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Trilobites from the Çal Tepe Formation (Cambrian),
Near Seydiflehir, Central Taurides, Southwestern Turkey
WILLIAM T. DEAN
Department of Geology, National Museum of Wales, Cardiff CF10 3NP - U.K.; and
Department of Earth Sciences, University of Wales Cardiff, Box. 914, Cardiff - U.K
(e-mail: Bill.Dean@nmgw.ac.uk)

Abstract: The type section of the Çal Tepe Formation, near Seydiflehir, is reviewed. The basal dolomite member
is unfossiliferous, but the succeeding black limestone member (24 m), light-grey limestone member (10.15 m),
and red nodular limestone member (46.7 m) are subdivided into thirty-seven numbered, often fossiliferous beds.
Trilobites from the black limestone member, late Early Cambrian, exhibit affinities with Morocco, Spain and
northwestern Europe; they include one new genus and species (Pamphyliaspis nigra) and three other new species
(Condylopyge matutina, Alueva venulosa, Antatlasia scabra). The lower light-grey limestone member contains
Acadoparadoxides (Acadoparadoxides) mureroensis, basal Middle Cambrian index species in Spain, with
Hamatolenus (Hamatolenus) altifronsns sp. nov., and the corynexochid Clavigellus venustus, first described from
southwest of Afyon, western Turkey. Trilobites from the highest bed of the member include Acadolenus?,
Agraulos, Dorypyge fimbriata sp. nov., Granularia, Parasolenopleura? and Sdzuyella; Corynexochus occurs only
rarely. The red nodular limestone member reflects deepening marine conditions, and the fauna includes Asturiaspis
oezgueli sp. nov., Conocoryphe (Conocoryphe), Dorypyge, Eccaparadoxides marginatus sp. nov., Hartella,
Peronopsis, Proampyx and the biozonal index Pardailhania hispida. Near Hadim, 70 km southeast of Çal Tepe, the
fauna of the red nodular limestone member is similar to that near Seydiflehir. At Çal Tepe, succeeding yellow shales
(now interpreted as basal Seydiflehir Formation) yielded only undetermined paradoxidid fragments, but analogous
strata near Hadim contain scarce Pardailhania hispida. Youngest Upper Cambrian rocks may occur to the west of
Çal Tepe, but the inferred Cambrian–Ordovician contact there is unexposed. Correlation with Cambrian successions
elsewhere in southern Turkey and the Mediterranean region is reviewed.
Key Words: trilobites, biostratigraphy, Cambrian, Taurides, Turkey

Seydiflehir Yak›n Civar›nda Yüzeyleyen Çal Tepe Formasyonu’ndaki (Kambriyen)
Trilobitler, Orta Toroslar, Güneybat› Türkiye
Özet: Seydiflehir yak›nlar›nda yüzeyleyen Çal Tepe Formasyonu’nun tip kesiti yeniden incelendi. Tabandaki dolomit
üyesi fosilsiz olup, hemen üzerindeki siyah kireçtafl› (24 m), aç›k-gri kireçtafl› (10.15 m), ve k›rm›z› nodüllü
kireçtafl› (46.7 m) üyelerinden oluflan istif ço¤unlukla fosilli 37 tabakaya ayr›lm›flt›r. Siyah kireçtafl› üyesindeki
trilobitler (geç Erken Kambriyen) Fas, ‹spanya ve kuzeybat› Avrupadakilere benzerlik sunarken yeni bir cinsi ve türü
(Pamphyliaspis nigra) ile üç yeni türden (Condylopyge matutina, Alueva venulosa, Antatlasia scabra) oluflmaktad›r.
Alt aç›k-gri kireçtafl› üyesi Acadoparadoxides (Acadoparadoxides) mureroensis (‹spanya’da en alt Orta Kambriyenin
indeks türü olarak bilinir) ile Hamatolenus (Hamatolenus) altifronsns sp. nov., ve ilk bat› Anadolu’da Afyon
güneybat›s›nda tan›mlanan corynexochid Clavigellus venustus gibi türleri içermektedir. Bu üyenin en üst kesimlerini
oluflturan tabakalardaki trilobitler ise Acadolenus?, Agraulos, Dorypyge fimbriata sp. nov., Granularia,
Parasolenopleura? ve Sdzuyella içerirken Corynexochus nadir olarak gözlemlenmifltir. K›rm›z› nodüler kireçtafl›
üyesi derinleflen deniz koflullar›na iflaret ederken Asturiaspis oezgueli sp. nov., Conocoryphe (Conocoryphe),
Dorypyge, Eccaparadoxides marginatus sp. nov., Hartella, Peronopsis, Proampyx ve biyozonal indeks Pardailhania
hispida gibi türlerin içermektedir. Hadim yak›nlar›nda, Çal Tepe’nin 70 km güneybat›s›, k›rm›z› nodüler kireçtafl›
üyesindeki fosil içeri¤i Seydiflehir yak›n civar›yla ayn›d›r. Çal Tepe’de, üzerleyen sar› fleyiller (burada Seydiflehir
Formasyonu’nun temeli olarak tan›mlanm›flt›r) tan›mlanamayan paradoxidid parçalar› içerirken, Hadim civar›ndan
eflde¤er stratada Pardailhania hispida nadir olarak bulunmaktad›r. En genç Üst Kambriyen kayaçlar› Çal Tepe’nin
bat›s›nda yüzeyliyor olabilir, ancak Kambriyen–Ordovisyen dokuna¤› burada yüzeylememektedir. Güneybat› Türkiye
ile Akdeniz bölgesinin di¤er kesimlerindeki Kambriyen istifleri ile olan korelasyon tekrar gözden geçirilmifltir.
Anahtar Sözcükler: trilobitler, biyostratigrafi, Kambriyen, Toroslar, Türkiye
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CAMBRIAN TRILOBITES FROM THE CENTRAL TAURIDES

Introduction
The hill known as the Çal (sometimes Idrisçal or Büyük
Çal) Tepe lies about 6 km northwest of Seydiflehir, on the
north side of the Taurus Mountains and about 75 km
southwest of Konya (Figure 1). The area falls within the
western Taurides, one of the structural subdivisions of
Turkey employed by Ketin (1966), Gutnic et al. (1979)
and Özgül (1984). The Çal Tepe forms part of the largest
of several inliers of Cambrian and Ordovician rocks, with
strike NW–SE (Figure 2), that form features projecting
from the adjacent plain, which is underlain by less
resistant Mesozoic and Quaternary to Recent strata. The
presence of Lower Palaeozoic rocks in the area was first
demonstrated by Monod (1967), and the
Cambrian–Ordovician succession, which is inverted at the
Çal Tepe (Figure 3), was described by Dean & Monod
(1970). Lithostratigraphic units then recognised, with
minor modifications of terminology by Dean (1975, p.
356) and incorporating later work by Monod (1977) and
by Dean & Monod (unpublished data), form the basis of
the following succession: Çal Tepe Formation (Lower to
Middle Cambrian carbonates); Seydiflehir Formation
(Middle Cambrian to Arenig clastics); and Sobova
Formation (upper Arenig carbonates) (Table 1).
Rocks of the dolomite member comprise thickly
bedded, brown-weathering, black, unfossiliferous,
crystalline dolomites interpreted (Dean & Monod 1997)
as transgressive, supratidal to intertidal deposits. Their
inverted outcrop forms the northeast flank of the Çal
Tepe, where the oldest strata exposed dip to the
northeast and are overlain by Quaternary to Recent
deposits. At the measured reference section near the
southeastern end of the Çal Tepe (Figure 2), the black
limestone member, light-grey limestone member and red

nodular limestone member have been divided into
individual beds which are given the Roman numerals I to
XXXVII in ascending stratigraphic order (Figures 4–6).
Levels of trilobite-bearing rock within each numbered bed
are indicated by lower case letters a to c; fossiliferous
levels outside the measured section have locality numbers
with prefix C-. Sections in the Çal Tepe Formation at
nearby Güvercin Tepe and at the unnamed, small hill
immediately adjacent to the southeast (Figure 2) are
much less complete than those at the Çal Tepe but
provided useful, supplementary material from the highest
part of the red nodular limestone member.
Outcrops of the Çal Tepe Formation at and near
Ba¤bafl› village, north of Hadim, a small town in the
central Taurus Mountains 65 km southeast of Seydiflehir
(Figure 1), were first recognised and mapped by Necdet
Özgül (in Özgül & Gedik 1973). Only middle Middle
Cambrian trilobites have been found there, and a
preliminary list of genera and species with their
stratigraphic ranges at Ba¤bafl› was given by Dean &
Özgül (1981); this material, supplemented by later
collecting, is considered here in greater detail.
The extension of rocks subsequently assigned to the
Çal Tepe Formation into the Sultan Da¤ area, about 100
km northwest of Seydiflehir (Figure 1), was recognised in
unpublished theses by Haude (1968) and Kelter (1968),
and described in part by Haude (1972). Their trilobite
collections, described by Shergold & Sdzuy (1984),
include some elements found also in the Seydiflehir and
Hadim areas, and these are discussed later. A further
inlier at Hüdai, 170 km northwest of the Çal Tepe, was
mapped by Necdet Özgül and described by Dean & Özgül
(1994).

Table 1. Lithostratigraphic units in the Çal Tepe area.
Formation

Member

Sobova Formation

30

Seydiflehir Formation

> 1000
basal transitional unit of yellow shales

Çal Tepe Formation
(base of formation not exposed)

50

red nodular limestone

46.7

light-grey limestone

10.15

black limestone
dolomite

2

Thickness (m)

24
> 50
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Figure 1. Outline map of Turkey, showing location of principal place-names cited in the text. Regional tectonic units after Ketin (1966) and Gutnic
et al. (1979); black areas denote Palaeozoic (undivided) outcrops (after Dean 1975, and Gutnic et al. 1979), compiled and modified from
maps of the General Directorate of Mineral Research and Exploration of Turkey (= MTA). Those which include Cambrian rocks are marked
by the letter ∈. EAF = East Anatolian Fault, NAF = North Anatolian Fault.

Çal Tepe Formation in the Çal Tepe Area
The four carbonate members of the Çal Tepe Formation
at its type section form the basis for most of the present
discussion. The same units crop out also in the area north
of Hadim (Figures 1 & 7), but the dolomite member
there is underlain by more than 150 m of dark shale
(Özgül in Özgül & Gedik 1973). The latter unit yielded
neither macrofossils nor microfossils and is unrecorded
from the Seydiflehir area, but its stratigraphic position
corresponds apparently to that of 100 m of dark, pelitic
shale in the Sultan Da¤ area, described by Haude (1972,
p. 413) as the Ard›çl› Tepe-Schichten and considered as a
formation of (?) Early Cambrian age by Wolfart (1983,
p. 14), who mistakenly listed the Çal Tepe as its reference
locality. Other, less important outcrops of the Çal Tepe
Formation carbonates occur on smaller hills northwest
and, especially, southeast of the Çal Tepe.

Reference Section at the Çal Tepe
Between the summit of the Çal Tepe and the southeastern
end of the hill (Figure 2) is a well-defined goat track

which runs roughly parallel to the contours and follows a
narrow gap in the otherwise continuous ridge formed by
thickly bedded limestones of the black limestone member.
A line running approximately SW–NE across this part of
the Çal Tepe marks the position of the measured standard
section noted below. The entire Cambrian sequence
forming the hill is inverted, so that successively older
strata are encountered northeastwards. No macrofossils
were found in the dolomite member, here more than 50
m thick, and for collecting purposes the remainder of the
formation's carbonates were divided into numbered beds,
as below. Individual fossiliferous levels within any
particular bed are indicated by lower case letters a, b or
c (Figures 4–6).

1. red nodular limestone member: 46.7 m, Beds
XXVI to XXXVII
2. light-grey limestone member: 10.15 m, Beds XII
to XXV
3. black limestone member: 24 m, Beds I to XI
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Figure 2. Geological map (after Monod in Dean & Monod 1970; Monod 1977) of the Çal Tepe and adjacent hills, 8 km north of Seydiflehir.

The black limestone member comprises thickly or very
thickly bedded (50 cm to 2.60 m), tough, dark-grey to
black, bioturbated packstones indicative of a shallow,
open-marine environment. The rocks are sufficiently
resistant to form a rugged feature on the southeastern
part of the Çal Tepe. Due to a combination of jointing and
weathering, the bedding may be difficult to distinguish,
especially on the highest part of the hill, and the lowest
unit in the member (Bed I, 12.75 m thick) has been left
undivided. Macrofossils are uncommon, difficult to
extract, and consist almost entirely of disarticulated
trilobite fragments, generally cranidia, with very rare,

4

poorly preserved molluscs and brachiopods. Specimens
are sometimes tectonically deformed and although most
were found dispersed through the rock, occasional
bedding-planes and lenticular beds of more crystalline
sparite yielded small, local concentrations of cranidia. The
trilobites, of late Early Cambrian age, belong mostly to
the Family Ellipsocephalidae, with only very rare
agnostids (Condylopyge).
The light-grey limestone member comprises little
more than 10 m of pale, thinly bedded packstones and
grainstones, indicating a high-energy, shallow marine
environment. The unit is of particular biostratigraphic

W. T. DEAN
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Figure 3. SW–NE cross-section through the inverted succession at the Çal Tepe (after Dean & Monod 1970, Figure 4; see also Monod 1977, and
Monod in Gutnic et al. 1979, p. 49).

interest as it yielded both ellipsocephalids and (at a point
1.1 m above the base) the biozonal paradoxidid
Acadoparadoxides (Acadoparadoxides) mureroensis
(Sdzuy 1958; see later). The Lower/Middle Cambrian
boundary could not be precisely defined here, but the
sequence has elements in common with that of the Hüdai
area (Figure 1) in the western Taurides (Dean & Özgül
1994), where A. (A.) mureroensis is accompanied by
Protolenus sensu stricto and Clavigellus venustus in a red
nodular limestone facies older than that at the Çal Tepe
(see later). The rocks, more thinly bedded than those of
the black limestone member, have been divided into a
relatively large number of small units. Lithologies range
from medium-grey micrite and biomicrite to pale-grey or
white, coarse sparite. In cross-section the beds of
biomicrite were often seen to be highly fossiliferous, but
fossils proved almost impossible to extract. The highest 2
m or so of the member contain thin (up to 5 cm) beds of
grey-white sparite in which broken fragments of
trilobites (Corynexochus, Dorypyge, Eccaparadoxides,
Sdzuyella) are not uncommon but agnostids are
unknown. The boundary with the overlying member is
marked by a change to thickly bedded, nodular limestone
with shaly partings that weather more easily.
The fourfold subdivision of the Çal Tepe Formation
carbonates appears so far to be confined to the Seydiflehir
and Hadim areas, although the general assemblage of

lithologies is widespread in southern Turkey. In
particular, the red nodular limestone member represents
a distinctive lithofacies that is both widely distributed and
diachronous in the Taurides and Border Folds regions
(Dean et al. 1993; Dean & Özgül 1994) and marks a
transition to lower energy, deeper marine conditions. At
the Çal Tepe the member comprises beds of grey to pink
or red nodular wackestones, usually thinly bedded (< 10
cm) but occasionally medium-bedded (10–30 cm),
interstratified with grey limestone that may be thinly
bedded and regressively weathered, or thickly bedded
(30 to 100 cm) and resistant. Sections of macrofossils,
almost exclusively trilobite fragments, were often visible
in the numerous beds of pink or grey micrite, but could
not be extracted. On the other hand, well-preserved but
usually fragmentary material was found in impersistent,
thin lenses of white, sparry limestone and calcarenite, or
in rubbly weathering, grey nodular limestone with shaly
laminations. Disarticulated examples of small, probably
deeper water genera such as Corynexochus may be locally
abundant and are generally less fragmented than those of
larger genera such as Eccaparadoxides; only small
numbers of agnostids occur, a group almost
unrepresented up to this point. On the southwestern side
of the Çal Tepe, the highest beds of the red nodular
limestone member are succeeded, apparently
conformably, by what Dean & Monod (1970) termed the
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C.690, C.728

2 metres
dolomite member 50 metres
base not seen

0

Figure 4. Stratigraphic levels of fossil localities and vertical ranges of trilobites in the black limestone member at the Çal Tepe.

‘yellow shale member’. Although originally considered as
topmost Çal Tepe Formation, the unit is now better
interpreted as basal Seydiflehir Formation, and at the Çal
Tepe it comprises about 50 m of yellow-weathering silty
shale with minor, impersistent lenticular beds of silty
limestone. The latter yielded poorly preserved fragments
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of Eccaparadoxides, of undivided Middle Cambrian age at
Dean and Monod manuscript localities C.688 and
C.656/C.685, respectively 4 m and 9 m above the top of
the red nodular limestone member. Corresponding beds
at Ba¤bafl›, near Hadim, were mapped by Özgül (in Özgül
& Gedik 1973) as lowest Seydiflehir Formation, a
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Figure 5. Stratigraphic levels of fossil localities and vertical ranges of trilobites in the light-grey limestone member at the Çal Tepe.

predominantly clastic unit more than 1000 m thick that
is widespread in both southern Turkey and adjacent areas
such as Iraq, and ranges upwards into the Lower
Ordovician (Arenig Series), although the succession may
be discontinuous.

Outcrops at Güvercin Tepe
The rocks here follow the strike of those forming the Çal
Tepe (Figure 2) but the hill is smaller and lower, and the

section is both less complete and less well exposed. No
macrofossils were obtained from the black limestone
member and the light-grey limestone member, whose
poorly exposed, combined dip slope forms much of the
northeastern flank of the hill. The red nodular limestone
member is incompletely exposed but some levels in Bed
XXXVII (3 m thick) proved locally fossiliferous. The
succession, inverted like that on the Çal Tepe, becomes
younger to the southwest.
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Figure 6. Stratigraphic levels of fossil localities and vertical ranges of trilobites in the red nodular limestone member at the Çal Tepe, Güvercin [=
Güvercin ma¤ara] Tepe, and the unnamed hill farther to the southeast.

Outcrops Southeast of Güvercin Tepe
Immediately southeast of Güvercin Tepe, and separated
from it by a narrow strip of Quaternary to Recent
deposits (Figure 2), is an unnamed, still smaller hill. All
the carbonate members of the Çal Tepe Formation crop
out there but are not well exposed, and trilobites were
found at only two localities (C.175, C.313) in the highest
part (Bed XXXVII) of the red nodular limestone member.
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Three additional, very small inliers occur as unnamed
promontories 2 km further southeast (Figure 2); but
exposures are poor and no macrofossils were found.

Çal Tepe Formation at Ba¤bafl›, North of Hadim
In the Taurus Mountains 70 km south of Konya (Figure
1) lies the small town of Hadim, 12 km north of which is

W. T. DEAN

a village now named Ba¤bafl› (Figure 7) but known as
E¤iste in an early account of the area by Blumenthal
(1947). Two inliers of the Çal Tepe Formation, one at
Ba¤bafl›, the other in the adjacent valley of the River
Göksu, were first recognised and mapped by Özgül (in
Özgül & Gedik 1973); a preliminary account of the
Cambrian biostratigraphy was published later by Dean &
Özgül (1981). The inverted succession in the Göksu
Valley inlier includes an additional unit, Özgül’s ‘lower
shale’ (base not seen), below the dolomite member; no
macrofossils or microfossils were found in these or
succeeding strata. Similarly, no macrofossils were found
at Ba¤bafl› in tectonised rocks of the light-grey limestone
member, which consists of thickly bedded, grey,
dolomitic limestone, cut by numerous calcite veins, that
forms the core of an anticline with axis WNW–ESE. All
the macrofossils collected are from the red nodular
limestone member at two measured sections, shown as
Ba¤bafl› I and Ba¤bafl› II by Dean & Özgül (1981, figure
2), which form the basis of the present account (Figure
7)

Ba¤bafl› I Section
The succession, 25.2 m thick, was divided into five units,
given bed numbers BaI-a to BaI-e. As at the Çal Tepe, the
rocks include thinly and medium-bedded pink or reddish
limestones that give the member a distinctive appearance,
even from a distance; but light-grey limestone is also
represented, from thinly to thickly bedded and sometimes
nodular, together with subsidiary partings of grey
mudstone. The lower part of the succession both here
and at Ba¤bafl› II is weathered to a yellow-brown
rottenstone in the east side of the gorge running north
from Ba¤bafl› village. Only four levels (Figure 8) higher in
the section yielded recognisable trilobites, although a few
beds of micrite contained macrofossils that were too
fragmentary to extract. All identifiable trilobites belong to
genera and species known from Ba¤bafl› II and the Çal
Tepe area.
The mapped boundary between the highest Çal Tepe
Formation and the succeeding Seydiflehir Formation is
modified slightly from that shown by Özgül (in Özgül &
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Figure 7. Geological map (after Özgül in Dean & Özgül 1981) of the Ba¤bafl› area, 12 km north of Hadim, showing the location of measured sections
Ba¤bafl› I and II.
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Vertical distribution of trilobites
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Loc. No.
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?

?

? Leonian (part)

Bed No.

Bagbasi II Section

No biozones recognised

Bagbasi I Section

Pardailhania hispida
Acrocephalites sp.
Asturiaspis oezgueli
Corynexochus sp.

Member

Formation
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light-grey limestone member (upper part)
Figure 8. Stratigraphic levels of fossil localities and stratigraphic ranges of trilobites in the red nodular limestone member and the basal Seydiflehir
Formation at sections Ba¤bafl› I and II.

Gedik 1973). The upper boundary of the red nodular
limestone member intersects the Konya road near the
northwest corner of Ba¤bafl› cemetery (beside the ‘spring’
in Figure 7), where red shale and limestone are seen. The
adjacent roadside section exposes the lowest part of the
Seydiflehir Formation, a 4 m unit of mudstone with thin
(2 cm) beds of pink and grey limestone; one of the latter,
2.8 m above the base, yielded Eccaparadoxides? sp. and
Corynexochus cf. delagei, while the biozonal index
Pardailhania hispida was found in another thin limestone
bed, 4 m above the base.

impracticable owing to lateral changes of facies, even
though the total thickness is almost the same. Rocks of
the lowest unit, BaII-a, are deeply weathered and no
macrofossils were found in them or in the succeeding
three beds. By contrast, ten fossiliferous levels (BaII-e1 to
BaII-e10) in Bed BaII-e, only 5.4 m thick, yielded
trilobites, all of which except one (Acrocephalites sp.) are
known from corresponding strata at the Çal Tepe and
Güvercin Tepe. The biozonal species Pardailhania hispida
was found at two levels, BaII-e4 and BaII-e7.
List of Fossiliferous Localities

Ba¤bafl› II Section

Çal Tepe and Adjacent Hills

As at Ba¤bafl› I, the succession was divided into five beds,
numbered BaII-a to BaII-e (Figure 8), but direct
correlation between units in the two sections proved

Locality numbers refer to manuscript notes by Olivier
Monod and the present writer, and their numerical order
has no stratigraphic significance. Large Roman numerals
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refer to beds within the measured section on the Çal
Tepe; these units are listed in numerical order, which is
also ascending stratigraphic order. In other cases the level
of the sample is given with reference to the base or top
of the same bed at points on the Çal Tepe outside the
measured section. Material from Güvercin Tepe and other
hills in the area is confined to the red nodular limestone
member. Bed and locality numbers are shown in Figures
4 to 6.

C.305b, 0.10 m above base of Bed XVI.
C.520, C.658, C.659, 0.05 m above base of Bed XXV.
C.521, 0.40 m above base of Bed XXIII.
C.522, lowest 0.08 m of Bed XXII.
C.523, 0.50 m above base of Bed XIX.
C.524, lowest 0.15 m of Bed XVI.
C.525, 0.60 m above base of Bed XV.
C.660, 0.40 m above base of Bed XXIII.

Black Limestone Member - Localities at and Adjacent to
the Çal Tepe Type Section
Bed I, level a, 4.70 m below top.
Bed II, levels a, b, c; 0.05 m, 1.30 m, 2.05 m above
base.

C.661, 0.60 m above base of Bed XVIII.
C.662, 0.55 m above base of Bed XVI.
C.663, 0.22 m above base of Bed XIV.
C.686, 0.15 m above base of Bed XIII.

Bed III, level a, 0.70 m above base.
Bed IV, level a, 0.70 m above base.
Bed VI, level a, 0.40 m above base.
Bed VII, level a, 0.50 m above base.
Bed VIII, level a, 0.70 m above base.
Bed X, level a, 0.35 m above base.

Red Nodular Limestone Member
Çal Tepe
Bed XXVI, levels a, b, c; 0.65 m, 0.80 m, 3.15 m
above base.
Bed XXVIII, level a; 3.30 m above base.
Bed XXX, levels a, b; 4.20 m, 5 m above base.

Bed XI, level a, 0.25 m above base.

Bed XXXI, level a; 0.10 m above base.

C.526, 0.50 m above base of Bed VII.
C.687, 0.20 m above base of Bed II.

Bed XXXIII, levels a, b, c; 0.20 m, 0.60 m, 4.80 m
above base.

C.689 [= C.181], about 0.40 m above base of Bed VI.

Bed XXXVI, levels a, b; 3.40 m, 3.70 m above base.

C.690 and C.728, about 3 m above base of Bed I.

Bed XXXVII, levels a, b, c; 2.70 m, 3.80 m, 7.50 m
above base.

C.803, 0.70 m above base of Bed IV.

C.164, Bed XXXVII, 7.10 m above base; 1100 m
northwest of summit.

Light-Grey Limestone Member - Localities at and Adjacent
to the Çal Tepe Type Section
Bed XIII, level a, 0.13 m above base.

C.304, Bed XXXVII, 7.10 m above base, 475 m
southeast of summit.

Bed XV, level a, 0.65 m above base.

C.657, Bed XXXIII, 2.40 m above base; 250 m
southeast of summit.

Bed XVI, levels a, b, c; 0.05 m, 0.35 m, 0.70 m above
base.

C.685, Bed XXXIII, 2.40 m above base; 260 m
southeast of summit.

Bed XVII, levels a, b; 0.10 m, 0.25 m above base.
Bed XXI, level a, 0.10 m above base.
Bed XXV, level a, 0.30 m above base.
C.183, 0.30 m above base of Bed XXV.
C.305a, 0.30 m above base of Bed XXV.

Güvercin Tepe
C.176, Bed XXXVII, 4.6 m above base; 1775 m
southeast of Çal Tepe summit.
C.214, Bed XXXVII, 4.6 m above base; 1250 m
southeast of Çal Tepe summit.
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C.306, Bed XXXVII, 3.8 m above base; 1200 m
southeast of Çal Tepe summit.
C.307, Bed XXXVII, 8.8 m above base; 1290 m
southeast of Çal Tepe summit.

Unnamed Hill Southeast of Güvercin Tepe
C.175, Bed XXXVII, 4.6 m above base; 2350 m
southeast of Çal Tepe summit.
C.313, Bed XXXVII, 3.8 m above base; 2275 m
southeast of Çal Tepe summit.

Unnamed Hill about 1.5 km Northwest of the Çal Tepe
C.237, Bed XXXVII, 4.5 m above base (cited Dean &
Monod 1970, p. 419).

Ba¤bafl›, North of Hadim
Only the red nodular limestone member yielded
macrofossils, and the stratigraphic position of
fossiliferous levels is given with reference to the base of
the member at Ba¤bafl› I and Ba¤bafl› II measured sections
(Figure 7). Numbered levels of fossiliferous strata are
indicated in Figure 8.

Ba¤bafl› I Section
BaI-1, 13 m above base.
BaI-2, 13.70 m above base.
BaI-3, 17.10 m above base.
BaI-4, 19.10 m above base.

Ba¤bafl› II Section

Trilobite Biostratigraphy and Relationships
The affinities of the Çal Tepe Formation's trilobites lie
particularly with those of the western Mediterranean
region (southern France, northern Spain, Sardinia) and
northwest Africa (Moroccan Anti-Atlas), which were
together termed the Mediterranean Subprovince by
Sdzuy (1971b, p. 778). The region, together with
southern Britain, Bohemia and Scandinavia, was earlier
recognised by Westergård (1950, p. 31) as forming part
of an Acado-Baltic (or Atlantic) Province, so named as it
includes the 'Acadian' portion of eastern Canada (= Nova
Scotia, New Brunswick, eastern Newfoundland) and
northeastern U.S.A. The European and Mediterranean
regions are interpreted as marginal parts of periGondwanaland, and the relevant Cambrian faunas,
particularly trilobites, extend at least as far eastwards as
southeastern Turkey and northern Egypt, where
Paradoxides sp. (assigned here to Eccaparadoxides) was
found in a deep (> 3720 m) borehole (Andrawis et al.
1983). Sequences in the Welsh Basin, type area of the
Cambrian System, have not proved suitable for
establishing detailed reference sections, and the preferred
‘standard’ succession for the Middle Cambrian (that for
the Lower Cambrian is less satisfactory) is in Sweden,
where Westergård (1946, 1953) described biozones
based mainly on agnostid trilobites, although
paradoxidids were used for the lowest third, the so-called
Paradoxides oelandicus 'Stage'. Agnostids and eodiscids
are especially important in long-distance correlation, but
have proved rare in all known Turkish Cambrian
outcrops. Polymerid trilobites, although less useful as
zonal indices than the agnostids, include certain
widespread genera that are common to Europe,
Scandinavia, eastern Canada and the Mediterranean
region, and thus facilitate approximate correlations.

BaII-e1, 20 m above base.
BaII-e2, 20.50 m above base.

Lower Cambrian

BaII-e3, 21.60 m above base.

Lower Cambrian biozonation and regional correlation
present more complex problems than the Middle
Cambrian, and this is a notoriously difficult interval
(Cowie 1971) owing to the greater provincialism of the
trilobite faunas which, as noted by Geyer (1990a),
become more strongly differentiated with increasing age.
Even in the Swedish Lower Cambrian there is virtually no
correspondence with European and Mediterranean
faunas, and each region has its own individual zonal

BaII-e4, 21.85 m above base.
BaII-e5, 22 m above base.
BaII-e6, 23.10 m above base.
BaII-e7, 24.20 m above base.
BaII-e8, 24.40 m above base.
BaII-e9, 24.60 m above base.
BaII-e10, 24.70 m above base.
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scheme. Where to draw the base of the Middle Cambrian
is still a matter of debate. It has been suggested
(Bergström 1980; Bergström & Gee 1985) that highest
Lower Cambrian and lowest Middle Cambrian strata are
absent throughout Scandinavia as the result of a marine
regression that may form part of a worldwide episode,
known in North America as the Hawke Bay Event (Palmer
& James 1980). The local duration of such a stratigraphic
break may be difficult to assess, but in Scandinavia it was
followed by what Bergström (1980, p. 375) termed the
'Eccaparadoxides oelandicus transgression'. The sudden
appearance of Acadoparadoxides (Acadoparadoxides)
mureroensis over wide areas of Mediterranean periGondwanaland may be linked to this transgressive
episode but the evidence is often ambiguous.
The most complete Lower Cambrian succession yet
known is in the Anti-Atlas of Morocco, where Hupé
(1953a) described two successive stages, Soussian and
Issafenian, divided into eight zones. These were
subsequently abandoned by Geyer (1990a) and replaced
by Issendalen, Bani and Tissafin stages, the names being
given the suffix –ian by Geyer & Palmer (1995). The
Tissafinian corresponds to most of Hupé's Issafenian but
was claimed by Geyer to be of early Middle Cambrian age
as it contains Paradoxides. The Tissafin Stage was divided
by Geyer (1990a) into successive zones of Hupeolenus
(C1), Cephalopyge (C2) and Ornamentaspis frequens
(C3), and it was from (C2) that so-called 'giant'
specimens of Acadoparadoxides (sensu stricto) and the
olenellid Cambropallas were later described by Geyer
(1993). The Bilbilian Stage of Spain was correlated with
(C1) by Geyer (1990a, figure 2), who indicated the
Paradoxides mureroensis level about the middle of (C2).
The problem of the Lower/Middle Cambrian boundary
remains unresolved, and Geyer & Landing (2001, p. 119)
continued to regard most of the Spanish
Acadoparadoxides mureroensis Biozone as highest Lower
Cambrian. But for Liñán et al. (1993) and for Sdzuy et al.
(1999), who are followed here, the Bilbilian of Spain and,
consequently, (C2) of the Anti-Atlas, is still the highest
stage of the Lower Cambrian, succeeded by the Acado.
(Acadoparadoxides) mureroensis Biozone, basal Leonian
and basal Middle Cambrian (see later).
Macrofossils at the Çal Tepe section are both rare in
and difficult to extract from the lower half of the black
limestone member (Figure 4). The oldest are from the
lower part of the mostly barren Bed I, where localities

C.690 and C.728 mark the appearance of Alueva
venulosa, Kingaspidoides? sp. and Ornamentaspis? sp.
From this point A. venulosa continues to Bed X, just
below the top of the member. Only two cranidia of the
?strenuellinid Pamphyliaspis nigra were found in the
remainder of Bed I, but the form is distinctive and may
prove of stratigraphic value. Agnostida are rare in the
whole of the Çal Tepe Formation and Condylopyge
matutina in Bed II is of particular interest in so far as it
closely resembles C. amitina, from a fauna in central
England that was said to be clearly later than the Callavia
Zone by Rushton (1966, pp. 6–7), who suggested a
horizon high in the Protolenus Zone. In the Lower
Cambrian of New Brunswick, eastern Canada, where the
faunal affinities lie with the Welsh Basin and periGondwana, Westrop & Landing (2000) discussed the
possibility that their ‘Protolenus Association’ may be
equivalent to the Callavia broeggeri Zone of the Canadian
Maritimes, including Newfoundland. Ornamentaspis?, if
correctly identified, apparently has an extended range and
is recorded from the early Middle Cambrian of Bohemia
by Fatka et al. (1992) together with Kingaspis? and
Ellipsocephalus, an assemblage said to represent ‘an
influx from the Mediterranean Province’. Further
evidence of problems in the use of Protolenus as a strictly
Lower Cambrian index comes from the Holy Cross
Mountains of Poland, where a continuous section
(Orlowski 1964, p. 559) contains a ‘Protolenus horizon’,
followed by Paradoxides with Protolenus? sp. In AngloWelsh peri-Gondwanaland, the Comley Series type section
(Lower Cambrian; see Cowie et al. 1972) is in south
Shropshire, on the margin of the Welsh Basin, and is
overlain unconformably by Middle Cambrian. The highest
unit [so-called ‘Protolenid-Strenuellid’ Zone], comprises <
1 m of shallow-marine, red, grey and nodular limestone
beds, the trilobites of which include, among others,
Protolenus and Latoucheia (reviews in Cobbold 1910,
1921; Rushton 1974). In the Taurides of southwestern
Turkey, near Hüdai (see later discussion), red nodular
limestones of the Çal Tepe Formation contain Protolenus
sensu stricto, which is unknown from the Seydiflehir area,
together with the basal Middle Cambrian index
Acadoparadoxides (Acadoparadoxides) mureroensis and
Clavigellus venustus, both of which are recorded from
only the lowest 2.6 m of the light-grey limestone member
at its type section.

Antatlasia, represented by A. scabra in Bed IV, is
indicative of the lower part of Geyer’s (1990a) Banian
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Stage, which was correlated by him with the ‘Callavia
Zone’ of the English Midlands, though a similar but
slightly older level was proposed later by Geyer & Palmer
(1995, p. 461). The presence of Kingaspis cf. velata in
Bed XI, topmost unit of the black limestone member,
marks the appearance of a genus that was founded on
material from the Lower Cambrian of Jordan and was
listed by Sdzuy (1971a) from the Marianian Stage but is
now known to traverse the Lower/Middle Cambrian
boundary. To summarise, the black limestone member at
the Çal Tepe type section represents only the highest part
of the Lower Cambrian and corresponds probably to the
Protolenid-Strenuellid Zone of the type Comley Series. No
trilobites older than Bilbilian Stage have been found in the
member and macrofossils are as yet unknown from the
underlying dolomite member.

Middle Cambrian
The first appearance of ‘Paradoxides’ sensu lato was
conventionally accepted as defining the base of the Middle
Cambrian, at least in Europe, Scandinavia and eastern
Canada. In Morocco, Hupé (1960) drew the boundary at
the first appearance of Acadoparadoxides, and in Spain
Sdzuy (1968) recognised four successive ‘pisos’, or
stages, of: (1) Paradoxides (Acadoparadoxides); (2)
Badulesia; (3) Pardailhania; and (4) Solenopleuropsis.
Each of the three highest stages was divided into ‘niveles’
or zones, named for species of the eponymous genera;
but the lowest stage was divided into three successive
zones of Alanisia & Strenueva, Conocoryphe ovata, and
Acadolenus spp. A more refined zonal sequence by Sdzuy
(1971b) comprised: 'Cambrico inferior-medio', a unit
with few trilobites but equivalent to the zone of Alanisia
& Strenueva and corresponding largely to the range of
Alanisia hastata (a species transferred to Alueva by Gozalo
et al. 1993, p. 40) and Paradoxides (Acadoparadoxides)
mureroensis; Conocoryphe ovata; Acadolenus; Badulesia;
Pardailhania; and Solenopleuropsis, followed by a 'stage
without Solenopleuropsidae'. These units were retained
by Sdzuy (1972), who drew the base of the Middle
Cambrian below the 'Schichten mit P. mureroensis'.
Formalised as zones by Palmer (1977, p. 25), they were
used as such by Thomas et al. (1984), but the 'stage
without Solenopleuropsidae' was omitted by them.
According to Sdzuy's (1971b) range chart, an eponymous
genus may extend outside its zone; for example
Pardailhania hispida subspecies nov. was shown in the
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highest part of the Badulesia Zone as well as in the lowest
Pardailhania Zone, and species of Solenopleuropsis were
recorded also in the Pardailhania Zone. Similar overlaps
are seen in Liñán & Gozalo's (1986, figures 9 & 10)
range charts. Subsequently Liñán et al. (1993) proposed
the new stages Leonian and Caesaraugustian [misspelt as
Caeseraugustinian (sic) in Kaesler 1997, p. 310], with
type sections in northwestern Spain, and each divided into
three parts. The Lower, Middle and Upper Leonian
correspond, respectively, to Sdzuy's Paradoxides
(Acadoparadoxides) mureroensis, C. ovata and
Acadolenus zones; the Lower, Middle and Upper
Caesaraugustian correspond to the Badulesia,
Pardailhania and Solenopleuropsis zones, and Liñán et al.
(1993, p. 829) stated that ‘the upper limit of the
Caesaraugustian Stage is placed at the last record of
Solenopleuropsis’, a concept subsequently modified (see
below). No stages were then proposed for the
'Solenopleuropsidae-free' strata but the latter, plus the
‘Barroubian’ of Miquel (1905), were later assigned by
Alvaro & Vizcaïno (1998) to a new Languedocian Stage,
based on sections in the Montagne Noire and with type
section at Ferrals-les-Montagnes in southwestern France.
Although Alvaro & Vizcaïno (1998, p. 233) proposed
Languedocian as a formal replacement for the
Solenopleuropsidae-free interval, on page 239 of the
same paper they stated that it coincided only ‘in part’ and
comprised niveaux paléontologiques D, E, F, G and H of
Courtessole et al. (1988). However, in Courtessole’s
(1973) original usage of these terms the succeeding
Niveau I was shown to contain typical Middle Cambrian
trilobites such as Paradoxides, Peronopsis and Jincella,
whereas for Courtessole et al. (1988, p. 6) Niveau I was
a mainly carbonate unit (Calcaire de la Val d’Homs, 50 m
thick) with the Upper Cambrian trilobites Prochuangia
and Bergeronites (see below), to which several other
genera were added by Shergold et al. (2000). But the
Languedocian as first proposed was not entirely
‘Solenopleuropsidae-free’ and its base was defined by the
appearance of the solenopleurid Solenopleur-opsis
(Manublesia) thorali, a species subsequently used as one
of two biozonal indices for the topmost Caesaraugustian
(Gozalo et al. 1994, p. 46; Sdzuy et al. 1999, p. 40). The
top of the type Languedocian in the Montagne Noire was
drawn at the supposed first appearance (in carbonate
lenses) of the drepanurid genus Bergeronites Sun in Kuo
1965, founded on Drepanura kettleri Monke 1903, from
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Figure 9. Table summarising postulated correlation of Cambrian successions at the Çal Tepe and Hadim with selected sections in other parts of
southern Turkey, and with biostratigraphic sequences in Scandinavia and western Europe. Thicknesses of units in the columns are not to
scale.

northeastern China and recorded (Chang & Jell 1987, p.
22) from only the Drepanura Zone (= highest Kushanian,
early Late Cambrian; see table of biozones in Figure 5).
The French drepanurid in question, B. latefalcatus, and an
associated leiostegiid Prochuangia gallica were described
by Feist & Courtessole (1984) from La Val d’Homs, south
of Ferrals-les-Montagnes, in Niveau I of Courtessole et al.
(1988). The former species was transferred by Chang
(1996, p. 69) to Palaeadotes, which he considered a
senior synonym of Drepanura (Spinopanura) Kushan
(1973, p. 144) from the Upper Cambrian of northern
Iran, a view shared by Shergold et al. (2000). According
to Chang (1996, p. 72) the recorded range of

Palaeadotes is ‘from the upper part of the Lejopyge
laevigata Zone to the Glyptagnost stolidotus Zone’, that is
to say, from the highest Middle Cambrian to the lowest
Upper Cambrian (Agnostus pisiformis Zone), and the age
of the French assemblage was later confirmed as
Kushanian by Chang (1998, p. 26). A more recent
account by Shergold et al. (2000) showed the Val d’Homs
Formation as a shale unit, about 14 m thick, overlain
disconformably by Lower Ordovician. Lenticular
limestones within the unit include one bed, 80 cm thick
and 1 m above the base, from which ten early Late
Cambrian trilobite species exhibiting Australian and
Chinese affinities were described.
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Both Leonian and Caesaraugustian stages are broadly
recognisable over much of the Mediterranean region, but
biozones proposed in the Murero and adjacent areas of
northeastern Spain by Gozalo et al. (1993) require
further confirmation. Nevertheless Sdzuy’s original
biozonal succession provides a framework for longdistance correlation of Middle Cambrian strata in the
region that is still relevant to the present discussion. The
Conocoryphe ovata and Acadolenus biozones can be
difficult to apply outside their type area, and subsequently
Gozalo & Liñán (1995), together with Sdzuy et al.
(1999), revised the subdivisions of the Leonian,
substituting three successive zones of Eoparadoxides [=
Acadoparadoxides; see Dean & Rushton in Kaesler 1997,
p. 472] mureroensis, Eccaparadoxides sdzuyi (based on a
species redescribed by Liñán et al. 1995, p. 224) and
Eccaparadoxides asturianus (Sdzuy 1968, p. 91). Usage
of the two highest of these zones is not clear, and a table
by Gozalo & Liñán (1995, p. 171) showed only the
lowest part of the E. asturianus Zone in the topmost
Leonian, with most of the unit assigned to the
Caesaraugustian and equivalent to the Badulesia sp. A and
Badulesia tenera biozones; the E. sdzuyi Zone in the same
paper corresponds to most of the middle and upper
Leonian. Correlation of the Mediterranean region
biozones with those of the Swedish Middle Cambrian is
imprecise, but relevant data from the Çal Tepe and Hadim
are discussed in the text. The three Swedish ‘stages’ of
Paradoxides oelandicus, P. paradoxissimus and P.
forchhammeri are named for species little documented
elsewhere. The lowest was divided into two successive
zones of Eccaparadoxides insularis and of
Acadoparadoxides pinus & Ptychagnostus praecurrens,
but the two upper ‘stages’ were zoned on the basis of
agnostids (Westergård 1946), a group found only
sporadically in Mediterranean successions and quite rare
in southern Turkey.

Acadoparadoxides (Acadoparadoxides) mureroensis
Biozone
At the Çal Tepe, fragmentary specimens of Acado.
(Acado.) mureroensis were found 35 cm above the base
of Bed XV, in the lower part of the light-grey limestone
member (Figure 5). Adjacent fossiliferous levels yielded
also Hamatolenus (Hamatolenus) altifrons, Alanisia? cf.
hastata and Clavigellus venustus (Dean in Dean & Özgül
1994). A.? hastata occurs with Acado. (Acado.)
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mureroensis in Spain, where H. (Hamatolenus) is
represented by a different species and traverses the
Lower/Middle Cambrian boundary (Sdzuy 1971b). C.
venustus, a very small trilobite, was described first from
the Hüdai area of the western Taurides (Figure 1), where
it occurs with Acado. (Acado.) mureroensis and
Protolenus (sensu stricto). The last-named genus has not
yet been identified satisfactorily elsewhere in southern
Turkey, but its stratigraphic level is often represented by
coarse, shallow-marine dolomites that have not yielded
fossils of any kind. Less common fragments of Acado.
(Acado.) mureroensis were found at the Çal Tepe in Bed
XV, level a, its lowest record at this section and about 1.1
m above the base of the light-grey limestone member. A
specifically undetermined paradoxidid pygidium (Plate 6
(o)) from 70 cm lower (Bed XIII, level a) and only 40 cm
above the base of the light-grey limestone member
suggests that the latter boundary may coincide
approximately with the base of the Middle Cambrian; but
data are incomplete and there is as yet no clear evidence
of a discordance between the black limestone and lightgrey limestone members. According to Geyer (1990a) the
level of the Acado. (Acado.) mureroensis Biozone lies
within his Cephalopyge Zone (C2), from which he
described (Geyer 1994, p. 1314) the genus Clavigellus,
and well above the base of the Middle Cambrian as
interpreted by him, which, on the basis of evidence from
Morocco, he drew below the Bilbilian Stage. Conversely,
Liñán et al. (1993; see also Sdzuy et al. 1999) retained
the Bilbilian as highest Lower Cambrian and interpreted
the mureroensis Biozone as both basal Leonian and basal
Middle Cambrian, a procedure followed here.
Conocoryphe ovata, Acadolenus & Badulesia Biozones
Both the Acado. (Acado.) mureroensis Biozone and the
Pardailhania Biozone can be delimited with some
confidence at the Çal Tepe section, but the intervening
strata contain few fossils of diagnostic value. In
northeastern Spain the former C. ovata and Acadolenus
biozones [now replaced by Eccaparadoxides sdzuyi and E.
asturianus zones] constituted, respectively, the Middle
and Upper Leonian, whilst the Badulesia Biozone formed
the Lower Caesaraugustian (Liñán et al. 1993). But in the
Murero area (Liñán & Gozalo 1986, figures 9 & 10) the
top of the mureroensis Biozone is either faulted or
separated from the base of the Badulesia Biozone by beds
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that are unfossiliferous or contain only the long-ranging
genus Eccaparadoxides.
The highest record of Acado. (Acado.) mureroensis at
the Çal Tepe is in Bed XVII of the light-grey limestone
member; from there up to and including Bed XXIV (Figure
5), a thickness of 6.8 m, fossils comprise mostly
undetermined fragments at locs C.661, C.523 and
C.522, with rare Alanisia? cf. hastata in Bed XVII and
Acado. (Acadoparadoxides) sp., member of a longranging genus, in Bed XXI. Conocoryphe is not yet known
from the light-grey limestone member, and its lowest
record at the Çal Tepe is in Bed XXXIII of the red nodular
limestone member (Figure 6), at a level 0.5 m below the
appearance of Pardailhania hispida. There it is
represented by Conocoryphe (Conocoryphe) heberti, a
southern French species recorded from a slightly higher
level, the Solenopleuropsis Biozone (Courtessole 1973),
in its type area as well as in Spain (Sdzuy 1971b, table 1).
Evidence for the Acadolenus [or Eccaparadoxides
asturianus] Biozone, highest Leonian, is meagre, the
eponymous genus being represented by a single,
questionable cranidium from Bed XXIII of the light-grey
limestone member. The highest part (Bed XXV) of the
same member has yielded one of the most varied trilobite
assemblages in the Çal Tepe carbonates, although none of
the genera or species is of biozonal significance.
Granularia is recorded from the highest Lower Cambrian
in Siberia and the lower Middle Cambrian of southern
Tyan-Shan. Dorypyge fimbriata belongs to a genus that
occurs within the upper half of the Middle Cambrian in a
region extending from the eastern Appalachians, British
Isles and Scandinavia by way of the Mediterranean to
China, and possibly in the lowest Upper Cambrian of Iran
(Kushan 1973). Sdzuyella cf. stremina, from the
Sdzuyella-Aegunaspis Zone of Turkestan (Repina et al.
1975, p. 172), represents yet another link with faunas in
the former USSR. The first appearance of Corynexochus
in Bed XXV, where it is rare, is of some interest as the
abundance of the genus increases markedly in grey and
pink, argillaceous micrites of the succeeding red nodular
limestone member. The latter were interpreted by Dean
& Monod (1997) as marking a rapid transformation from
shallow, high-energy marine conditions to a deeper
water, low-energy environment; this change affected the
whole of southern Turkey and has been postulated as due
to foundering of the Gondwanaland margin (Dean et al.
1993). But so-called ‘red nodular limestones’, including

the Devonian Griotte (review in Tucker 1974), are
widespread at a variety of levels, ranging from Cambrian
to Mesozoic, in the Mediterranean region and although a
well-oxygenated environment is conventionally accepted,
interpretations of the depth of deposition vary greatly.
For example, the Ammonitico Rosso (Lower Jurassic) was
once considered as a deep-water, pelagic deposit, but this
view has been questioned (review in Hallam 1981, p. 68),
and Zempolich (1991) believed that at least one
occurrence in the Italian Alps represents a shallow-marine
deposit, succeeding a sub-aerial environment.

Badulesia Biozone [= Lower Caesaraugustian]
The eponymous trilobite has not been found at either the
Çal Tepe or Ba¤bafl› but the unit may be represented by
the lower half of the red nodular limestone member,
below the first appearance of Pardailhania hispida. The
absence of Badulesia there probably reflects the
inappropriate biofacies, as the genus is apparently
confined to fine-grained clastic sediments and is known
elsewhere in Turkey only from grey mudstones of the
lowest Sosink Formation in the southern Amanos Da¤
(Figure 1; see Dean et al. 1986), where the locally
abundant B. tenera (Hartt in Dawson 1868) is a
widespread species and is reported also from eastern
Canada (its type area), Spain, Morocco and Germany
(Schmidt 1942; Sdzuy 1957). Badulesia is well
represented in Spain (Sdzuy 1971b), accompanied by,
among others, Conocoryphe cf. terranovica Resser 1937,
Hartella antiqua, Parabailiella languedocensis Thoral
1946 and the biozonal index Eccaparadoxides asturianus
Sdzuy 1968 (see above). Of these, only H. antiqua has
been found at the Çal Tepe, where it occurs in the middle
Caesaraugustian, Pardailhania Biozone. Asturiaspis
oezgueli sp. nov. has been found both within and below
the vertical range of Pardailhania hispida at the Çal Tepe,
and its first appearance may have some potential for
recognising the Badulesia Biozone in a carbonate facies;
but Asturiaspis evidently had a long range, and is
recorded from the Conocoryphe ovata and Acadolenus
biozones (Leonian) in Spain (Sdzuy 1971b). The genus
Eccaparadoxides not only has a long range, probably
through most of the Middle Cambrian, but is
geographically widespread. E. marginatus sp. nov. is not
yet recognised outside the Çal Tepe and Hadim areas,
where it extends through the red nodular limestone
member, in the ?Badulesia and Pardailhania biozones. A
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single specimen of Acrocephalites sp. from just below the
lowest record of Pardailhania hispida at Ba¤bafl› II Section
represents a genus which, according to Westergård
(1948, p. 19), is confined to the upper Middle and Upper
Cambrian in the Acado-Baltic Province.

Pardailhania Biozone [= Middle Caesaraugustian]
In Sdzuy's (1971b) range chart for northern Spain, the
lower limit of the Pardailhania Biozone was drawn just
below the appearance of P. hispida hispida, although new
subspecies were shown as appearing in the highest
Badulesia Biozone, and a similar overlap of the two
genera at Murero was noted by Liñán & Gozalo (1986).
At the Çal Tepe P. hispida is recorded from the upper half
of Bed XXXIII, the highest 0.4 m of Bed XXXVI, and the
whole of Bed XXXVII, all in the red nodular limestone
member. There is, however, an interval of some 13 m in
the same member (Beds XXXIII to XXXVI, in part) from
which no recognisable trilobites were obtained. No upper
limit to the Pardailhania Biozone could be drawn at this
section, and other trilobites in Bed XXXVII include only
the long-ranging Peronopsis fallax, species of
Corynexochus (whose zonal value has still to be proved),
and Hartella antiqua, recorded from lower Badulesia
Biozone [= lower Caesaraugustian] to lower
Solenopleuropsis Biozone [= upper Caesaraugustian] in
both Spain (Sdzuy 1971b) and its type area of southern
France (Courtessole 1973, p. 90). Hartella has a longer
range elsewhere, being represented by H. solvensis
(Hicks 1871) in the Acado. (Acadoparadoxides) pinus
Biozone of Wales (Thomas et al. 1984, p. 10) and by H.
exsulans (Linnarsson 1879) in the Exsulans Limestone,
Ptychagnostus gibbus Biozone, of Sweden (Westergård
1950, p. 31). In eastern Newfoundland H. terranovica
(Resser 1937) is from the Pt. gibbus Biozone (Martin &
Dean 1988, pp. 8, 20), and in New Brunswick H.
matthewi (Hartt in Dawson 1868) may be of similar age.
Bengtson & Fletcher (1983) listed a Hartella assemblage
between those named for Badulesia tenera and for the
zonal agnostids Pt. atavus - Tomagnostus fissus in
eastern Newfoundland. The recorded range is from Pt.
gibbus Biozone to Pt. atavus - Tomagn. fissus Biozone,
and the genus has some potential in correlation,
particularly as it predates, and may possibly be ancestral
to, Ctenocephalus (sensu stricto), which apparently
occurs later in the Middle Cambrian.
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The boundary between carbonates of the Çal Tepe
Formation and the superseded ‘yellow shale member’ (at
the Çal Tepe), or the mostly clastic Seydiflehir Formation
(at Ba¤bafl›, near Hadim), is conformable and gradational.
Thin (5 cm) beds of grey micrite (Localities C.684,
C.688) interbedded with yellow-weathering, fissile
mudstone about 4 m above the top of the red nodular
limestone member on the southwest side of the Çal Tepe
yielded undetermined paradoxidid fragments, probably
Eccaparadoxides, whose age within the Middle Cambrian,
although uncertain, must be Pardailhania Biozone or
younger. At Ba¤bafl› II Section the lowest strata of the
Seydiflehir Formation comprise brown-weathering, grey
mudstone with occasional thin, impersistent limestone
beds (Figure 8). A 2 cm bed of pink micrite 2.8 m above
the formation base yielded one cranidium of
Corynexochus cf. delagei; and a 5 cm bed of calcarenite 4
m above the base contained C. cf. delagei, a few
undetermined paradoxidid fragments, and a single
cranidium of Pardailhania hispida, indicating the lower
part of the Pardailhania Biozone.

Solenopleuropsis Biozone and Upper Middle Cambrian
Strata
Trilobites of this age are not yet known from the
Seydiflehir and Hadim areas, and an early, erroneous
record of Solenopleuropsis at the Çal Tepe (Dean in Dean
& Monod 1970, p. 418) was subsequently corrected to
Pardailhania (Dean 1982, p. 37). Species of
Solenopleuropsis are, however, documented from several
areas of southern Turkey, extending from the Sultan Da¤
(Figure 1), in the western Taurides (Shergold & Sdzuy
1984), by way of the southern Amanos Da¤ (Dean et al.
1986) and the Penbegli-Tut inlier (Dean et al. 1997) to
the Derik-Mardin inliers, southeastern Turkey. Whether
the eponymous genus occurs farther east than Derik is
debatable, and a record of Solenopleuropsis in
southwestern China (Chang et al. 1980, p. 372) is
questionable. As noted earlier, the highest of Sdzuy's
(1971b) Middle Cambrian subdivisions, his 'stage without
Solenopleuropsidae', corresponds largely to Alvaro &
Vizcaïno’s (1998, p. 239) Languedocian Stage, a unit
which succeeds upper Caesaraugustian strata containing
Solenopleuropsis (sensu lato), and comprises two
Solenopleuropsis biozones in its lowest third. As in
several parts of the Mediterranean region, details of the
Middle/Upper Cambrian boundary are not yet
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documented. The type section of the Sosink Formation
and related sections in southeastern Turkey (Dean 1982;
Dean & Monod 1997) are younger than carbonates of the
type Çal Tepe Formation; they probably represent most
of the Languedocian, and the presence of
Solenopleuropsis in a single limestone bed in the lowest
strata at Derik and at Penbegli-Tut (Figure 1) is
succeeded
by
beds
with
Derikaspis
and
Chelidonocephalus, genera recorded from the highest
Middle Cambrian in southern France (Dean 1982;
Courtessole et al. 1988) and Spain (Alvaro & Vizcaïno
1998). Solenopleuropsis is found also in western Europe,
where S. variolaris (Salter 1864) occurs in the upper part
of the Hypagnostus parvifrons Biozone and the lower half
of the Ptychagnostus punctuosus Biozone in the Welsh
Basin (Thomas et al. 1984, p. 11), and provides a link
between the Mediterranean region and eastern Canada,
where the species is reported from strata of similar age
in eastern Newfoundland (Bergström & Levi-Setti 1978;
Martin & Dean 1988).

Post-Middle Cambrian Rocks in the Çal Tepe Area
Detailed discussion of the Upper Cambrian in southern
Turkey is beyond the scope of the present paper, but
some comments are relevant. In the Sultan Da¤ area of
the western Taurides (Figure 1), trilobites collected by H.
Haude from the upper Seydiflehir Formation were
described by Shergold & Sdzuy (1984) who assigned
them to the Lower Tremadoc (Ordovician), although they
pointed out that almost all the genera occur also in the
Acerocare Zone, highest Upper Cambrian. A similar, but
less diverse trilobite fauna found by Dean and Monod in
the vicinity of Yavsanl› village, about 3 km west of Çal
Tepe, during the 1968 field season has not yet been
described; but it includes Harpides sp., Niobella sp.,
Prospectatrix? sp., Proteuloma cf. geinitzi (Barrande
1868) and Symphysurus? sp., all of which could be latest
Cambrian or earliest Ordovician. No nematophorous
graptolites have yet been found in the region, nor have
the relevant strata yet yielded conodonts, and the level of
the inter-systemic boundary remains problematic. Even
the position of the Acerocare Zone itself can be the
subject of disagreement. Traditionally considered as
topmost Cambrian in its type area of Sweden (review of
zonation in Henningsmoen 1957), the Acerocare Zone
was placed firmly in the lowest Ordovician by Shergold et
al. (1990, p. 24) but was later re-assigned to the highest

Cambrian by Shergold (in Kaesler 1997, p. 308), and the
question remains open. In a discussion of conodonts
potentially useful for defining the boundary, Miller
(1988, p. 355) considered Cordylodus proavus to occur
too early with reference to the graptoloid evidence and
preferred, though with hesitation, to use Cordylodus
lindstromi, a cosmopolitan species in the platform facies
and approximating to the base of the Dictyonema
flabelliforme sociale Zone [now Rhabdinopora
flabelliformis socialis Zone] of the traditional Welsh Basin
Tremadoc.
Systematic Palaeontology
Terminology used here is essentially that found in the
first edition of Volume O of the Treatise on Invertebrate
Paleontology (Harrington et al. in Moore 1959, p. 124),
with subsequent revisions proposed by Whittington &
Kelly (1997, p. 313) in the second edition of the same
work. In particular the glabella now extends from
occipital ring (LO) to frontal glabellar lobe (LA), inclusive,
whilst lateral glabellar lobes (L) and furrows (S) are
numbered successively from rear to front of the
cephalon. A similar notation was advocated by Jaanusson
(1956) and Henningsmoen (1957), with S denoting
sulcus; it should not be confused with the usage by Hupé
(1953b), in which ‘sillons [= furrows] 1, 2’, etc. were
numbered successively from front to rear.
The term sagittal (abbreviation, sag.) denotes
measurements made along the axial line of the trilobite
body; exsagittal (abbreviation, exs. or exsag.) denotes
measurements made parallel to but outside the axial.line.
The use of [sic] (= Latin, thus) indicates that the original
text is being quoted, even though it may not be strictly
correct; for example when the name of a cited taxon is
misspelt or incorrectly derived. Loc. and Locs are
abbreviations for Locality and Localities.
Specimen number prefixes are as follows: NMW,
National Museum of Wales, Cardiff; It, British Museum
(Natural History), London; IRScNB, Institut royal des
Sciences naturelles de Belgique, Brussels. Other material
is in the collection of the Maden Tetkik ve Arama [=
M.T.A.] Genel Müdürlü¤ü, Ankara. The geographic
disposition of localities and the stratigraphic levels of
numbered beds are shown in Figures 4 to 8. Numbers of
specimens collected at the various localities are as follows:
rare (1 to 4), moderately common (5 to 10), abundant
(11 to 20), and very abundant (> 20).
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Family Condylopygidae Raymond 1913
Genus Condylopyge Hawle & Corda 1847

Type Species. Battus Rex Barrande 1846, from the
Middle Cambrian of Bohemia, by monotypy.
Condylopyge matutina sp. nov.
Plate 2 (m)-(o), (s)-(u)

convex, ending posterolaterally in a pair of small spines.
Large, unfurrowed axis tapers gently to the bluntly
rounded tip and its length is about 0.7 that of the
pygidium. It is strongly convex, of humped appearance in
lateral view, stands high above the pleural regions, and
the subcarinate, highest portion carries a small median
node. The flanks and nearly flat border are of almost
equal width (tr.) laterally, but the flanks are slightly
narrower (sag.) behind the axis, where there is a shallow
median furrow.

Derivation of Name. matutina (Latin) = early.
Type Material. Holotype cephalon, NMW.95.34G.382;
paratype pygidium, MW.95.34G.381.
Horizon & Locality. Çal Tepe Formation, black limestone
member; Çal Tepe, Bed II, level c. Rare.
Dimensions. Length of cephalon, 2.1 mm; breadth of
cephalon, 2 mm; length of glabella, 1.6 mm; frontal
breadth of glabella, 1.2 mm. Length of pygidium, 1.7
mm; breadth of pygidium, 2.1 mm; maximum breadth of
axis, 1.1 mm.
Diagnosis. Condylopyge species with anterior glabellar
lobe relatively short [length (sag.) about 0.4 the
breadth], broadly curved in outline; posterior glabellar
lobe about as wide as long, weakly subcarinate, with low
median node. Pygidium subquadrate in outline, length
about 0.8 the maximum breadth; large, unfurrowed,
tapered axis is subcarinate with weakly developed median
node.

Discussion. Closest comparison may be made with
Condylopyge amitina Rushton (1966, p. 29, pl. 4, figs. 112, text-fig. 12), from Nuneaton, central England, which
occurs with a trilobite fauna judged by Rushton to
indicate post-Callavia Biozone and probably late
Protolenus Biozone. The cephalon is of broadly similar
form in both C. amitina and the new species, but the
latter is distinguished by its proportionately shorter,
more broadly rounded anterior glabellar lobe, and the
wider, subcarinate posterior lobe. The presence or
absence of occipital and genal spines in the Turkish
species is not clearly demonstrable. The pygidium of C.
matutina is more quadrate than that of C. amitina, and
both species differ from younger representatives of the
genus in having an almost unfurrowed pygidial axis; the
axis of C. matutina is notably larger and more strongly
convex, the carina and median node are more distinct,
and the flanks are cut by a shallow median furrow behind
the tip.
Family Peronopsidae Westergård 1936
Genus Peronopsis Hawle & Corda 1847

Description. Cephalon about as wide as long, its rounded
frontal margin forming a curve continuous with the
anterior portion of the lateral margin. Glabella, with
length about 0.8 that of the cephalon, is composed of a
broadly rounded anterior lobe and a subquadrate
posterior lobe that terminates in a blunt point just behind
a low median node; well-defined occipital furrow delimits
a diminutive, low occipital ring. Posterior furrow is well
defined and broad (exsag.); posterior border is narrow;
and, as far as can be seen, the genal angle does not carry
a spine.
Pygidium is subrectangular in outline, wider than long
in the ratio 5:4; its posterior margin is gently curved,
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Type Species. Battus integer Beyrich 1845, from the
Middle Cambrian of Bohemia, by monotypy.
Peronopsis fallax fallax (Linnarsson 1869)
Plate 9 (p), (q), (x)
1869 Agnostus fallax Linnarsson, p. 81, pl. 2, figs 54,
55.
1936 Peronopsis fallax (Linnarsson); Westergård, p. 28,
pl. 1, figs 9–15.
1946 Peronopsis fallax (Linnarsson); Westergård, p. 37,
pl. 2, figs 18–24.
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1961 Peronopsis fallax fallax (Linnarsson 1869); Sdzuy,
p. 240, pl. 1, figs 18–22, ?23–25. Includes
synonymy.

Figured Material. It7817, It7819, It7823.
Horizons & Localities. Çal Tepe Formation, red nodular
limestone. Localities at the measured section on the Çal
Tepe: Bed XXXIII, levels a, c; Bed XXXVI, level a; Bed
XXXVII, levels a, b. Localities outside measured section, all
in Bed XXXVII: C.164, C.175, C.214, C.306, C.313.
Hadim area: Ba¤bafl› Section I, Loc. BaI-2; Ba¤bafl› Section
II, Loc. BaII-e4. Rare at all localities.
Description & Discussion. Detailed comparison of the
Turkish material is hindered by its being broken or
distorted, but there is good agreement with Spanish
specimens described by Sdzuy (1961). The form of the
cephalon appears less useful than that of the pygidium in
differentiating Peronopsis species, and pygidia of P. fallax
illustrated by Westergård (1936, 1946) exhibit
considerable variation. It7817 (Plate 9 (x)) and It7819
(Plate 9 (q)) have a median length approximately 0.7 of
the maximum breadth, as does the original of Sdzuy
(1961, pl. 1, fig. 22), but other Turkish and Spanish
pygidia are slightly longer. Swedish pygidia illustrated by
Westergård (1946, pl. 2, figs 19, 21, 23) have the length
0.75 to 0.85 of the maximum breadth, and the border
furrow and border are wider (sag.), though the overall
appearance is similar.
Family Eodiscidae Raymond 1913
Eodiscid genus and species undetermined
Plate 9 (m), (n)

Figured Specimen. NMW.95.34G.424.
Horizon & Locality. Çal Tepe Formation, red nodular
limestone member. Çal Tepe section, Bed XXXIII, level c.
Rare.
Description & Discussion. The fragment now illustrated is
the only eodiscid found among the varied trilobites

collected from the type area of the Çal Tepe Formation.
Only the median portion of the anterior border is
preserved and shows four pairs of thick excrescences,
almost square in outline and separated by wide radial
furrows. Similar structures in Eodiscidae were termed
crenulations by both Rasetti (1952, p. 449) and Rushton
(1966, p. 27), and diminish in size abaxially. The border
furrow is wide (exsag.), rounded in section, and merges
with the median preglabellar furrow. The genal areas are
incomplete but increase in height posterolaterally to
points sited behind a line through the estimated centre of
the glabella, which is not preserved. The surface carries
traces of very fine granulation.
There is a general resemblance to Dawsonia Hartt in
Dawson 1868, the type species of which, D. dawsoni
(Hartt in Dawson 1868), was redescribed by Rasetti
(1952, p. 449; see also Shergold in Kaesler 1997, p.
401). The latter species, from the lower Middle Cambrian
of New Brunswick, eastern Canada, differs from the
Turkish specimen in having smaller crenulations,
separated by narrower, more incised radial furrows, and
the surface of the exoskeleton is more coarsely granulate.

Family Ellipsocephalidae Matthew 1887
Classification of ellipsocephalid and protolenid trilobites is
often unsatisfactory, and in the first edition of the
Treatise on Invertebrate Paleontology (Henningsmoen in
Moore 1959, pp. O207, O210) diagnoses of the families
Ellipsocephalidae and Protolenidae were largely
interchangeable, lending weight to Henningsmoen's
(1951, p. 206) earlier comment that the two are
probably synonymous. Apparent differences include the
presence of up to five pairs of lateral glabellar furrows,
librigenae with or without genal spines, and twelve to
fourteen thoracic segments in the Ellipsocephalidae,
whereas Protolenidae may have up to four pairs of lateral
glabellar furrows, twenty-five thoracic segments, and
librigenae with genal spines. Such criteria are often
almost impossible to apply, particularly when
exoskeletons are disarticulated and tectonically deformed.
Several, at least, of the numerous genera proposed by
Hupé (1953a) have since been accorded subgeneric rank
or placed in synonymy, and a pragmatic classification by
Sdzuy (1961) did not recognise any subfamilies within
the Protolenidae. In discussing the systematic position of
Strenuella (Myopsostrenua) Rushton (1966, p. 37)
assigned the subgenus to the ellipsocephalids and
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excluded it from the protolenids because: the anterior
branches of the facial suture do not diverge, the
(anterior) border furrow and palpebral furrows are not
incised, and there is no discontinuity between the eye
(presumably palpebral lobe) and the eye ridge. Published
illustrations, often including outline drawing restorations,
suggest that the anterior branch of the facial suture may
be weakly or strongly divergent in protolenids, and from
weakly divergent to moderately convergent in
ellipsocephalids. In both groups, each confluent palpebral
lobe and eye ridge may be gently curved, strongly curved
or angulate in plan; the structure is more likely to be
weakly developed in the ellipsocephalids, but appears to
be of limited use for separating the two families. The
preglabellar field may be broad (sag.) or narrow in both
protolenids and ellipsocephalids, but Rushton's (1966, p.
37) criterion of a "sharply cut" [= incised] anterior border
furrow may be useful in distinguishing protolenid
cranidia, provided that preservation is sufficiently good
for the feature to survive. Judging from Sdzuy's (1961,
figs 16-23) illustrations of ellipsocephalids, the frontal
area may form a continuous, dorsally convex structure on
which the anterior border furrow, if present, is broad
(sag.) and shallow. Bassett et al. (1976, p. 624–626)
rejected rigid use of the parafrontal band in protolenid
classification, as the distinctness of the structure may
vary within a species. Other criteria previously thought
(for example, by Hupé 1953a) to be of importance at
generic or subfamilial level were considered as no more
than specific characters by Bassett et al. (1976), who
followed essentially Sdzuy's (1961) classification. Certain
Turkish specimens from the Çal Tepe Formation show
both variable development of a parafrontal band and
strongly divergent anterior branches of the facial suture
in cranidia that are otherwise of ellipsocephalid type on
the basis of preglabellar field and anterior border. More
recently Geyer (1990b) preferred to use a Family
Ellipsocephalidae,
divided
into
subfamilies
Ellipsocephalinae, Antatlasiinae, Protoleninae and
Strenuellinae, and at least some of his conclusions are
applicable here.
Subfamily Ellipsocephalinae Matthew 1887
Genus Ellipsocephalus Zenker 1833

Type Species. Ellipsocephalus ambiguus Zenker 1833 [a
junior subjective synonym of Trilobites Hoffii Schlotheim
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1823], from the Middle Cambrian of Jince, Bohemia, by
original designation.

Ellipsocephalus sp.
Plate 8 (b), (f), (i)

Figured Specimen. It7824.
Horizon & Locality. Çal Tepe Formation, red nodular
limestone member, Bed XXXVII; Güvercin Tepe, Locality
C.214. Rare.
Description & Discussion. The slightly compressed
internal mould of an incomplete cranidium lacks LO and
the glabella tapers slightly from SO to the rounded LA;
there are traces of S1–S3. The anterior margin, broadly
rounded in plan, shows almost no trace of anterior
border, and the cranidium is 14 mm wide across the
large, sub-semicircular occipital lobes, which pass into
low, wide (exsag.) eye ridges that meet the axial furrows
at or near S3. The anterior area resembles that in
topotypes of Ellipsocephalus hoffii illustrated by S̆najdr
(1958, p. 88, pl. 7, figs 1–8; pl. 8, figs 1–7; text–fig.
14); most of the latter have the sides of the glabella
subparallel and slightly concave, but some, like the
Turkish example, have a slightly tapered outline.
Ellipsocephalid Genus & Species Undetermined
Plate 1 (h)

Figured Specimen. NMW.95.34G.366.
Horizon & Locality. Çal Tepe Formation, black limestone
member. Çal Tepe Section, Bed II, level b. Rare.
Description & Discussion. A fragmentary cranidium has
median length of 11.5 mm (est.), 0.8 of it occupied by
the glabella, with weakly developed, short (tr.) S1–S3,
and subparabolic LA. The anterior margin is transversely
semielliptical in plan, curving strongly backwards distally
to end just inside the line of the palpebral rim; the latter
thickens posteriorly, is gently curved in plan, and its
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length is slightly less than one-third that of the cranidium.
Palpebral area wide (estimated as about two-thirds the
adjacent glabellar width), and eye ridge is indicated by
indistinct swelling of low convexity. Anterior branch of
facial suture almost straight as far as border furrow,
where it turns sharply forwards in an even curve to meet
the frontal margin in-line with the axial furrow. Anterior
border furrow broad, shallow at facial suture, but then
almost indiscernible, although visible in the photograph.
Anterior border forms low, thickened rim, and flat
preglabellar field is narrow (sag.), about one-third (sag.)
of anterior area.

Genus Alueva Sdzuy 1961

Type Species. Alueva undulata Sdzuy 1961, from the late
Lower Cambrian of northern Spain, by original
designation.
Alueva venulosa sp. nov.
Plate 1 (a)-(g), (i), (j), (n)-(q)

Derivation of Name. venulosa (Latin) = veined, for the
caecal venation on the preglabellar and preocular fields.
Diagnosis. Alueva species with deep, almost transverse
S1–S3 and large, well-defined L0; interocular area as
wide (tr.) as, or wider than, adjacent part of glabella; low
ridge extends from immediately inside anterior end of
palpebral lobe almost to LA, where parafrontal band may
be developed; low baccula may be present opposite L1;
most of cranidial surface is finely granulose, and welldeveloped caecal venation covers rear half of preglabellar
and preocular fields.
Type Material. Holotype cranidium, NMW.95.34G.361;
paratype cranidia, NMW.95.34G.362 to 365, and 367 to
372.
Horizons & Localities. Çal Tepe Formation, black
limestone member, Çal Tepe Section. Holotype and
paratypes NMW.95.34G.362 and 363 from Bed VI,
Locality C.689; remaining paratypes from Beds I

(Localities C.690, C.728), II (Locality C.687), VII (Locality
C.526), VIII (level a) and X (level a). Rare at all localities.
Questionably present in Bed II (level c) and Bed III (level
a). Moderately common.

Dimensions of Holotype. Sagittal length, 22 mm (est.);
maximum breadth, 27 mm (estimated); length of
glabella, 18 mm; breadth of glabella at S0, 9 mm.
Description. The cranidium is about 1.2 times broader
than long, strongly convex, especially longitudinally, and
the anterior area declines steeply to the rounded frontal
margin. Glabella about twice as broad as long, with
straight sides converging at almost 20° to the
subparabolic LA, which is less well defined at the sagittal
line. Subequal L1–L3 present; straight, sharply incised
S1–S3 run very slightly forwards to well-defined axial
furrow; some specimens show S1–S3 apparently
continuous across sagittal line, but this may be due to
compression. Large LO occupies about 0.2 of glabellar
length, delimited by transversely straight SO that is
slightly shallower medially; its posterior margin is
straight over median half but turns sharply forwards
distally to pair of small, weakly defined occipital lobes.
Palpebral area as wide as glabella at L2, and gently
arcuate, flat palpebral rim has length about 0.4 that of
glabella. Just inside palpebral rim a low, presumed eye
ridge extends towards LA and becomes swollen at axial
furrow immediately in front of S3. Certain cranidia (Plate
1 (q)) show a parafrontal band that is less distinct
medially, and some (Plate 1 (g), (o), (p)) have a paired
swollen area on the fixigena opposite L1 that may
represent an ill-defined baccula. Anterior border forms
narrow (sag.), distinct rim around gently convex,
combined preglabellar and preocular areas; the latter are
divided into subequal halves, of which the anterior is the
smaller, by a line that marks a small break in slope; the
area in front of the line is finely granulose, but that
behind it carries well-developed, radiating and
anastomosing caecal venation. Anterior branch of facial
suture is strongly arcuate, so that frontal area ends
longitudinally in-line with palpebral rim; short, almost
straight posterior branch is directed strongly backwards
to posterior border that is very narrow (exsag.) at axial
furrow and widens gently abaxially. Excluding posterior
half of preglabellar and preocular areas, surface of
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exoskeleton is covered with granulation which may
extend into the furrows and becomes coarser on the
highest part of the glabella.

Discussion. The type species, Alueva undulata Sdzuy
(1961, p. 584, pl. 13, figs 9–12; text-fig. 22), was
founded on slightly distorted, compressed specimens
which resemble the present material in the form of the
glabella, the gently arcuate palpebral lobe, and in
particular the convex preglabellar and preocular areas.
The Spanish species appears to differ in having a
noticeably wider (sag.) anterior border, bounded by a
border furrow that is wider and deeper, and there is an
apparent lack of both bacculae and parafrontal band.
Sdzuy's illustrations show no clear subdivision of the
preglabellar field into anterior and posterior halves, and
no sign of caecal venation, but the apparent absence of
these features may reflect incomplete preservation.
Genus Ornamentaspis Geyer 1990b

Type Species. Ornamentaspis frequens Geyer 1990b,
from the Lower Cambrian of Morocco, by original
designation.

ridges. Similar ridges and LO of comparable form are
seen in Ornamentaspis angustigena Geyer (1990b, p.
132, and especially pl. 28, fig. 11) from Morocco, but the
latter species has a longer anterior area and the axial
furrows appear slightly concave abaxially in dorsal view.
Generally similar, but still coarser ornamentation occurs
in Ornamentaspis? kissanensis Geyer (1990b, p. 144,
and especially pl. 33, fig. 1), in which LO is notably
smaller. In Bohemia Ornamentaspis lepida Fatka et al.
(1992, p. 89, pl. 2, figs 1–6) was based on abundant but
poorly preserved material from the Jince Formation,
lowest Middle Cambrian, that is difficult to compare
satisfactorily. According to Westrop & Landing (2000, p.
865), Kingaspidoides (see later) represents an
intermediate grade of effacement (of surface sculpture
and furrows) that overlaps with Ornamentaspis, and they
pointed out that a strongly effaced genus such as
Kingaspis may retain coarse terrace ridges along the
margins of LO.

Genus Alanisia Hupé, 1953a

Type Species. Camaraspis guillermoi R. & E. Richter
1940, from the Lower Cambrian of Spain, by original
designation.

Ornamentaspis? sp.

Alanisia? cf. hastata Sdzuy 1958

Plate 3 (a)-(d), (f)

Plate 4 (s)

Figured Specimen. NMW.95.34G.383.

cf. 1958 Alanisia hastata Sdzuy, p. 239, pl. 1, fig. 14.

Horizon & Locality. Çal Tepe Formation, black limestone
member. Çal Tepe Section, Bed I, Locality C.728. Rare.

cf. 1961 Alanisia hastata Sdzuy, 1958; Sdzuy, p. 303, pl.
13, figs 13–16; pl. 14, figs 1–7; pl. 16, fig. 17; text-fig.
23.

Description & Discussion. A single, incomplete, slightly
deformed cranidium has the glabella broadly rounded
frontally, subparallel-sided, bounded by axial furrows that
shallow medially. Anterior cranidial margin forms a broad
arc, and distal portion of anterior area carries a narrow
band ornamented with fine, anastomosing terrace ridges.
LO is produced to form a large, inclined spine (Plate 3
(a)), the surface of which, together with that of at least
hindmost part of central area in front of broad (sag.),
shallow SO, is covered with conspicuous, anastomosing
24

cf. 1986 Alueva hastata Sdzuy, 1958; Liñán & Gozalo, p.
49, pl. 9, figs 1–11.

Figured Specimens. NMW.95.34G.394a and b.
Horizons & Localities. Çal Tepe Formation, light-grey
limestone member. Çal Tepe section, Bed XV, Locality
C.525; questionably Bed XIV, Locality C.663; and Bed
XVII, level b. Rare in all cases.
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Description & Discussion. The poorly preserved Turkish
cranidia are superficially similar to that of Alueva
venulosa, especially in glabellar outline, long (sag.)
preglabellar field and narrow (sag.) anterior border. A.
hastata is distinguished by the low convexity of the
cranidium, weak development or absence of S1–S3, less
conspicuous LO, narrow eye ridge that meets the axial
furrow at almost a right-angle, and the undivided, almost
flat preglabellar field, circumscribed by a low, narrow,
weakly defined anterior border. Sdzuy's (1958) original
illustration of the holotype of A. hastata showed LO to be
almost uniformly wide (sag.), whereas in the present
specimens it is notably wider medially; other cranidia
illustrated later by Sdzuy (1961, pl. 14, figs 6, 7) show
only slight widening. Other minor differences are the
better-defined palpebral lobe and eye ridge of the Turkish
specimens.
Illustrations of the type species of Alanisia (Hupé
1953a, fig. 56.10; Henningsmoen in Moore 1959, fig.
149.2) show the front of the cranidium very broadly
rounded, the unfurrowed glabella trapezoidal in outline,
the eye ridge and palpebral lobe conspicuously thick, and
LO with a stout occipital spine. It is therefore questionable
whether A. hastata belongs to the genus. On the other
hand, the species does not fit easily into Alueva (as used
by Liñán & Gozalo 1986; see synonymy, above), in which
the wide (sag.), brim-like anterior border is bounded by
a wide, rounded anterior border furrow that delimits the
convex preglabellar and preocular fields. In Spain, A.
hastata was shown by Sdzuy (1971b, table 1) to range
from
the
base
of
the
Acadoparadoxides
(Acadoparadoxides) mureroensis Biozone into the
Conocoryphe ovata Biozone. At the Çal Tepe, comparable
material has so far been found only in the lowest Middle
Cambrian, corresponding to the Acado. (Acado.)
mureroensis Biozone and, questionably, immediately
above it.

Genus Proampyx Frech 1897

Type Species. Proetus? difformis var. acuminatus Angelin
1851, from the upper Middle Cambrian of Sweden, by
original designation. Proampyx was placed in synonymy
with Agraulos by Westergård (1953, p. 3) and by
Henningsmoen (in Moore 1959, p. O278), but its
separate status was maintained by Sdzuy (1966, p. 68)

and by Ahlberg & Bergström (1978, p. 22). The genus
was assigned to the Agraulidae by Westergård (1953, p.
3), to the Acrocephalitidae by Sdzuy (1966, p. 67), and
to the Ellipsocephalinae by Ahlberg & Bergström (1978),
who are provisionally followed here and who included
species both with and without frontal spine.

Proampyx sp.
Plate 9 (v), (w)

Figured Specimen. NMW.95.34G.427.
Horizon & Locality. Çal Tepe Formation, red nodular
limestone member. Çal Tepe Section, Bed XXXIII, level b.
Rare.
Dimensions of Cranidium. Median length, excluding
frontal spine, 9.5 mm (estimated); basal breadth, 13 mm
(estimated); overall breadth (tr.) of anterior area, 11
mm; length of glabella, 6 mm; basal breadth of glabella,
5 mm (estimated); distance across palpebral lobes, 12
mm (estimated).
Description & Discussion. A single, incomplete cranidium
is the sole representative of a genus that ranges from
upper Lower to upper Middle Cambrian in Sweden.
Glabella trapezoidal, almost as wide as long (estimated),
with unequal L1–L3 delimited by faint, short (tr.),
straight S1–S3. Fixigena relatively broad (tr.), and
palpebral area about 0.75 the adjacent breadth of the
glabella. Convex eye lobe occupies little more than onethird the glabellar length (from S1 to L3). Preglabellar
field slightly convex, its median breadth (sag.) about onethird the length of the glabella; it is separated from the
low, rounded anterior border by a broad (exsag.) anterior
border furrow which almost dies out frontally. Anterior
border produced to form a stout frontal spine,
subelliptical in cross-section, 5 mm of which remain; no
evidence of median ridge on spine, but the latter's
convexity persists across the preglabellar field and breaks
the continuity of the anterior border furrow. Trace of
median glabellar ridge. Anterior branch of facial suture
runs forwards in gentle, abaxially convex curve to cut
anterior margin just inside longitudinal line through
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palpebral furrow; short posterior branch turns strongly
backwards to cut posterior margin short distance outside
line through palpebral rim. Little remains of surface
ornamentation, but fine pitting is visible on right
librigena.
The Turkish cranidium does not match any described
species (see Westergård 1953; Sdzuy 1966; Ahlberg &
Bergström 1978) and may be new, but it has much in
common with Proampyx acuminatus (Angelin 1851)
from the Andrarum Limestone (Solenopleura
brachymetopa Biozone) of Scania, redescribed by
Westergård (1953, p. 6, pl. 1, figs 11–15). The Swedish
species has a shorter preglabellar field, especially in
smaller cranidia; the anterior border is less well defined;
the anterior branch of the facial suture is more strongly
divergent forwards; and the overall breadth (tr.) of the
anterior area is greater.

Genus Kingaspis Kobayashi 1935

Type Species. Anomocare campbelli King 1923, from the
Lower Cambrian of the Dead Sea area, Israel, by original
designation. The problems of classification for Kingaspis
were discussed by Rushton & Powell (1998, p. 141) who
placed the genus in the Ellipsocephalinae; Geyer &
Landing (2001, p. 122) assigned it only to the
Ellipsocephalacea; and also described a new species, K.
avalonensis, with a relatively long, slim occipital spine,
from the Braintree area, in the Avalonian portion of
Massachusetts, northeastern U.S.A.
Kingaspis cf. velata Sdzuy 1961
Plate 3 (e), (g)–(j), (l), (m)

Description & Discussion. Sdzuy founded his species on
several cranidia and a librigena from the Lower Cambrian
of Huermeda, Spain. Most of his specimens are slightly
distorted and show some variation in form of glabella and
curvature of anterior margin; S1–S3 visible only on
internal moulds. Cranidia from the Çal Tepe are slightly
distorted but they, too, show almost equally spaced
S1–S3 only on the internal mould; glabellar outline and
breadth of fixigena in particular may be compared with
those of the cranidium in the top right corner of Sdzuy's
pl. 15, fig. 1. Both Turkish and Spanish cranidia show a
weakly developed eye ridge, as does the type material of
K. campbelli (King 1923, p. 511, figs 3, 4a, b; see also
Parnes 1971, pl. 2, figs. 28, 29; Rushton & Powell
1998, figs 21, 23–25). The latter species carries a trace
of median ridge at the front of LA, immediately behind a
small depression in the preglabellar furrow, but material
from the Çal Tepe is insufficiently well preserved to retain
these structures. Turkish cranidia differ also from K.
campbelli in having the anterior margin more strongly
convex forwards, and the anterior half of the glabella is
relatively narrower.
Genus Kingaspidoides Hupé 1953a

Type Species. Kingaspis (Kingaspidoides) armatus [sic]
Hupé (1953a, p. 256) from the Lower Cambrian of
Morocco, by original designation. According to Geyer
(1990b, p. 111) this species is a junior subjective
synonym of Kingaspis (Kingaspis) brevifrons Hupé
(1953a, p. 255), which has page priority.
Kingaspidoides? sp.
Plate 1 (k)

cf. 1961 Kingaspis velatus [sic] Sdzuy, p. 308, pl. 15,
figs 1–8; Figure 18.

Figured Specimen. NMW.95.34G.373.

Figured Specimens. NMW.95.34G.384 and 385a, b.

Horizon & Locality. Çal Tepe Formation, black limestone
member. Çal Tepe Section, Bed I, Locality C.690. Rare.

Horizon & Locality. Çal Tepe Formation, black limestone
member. Çal Tepe Section, Bed XI, level a. Rare.
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Description & Discussion. An incomplete cranidium has
the glabella subparallel-sided, at least 14 mm long, with
ill-defined S1 and S2. SO is weakly developed and deep
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posterior border furrow is set well behind it. Fulcral
sockets possibly present, as suggested by thickening of
posterior border, but masked by fracture of exoskeleton.
Posterior margin of LO is produced to form a stout,
slightly acute spine generally similar to that shown by
Hupé (1953a, pl. 11, fig. 12) for Kingaspidoides
armatus, although the fixigena of the latter species is a
little wider. Spinose occipital ring of Turkish specimen
resembles that in a reconstruction by Hupé (1953a, fig.
56.19), but a latex cast of the holotype of K. armatus
illustrated by Geyer (1990b, pl. 19, fig. 2) shows the
spine shorter and steeper, and SO much better defined.
Sdzuy's (1957, p. 18, Text-fig. 7) reconstruction of
Kingaspidoides frankwaldensis (Wurm 1925) from
Doberlug, Germany, has a short frontal area like the
Turkish specimen and the sides of the glabella are
subparallel.

Subfamily Antatlasiinae Hupé 1953a
Genus Antatlasia Hupé 1953a

Type Species. Antatlasia hollardi Hupé 1953a, from the
Lower Cambrian of Morocco, by original designation.
Antatlasia scabra sp. nov.
Plate 2 (a)–(h)

Derivation of Name. scabra (Latin) = rough, from the
ridges covering the cranidial surface.
Diagnosis. Large Antatlasia species with cranidial surface
(excluding furrows, palpebral lobe and eye ridge)
ornamented with coarse, discontinuous, imbricate ridges.
Anterior area broad (sag.), moderately declined medially,
steeper and narrower abaxially, bluntly pointed in outline,
and separated from glabella by narrow furrow that
deepens and widens (sag.) slightly near sagittal line;
lateral glabellar furrows almost indiscernible but S1–S4
may be present; parafrontal lobe indistinct; large, curved
palpebral lobe has length (sag.) almost two-thirds that of
glabella; it is delimited by deep palpebral furrow and
linked to front of glabella by thick eye ridge; SO shallow,
almost obsolete medially; LO longest (sag.) medially,
where it projects backwards and upwards.

Type Material. Holotype cranidium, NMW.95.34G.376;
paratype cranidium, NMW.95.34G.377.
Horizon & Locality. Çal Tepe Formation, black limestone
member. Çal Tepe Section, Bed IV, Locality C.803. Rare.
An unfigured, poorly preserved cranidium from Bed VII,
level a is listed as Antatlasia? sp. in Figure 4.
Dimensions of Holotype. Length (sag.) of glabella,
approximately 20 mm (est.); frontal breadth of glabella,
13 mm; overall breadth of anterior area of fixigenae, 26
mm; distance across palpebral lobes, 39 mm (est.).
Description & Discussion. Antatlasia hollardi was
proposed and illustrated by Hupé (1953a, p. 208, pl. 6,
figs. 10–13; pl. 7, fig. 11) but not formally diagnosed
and the description was confined to ‘Glabella large; le
rapport largeur-longueur est compris entre 3/4 et 4/5’.
The taxon, arguably valid, was accepted by
Henningsmoen (in Moore 1959, p. O209), who gave a
brief diagnosis. Hupé's original account of the genus
included also Antatlasia bourgini Hupé (1953a, p. 208),
of similar age and said to differ only in the breadth of the
glabella. A. bourgini was considered a synonym of A.
hollardi by Geyer (1990b, p. 71), who provided a new
description and illustrations of the latter, and described
three new species from the upper Lower Cambrian of
Morocco. Anterior area of A. hollardi and A. guttapluviae
Geyer (1990b, p. 71) is wider than that of A. scabra and
just less than half the glabellar length; in both the former
species, as well as in A. tadakoustensis Geyer (1990b, p.
74) and A. gemmea Geyer (1990b, p. 75), the glabellar
outline is more tapered than that of A. scabra, and the
external surface of the cranidium is smooth. In all these
species glabellar lobation is clearly visible on the internal
mould, but not on the external surface. Deep SO of A.
scabra and swelling of the posterior border to form a pair
of possible fulcral sockets are features less noticeable in
illustrations of the Moroccan species.
The striking surface ornamentation in Antatlasia
scabra comprises imbricate ridges, subconcentric around
front of preglabellar area at sagittal line; it is less well
developed on rest of cranidium but is seen immediately in
front of the eye ridge and on at least the frontal part of
the palpebral area and glabella. Similar imbrication is not
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developed on A. hollardi or other species described by
Geyer. Genal caeca on the preglabellar field of A. hollardi
were recorded by Hupé and are visible in his (1953a) pl.
6, fig. 15; Geyer's (1990b) illustrations show them on
the preglabellar field, palpebral and posterior areas of
both A. hollardi and A. guttapluviae. No genal caeca have
been detected on A. scabra, and subdivision of the
anterior area into preglabellar field and anterior border is
not clear, although the internal mould shows a slight
marginal thickening. Weakly developed, narrow (slightly
< 1 mm) band immediately in front of the preglabellar
furrow forms hindmost part of preglabellar area; its faint
convexity and lack of ornamentation suggest that it may
possibly represent a plectrum. High magnification reveals
fine pitting on part of the remaining cranidial border and
fine granules on its internal mould.

Subfamily Strenuellinae Hupé 1953a
Genus Strenuella Matthew 1887

Type Species. Agraulos strenuus Billings 1874, from the
Middle Cambrian of Newfoundland, Canada, by
subsequent designation of Kiaer (1916).
Strenuella? sp.
Plate 3 (k)

Figured Specimen. NMW.95.34G.386.
Horizon & Locality. Çal Tepe Formation, black limestone
member. Çal Tepe Section, Bed X, level a. Rare.

comparison has been made, but the glabellar outline and
form of the fixigena generally resemble those of an
abraded specimen of the type species illustrated by Shaw
(1950, pl. 79, fig. 2). The latter lacks lateral glabellar
furrows, but the glabella of Strenuella (Myopsostrenua)
from the English Midlands figured by Rushton (1966,
text-fig. 14) has weakly developed, transversely straight
S1–S4.

Subfamily Protoleninae R. & E. Richter 1948
Genus Hamatolenus Hupé 1953a

Type species. Hamatolenus continuus Hupé 1953a, from
the Lower Cambrian of Morocco, by original designation.
According to Geyer (1990b) this is a junior subjective
synonym of Protolenus elegans var. marocana Neltner
1938.
Problems of differentiating between the numerous
protolenid genera proposed by Hupé (1953a) were
discussed by Sdzuy (1961), and reviewed by Bassett et al.
(1976, p. 624) and by Geyer (1990b). In general Sdzuy's
classification is followed here, with a number of names
considered as subgenera, or as synonyms, of
Hamatolenus. The systematic usefulness of the
parafrontal band varies; the structure is not always
clearly seen, may be exaggerated by compression, and can
be obliterated in less well-preserved material. Similar
comments apply to the convexity of LA and the flatness of
the preglabellar field, both of which may differ
superficially in mudstone and limestone specimens.

Subgenus Hamatolenus Hupé 1953a

Hamatolenus (Hamatolenus) altifrons sp. nov.
Description & Discussion. A single fragment of cranidium
has the glabella about twice as long as broad, with
straight sides converging at about 15°, and parabolic LA
separated by narrow (sag.) preglabellar field from
partially preserved anterior border. Incomplete LO
bounded by transversely straight, deep SO; subequal
L1–L3 occupy together the median third of the glabella
and are bounded by shallow, apparently transglabellar
S1–S3, but possibly exaggerated by crushing. Surface of
at least the glabella and adaxial part of fixigena is finely
granulose. Eye lobes not preserved. No satisfactory
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Plate 4 (a)-(e), (j)

Derivation of Name. altifrons (Latin) = high front, from
the convexity of the frontal glabellar lobe (LA).
Diagnosis. Cranidium 1.5 times broader than long, with
anterior margin gently and uniformly curved; glabella
about 1.2 times longer than broad, subparabolic in
outline with small ‘step’ at S3; L1–L3 subequal; S1–S3
long (tr.), straight, widely divergent or almost
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transverse; SO deep, straight; LO notably large (about
0.25 length of glabella), its posterior margin strongly
curved forwards distally; occipital tubercle just in front of
centre; anterior border and convex preglabellar field
equally broad (sag.) in large cranidia, separated by
moderately deep, rounded anterior border furrow; LA
stands high above preglabellar field; well-defined,
strongly arcuate palpebral lobe from L1–L3; surface of
exoskeleton apparently smooth.

Type Material. Holotype cranidium, It7800 (Plate 4 (a),
(d), (e)); paratype cranidia, It7802, 7803, It20727,
NMW.95.343G.387.
Horizons & Localities. Çal Tepe Formation, light-grey
limestone member. Çal Tepe Section: Bed XV, level a; Bed
XVI, level a, Locality C.305b (includes holotype);
questionably Bed XVII, level a. Abundant.
Dimensions of Holotype. Sagittal length of cranidium,
10.5 mm; length of glabella, 8.5 mm; basal breadth of
glabella, 7 mm; distance across palpebral lobes, 16.5
mm.
Description & Discussion. In the length of the eye, the
form and size of L1–L3, and the straight, almost
transverse S1–S3, the new species resembles
Hamatolenus continuus Hupé (1953a, pp. 219, 242, pl.
10, figs 9, 12, ?13, text-fig. 48.5), a taxon redescribed
by Geyer (1990b, p. 165) and put in synonymy with H.
(Hamatolenus) marocanus (Neltner 1938). But the
Moroccan trilobite has a proportionately longer glabella
(1.4 times the breadth, compared with 1.2) and its
anterior border is conspicuously wider (sag.). Turkish
cranidia have the preglabellar field well developed
frontally, but in H. (H.) marocanus it almost disappears at
the sagittal line. The eye ridge is slightly thicker near the
axial furrow in larger cranidia of H. (H.) altifrons,
possibly due to their preservation in limestone, and a
trace of parafrontal band is seen immediately adjacent to
S3. Other characters found useful in recognising the new
species are: the low convexity of the glabella, the dorsal
surface of which is almost flat in a small, probably
uncompressed cranidium (Plate 4 (c)); the strongly
convex LA, which declines steeply to the preglabellar field;

and the strongly arcuate outline of the short eye lobe. A
small meraspid? cranidium (Plate 4 (j)) differs from the
largest in having: a proportionately narrower glabella (its
length is > 1.6 times the breadth); wider fixigena in
which the breadth (tr.) of the palpebral area equals that
of the adjacent glabella (compared with 0.7 in the largest
cranidium); thick, conspicuous eye ridge; wide (sag.)
preglabellar field; and almost transglabellar S1–S3.
Geyer's (1990b, p. 336) revised diagnosis of
Hamatolenus stated that the breadth (sag.) of the
preglabellar field does not exceed that of the anterior
border, but the present material suggests that
proportions may change during ontogeny.
Comparison may also be made with H. (Hamatolenus)
ibericus Sdzuy (1958, p. 236, pl. 1, fig. 3; 1961, p. 278,
pl. 11, figs 1–4, text-fig. 11), from the uppermost Lower
Cambrian and lowermost Middle Cambrian of Spain
(Sdzuy 1971b, table 1). The glabella of the Spanish
species is more tapered than that of H. (H.) altifrons;
S1–S3 are less divergent anteriorly; the preglabellar field
is relatively narrower (sag.) and the anterior border
broader; and the eye ridge is much more strongly
developed. Some cranidia illustrated by Sdzuy appear to
show distinct bacculae; only traces of similar structures
are visible on the holotype of H. (H.) altifrons.

Genus Acadolenus Sdzuy 1968

Type species. Acadolenus decorus Sdzuy 1968, from the
Middle Cambrian of Asturias, northern Spain, by original
designation.
Acadolenus? sp.
Plate 4 (r); Plate 8 (a), (c), (e)

Figured Specimens. Two cranidia from the Çal Tepe
Formation: It7825 (Plate 8 (a), (c), (e)), red nodular
limestone member, Bed XXXVII, Locality C.214 at
Güvercin Tepe; NMW.95.34G.393 (Plate 4 (r)), lightgrey limestone member, Bed XXIII, Locality C.660 at the
Çal Tepe. Rare at both localities.
Dimensions. Cranidium, It7825: median length, 16.5 mm
(estimated); basal breadth, 24 mm (estimated); length of
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glabella, 11.5 mm; basal breadth of glabella, 7 mm
(estimated); distance across palpebral lobes, 20 mm.

Description & Discussion. Cranidia of A. decorus Sdzuy
(1968, p. 100, pl. 4, figs 3–18) are characterised by: the
narrow (length = 1.7 times the breadth), gently tapered
glabella with almost equisized L1–L3; strongly divergent
anterior branches of the facial suture; and the
preglabellar ridge linking the glabella with the expanded
(sag.) median portion of the anterior border. Incomplete
cranidium It7825 has the glabella of appropriate form
and, as in A. decorus, the asymmetrically curved palpebral
lobe joins with a low eye ridge that meets the axial
furrow just in front of S3. On the other hand, the
anterior border is less well developed than that of the
Spanish species, and evidence for a preglabellar ridge is
inconclusive. Cranidium NMW.95.34G.393 is only
fragmentary but the glabellar outline, almost straight
S1–S3, and palpebral lobe may be compared with some
of the type material of A. decorus illustrated by Sdzuy
(1968, pl. 4, figs 3, 5). Acadolenus snajdri Fatka &
Kordule (1981, p. 109, pl. 1, figs 1–6), from the lower
Middle Cambrian near Jince, Bohemia, has a wider
interocular area, a larger, more strongly curved palpebral
lobe, and a wider (exsag.) anterior border.
Genus Lusatiops R. & E. Richter 1941

Type Species. Protolenus lusaticus Schwarzbach 1934,
from the Lower Cambrian of Germany, by original
designation.
Lusatiops? sp.
Plate 1 (l)

Figured Specimen. NMW.95.34G.374
Horizon & Locality. Çal Tepe Formation, black limestone
member, Çal Tepe Section, Bed X, level a.
Description & Discussion. The type species was refigured
by Henningsmoen (in Moore 1959, p. 0212, fig. 151.13)
who defined Lusatops briefly as ‘Like Protolenus but
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anterior sections of facial sutures more divergent’. The
genus was discussed further by Sdzuy (1961, p.
565–568) in his description of Lusatiops ribotanus R. &
E. Richter 1948, from the Lower Cambrian (Marianian
Stage; Sdzuy 1971a, table 2) of Spain. Although the
Turkish cranidium is incomplete, it bears a striking
resemblance to that of L. ribotanus shown in Sdzuy’s Pl.
8, figs 13a, b, particularly in the narrow glabellar outline
(length/breadth ratio about 1.6:1) with moderately
divergent, straight, incised S1–S2, and straight SO set
well in front of the posterior border furrow. Evidence for
a parafrontal band is, however, inconclusive, as in the
Spanish material.
Family Ptychopariidae Matthew 1887
Genus Pamphyliaspis gen. nov.

Type Species. Pamphyliaspis nigra gen. et sp. nov.
Derivation of Name. From the ancient province of
Pamphylia, in southwestern Turkey.
Diagnosis. Cranidium small, with median length 0.75 of
basal breadth; glabella slightly longer than wide, with
straight sides converging gently from SO to small, bluntly
rounded LA; L1–L3 unequal, separated by short (tr.), very
shallow S1–S3; SO straight, slightly in front of deep,
narrow posterior border furrow; small, convex eye lobe
sited well back, opposite L2 and anterior half of L1, and
far from axial furrow; prominent, long (tr.) eye ridge
runs from palpebral rim to meet axial furrow just in front
of S3. Anterior area is long (0.3 of cranidial length),
divided into unequal halves by gently curved anterior
border furrow that deepens abaxially but is almost
obsolete over its medial quarter, outside which each half
of the furrow turns sharply towards, but does not attain,
LA. Front of cranidium convex, moderately declined, and
anterior border is notably wider (sag.) medially;
preglabellar field half as wide (sag.) as anterior border;
anterior branch of facial suture traverses anterior border
in long (tr.) curve to meet cranidial margin at acute angle
in-line with front of axial furrow; posterior branch
shorter, moderately curved; posterior border narrow
(exsag.), bounded by deep, almost straight posterior
border furrow. Most of surface finely granulose, and LO
carries small median tubercle.
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Pamphyliaspis nigra sp. nov.

Family Granulariidae Poletaeva in Lermontova 1951

Plate 2 (l), (p), (r), (v)

Genus Granularia Poletaeva in Lermontova 1951

Derivation of Name. Nigra (Latin), black, for the lithology
of the black limestone member.

Type Species. Granularia obrutchevi Poletaeva in
Lermontova 1951, from the upper Lower Cambrian of
the Siberian Platform, by original designation.

Diagnosis. As for genus.
Granularia sp.
Type Material. Holotype cranidium, NMW.95.34G.378
(Plate 2 (l), (r)); paratype cranidium, NMW.95.34G.379
(Plate 2 (p), (v)).
Horizon & Locality. Çal Tepe Formation, black limestone
member; Çal Tepe Section, Bed I, level a. Rare.
Description & Discussion. The cranidium of the new
species is of generalised ptychopariid type but is
distinguished by the manner in which the proximal end of
each half of the border furrow curves backwards. This
feature was described by Lochman (1948, p. 454) as ‘a
marginal furrow with a suggestion of a median inbend’,
and by Öpik (1967, p. 58) as ‘median, posteriorly
directed inbend of the marginal furrow’ to denote the
position of a plectrum in certain Australian Middle
Cambrian trilobites; the same structure may be present in
Pamphyliaspis. The Turkish genus agrees closely with
Rasetti’s (in Moore 1959, p. O235) diagnosis of the
ptychopariid subfamily Antagminae Hupé 1953, including
‘border furrow with tendency to develop a median
inbend’, and the border furrow of P. nigra is comparable
with that of species of the Lower to Middle Cambrian
genus Syspacephalus (Rasetti in Moore 1959, fig. 171;
see also Rasetti 1951, pl. 8, figs 11–19)
An incomplete cranidium (NMW.95.34G.380) from
the black limestone member, Bed VII, level a, at the Çal
Tepe Section, is shown here as Pamphyliaspis? sp. (Plate
2 (q)). The ‘median inbend’ of the border furrow is
clearly visible but the anterior border, particularly its
frontal half, is relatively wider (sag.) than that of P. nigra,
the anterior half of the fixigena is notably larger, the eye
ridge is more weakly developed, and the eye lobe is set
further back. The species is probably new, but more
material is needed.

Plate 4 (f), (l)

Figured Specimens. Cranidia It8132 and It8133.
Horizon & Locality. Çal Tepe Formation, light-grey
limestone member, Bed XXV. Çal Tepe Section, Locality
C.183. Rare.
Description & Discussion. Granularia has a very
distinctive, clavate glabellar outline that expands forwards
to the large LA; the latter here occupies about 0.4 the
glabellar length and its lateral margins are almost
straight. S1–S4 are well defined and S1 is deep,
transglabellar; S2 cuts the axial furrow, but S3 and S4
may or may not do so, and illustrations of G. obrutchevi
by Egorova & Savitskii (1969, pl. 35, figs 1–8) exhibit
both conditions. The more complete of the Turkish
specimens (Plate 4 (f)) shows S1 and S2 deep and well
defined, whilst S3 is broad (exsag.) and deep adaxially but
shallows before meeting the axial furrow; only a shallow
depression indicates the position of S4. The relatively
narrow, only slightly expanded glabella is less clavate than
that of G. obrutchevi and is better compared with
Granularia limbata Hajrullina in Repina et al. (1975, p.
160, pl. 25, figs 7–15) from the Middle Cambrian,
Pseudanomocarina Zone of southern Tyan-Shan. Traces
of the left palpebral lobe and eye ridge in Plate 4 (f)
correspond in position to those of G. limbata.
Family Paradoxididae Hawle & Corda 1847
Subfamily Paradoxidinae Hawle & Corda 1847
Genus Acadoparadoxides ˘Snajdr 1957

Type Species. Paradoxides Sacheri Barrande 1852, from
the Middle Cambrian of Bohemia, by original designation.
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Subgenus Acadoparadoxides ˘Snajdr 1957

Figured Specimens. It7808, It7809, It7812; NMW.
95.34G.395–397, 400–402.

Description & Discussion. Acado. (Acado.) mureroensis
belongs to a group of early Middle Cambrian species in
which the glabella (when uncrushed) has almost straight,
gently divergent sides, a broadly rounded LA, and well
defined S1–S2 (sometimes with both furrows
transglabellar); the palpebral lobe is strongly developed
from about S3 to SO, and the combined palpebral and
posterior areas of the fixigena are relatively small, with a
maximum breadth (tr.) less than half that of the adjacent
part of the glabella. Other members of the group include:
Paradoxides
oelandicus
Sjögren
1872,
P.
quadrimucronatus Westergård 1936, and P. bidentatus
Westergård 1936, all of which were reviewed by
Westergård (1936, pp. 33–36) and assigned by S̆najdr
(1986) to a new subgenus Acadoparadoxides
(Baltoparadoxides). Another Swedish form, Paradoxides
pinus Westergård (1936, p. 49), is closely comparable
with mureroensis, but differs in the less projecting
anterior margin of the hypostome and in the pygidial
outline, which is widest further forwards and has a longer
postaxial region with indented margin. Cranidia of all
these may be difficult to separate, and the apparently
strong convexity shown by Turkish specimens preserved
in limestone compared with those in shale may not be
significant. Acado. (Baltoparadoxides) is distinguished
mainly on the spines (up to three inequisized pairs) along
the posterior margin of the pygidium. Paradoxides
mureroensis has recently been referred to Eoparadoxides
Soloviev 1969 by Gozalo et al. (1993) and by Sdzuy et al.
(1999; see synonymy above). Eoparadoxides was
introduced as a subgenus of Paradoxides by Soloviev
(1969, p. 16) and applied in particular to material from
northern Yakutia, Siberia. Nevertheless the designated
type species remains Paradoxides Harlani Green (1834,
p. 335), from Massachusetts, U.S.A., which has been
assigned, for example by Bengtson & Fletcher (1983) and
by Dean & Rushton (in Kaesler 1997, p. 472) to Acado.
(Acadoparadoxides), typical of, and widespread in, periGondwanan and Scandinavian faunas. The species has also
been redescribed and discussed by Geyer & Landing
(2001, p. 124).

Horizons & Localities. Çal Tepe Formation, light-grey
limestone member. Çal Tepe Section: Bed XV, level a; Bed
XVI, levels a, c, Localities C.305b, C.524; Bed XVII, level
a; questionably, Bed XVI, Locality C.662. Rare at all
localities.

Cranidia of Acado. (Acado.) mureroensis illustrated by
Sdzuy (1958, 1961) show no obvious ornamentation but
one hypostome (Sdzuy 1961, pl. 16, fig. 15) exhibits a
clear Bertillon pattern of ridges on the anterior lobe of
the middle body. Similar ridges are visible on a large
hypostome from the Çal Tepe (Plate 5 (h), (i), (l)), but

Acadoparadoxides (Acadoparadoxides)
mureroensis (Sdzuy 1958)
Plate 5 (a)–(p)

1958 Paradoxides mureroensis Sdzuy, p. 239, pl. 1,
figs 12, 13.
1961 Paradoxides mureroensis Sdzuy 1958; Sdzuy, p.
317, pl. 11, fig. 6; pl. 16, figs 2–17; pl. 17, figs
1–5; text-fig. 24.
?1969 Paradoxides (Eccaparadoxides) mureroensis
Sdzuy 1958; Repina, p. 17, pl. 1, figs 8, 9, Textfig. 4.
1986 Paradoxides (Acadoparadoxides) mureroensis
Sdzuy 1958; Liñán & Gozalo, p. 51, pl. 11, figs
1–3. Includes synonymy.
1993 Acadoparadoxides sp. Dean et al., Plate, fig. 18.
1993 Paradoxides (Acadoparadoxides) mureroensis;
Liñán et al., p. 828.
1993 Paradoxides (Acadoparadoxides) mureroensis
Sdzuy 1958; Gozalo et al., p. 223, pl. 1, figs
1–7. Includes synonymy.
1993 Paradoxides (Acadoparadoxides) mureroensis
Sdzuy 1958; Alvaro et al., p. 46, pl. 1, fig. 7.
1994 Acadoparadoxides
(Acadoparadoxides)
mureroensis (Sdzuy 1958); Dean & Özgül, p. 11,
pl. 1, figs 4, 7, 8, 16?; pl. 2, figs 4, 7–10,
12–14, 16–18.
1999 Eoparadoxides mureroensis; Sdzuy et al., pp.
39–42, fig. 5.
2001 Paradoxides (Acadoparadoxides) mureroensis
Sdzuy 1958; Geyer & Landing, p. 128.
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not on less well-preserved cranidia from the same
locality. The same Turkish hypostome is highly convex,
dominated by the very large anterior lobe of the middle
body, and the posterolateral spine, although incomplete,
is clearly visible. None of the librigenae from the Çal Tepe
is sufficiently complete to show clearly the inner genal
angle seen in Sdzuy 1961, pl. 16, fig. 12.
All the Spanish pygidia described by Sdzuy (1961, pl.
17, figs 1–5) are distorted to some degree, but the best
preserved resembles the single available Turkish specimen
(Plate 5 (p)), in which the length, excluding articulating
half-ring, slightly exceeds the maximum breadth, attained
opposite the tip of the long axis. The axis occupies the
greater part of the pygidium and is flanked by narrow
(tr.) pleural regions which widen only slightly rearwards
and are bounded anterolaterally by long, straight facets,
gently convergent forwards. Poorly preserved cranidia
from Tuva, Siberia, assigned to the species by Repina
(1969) are included here only questionably; they are
compressed and sheared, and the palpebral lobe and area
are not clearly seen.

border is arched in plan, indented by LA, and does not
extend laterally as far as the line of the palpebral rim;
preocular area very small, triangular. Glabellar
proportions differ little from Acado. (Acadoparadoxides)
mureroensis, and the combined length (sag.) of S3–S4
and LA is just over 0.5 that of glabella, compared with
about 0.6; but the palpebral lobe of the Turkish
specimens is larger, the palpebral area is notably wider
(tr.), and the anterior area is narrower (tr.) and smaller.
Similar comments apply to larger cranidia of Acado.
(Acadoparadoxides) pinus (Westergård 1936, p. 38, pls
4–6), from the lower Middle Cambrian of Sweden, but
smaller examples of the latter species have the almost
semicircular palpebral lobe still larger, and the anterior
branch of the facial suture less divergent.
Genus Eccaparadoxides ˘Snajdr 1957

Type Species. Paradoxides pusillus Barrande 1846, from
the Middle Cambrian of Bohemia, by original designation.

Acadoparadoxides (Acadoparadoxides) sp.

Eccaparadoxides marginatus sp. nov.

Plate 6 (i), (j), (m), (p)

Plate 10 (a)–(t)

Figured Specimens. NMW.95.34G.405 and 406.
Horizon & Localities. Çal Tepe Formation, light-grey
limestone member. Çal Tepe Section, Bed XXV, level a and
Locality C.520; questionably Bed XXI, level a. Rare in all
cases.
Description and Discussion. Paradoxidids are rare and
mostly fragmentary in the light-grey limestone member.
In the two best-preserved cranidia the glabellar outline,
like that of Acado. (Acado.) mureroensis, has almost
straight sides diverging slightly to the broadly subelliptical
LA. L1 and L2 are equisized, and the deep S1 and S2
become shallower medially; S3 and S4 barely visible.
Palpebral area narrow (0.5 of glabellar breadth at S1);
large palpebral rim is continuous with thick eye ridge,
which meets axial furrow opposite L4, and ends almost at
deep posterior border furrow that is set behind line
through transversely straight SO. Low, convex anterior

Derivation of Name. marginatus (Latin) = furnished with
a rim, referring to the form of the cephalic border.
Diagnosis. Eccaparadoxides species with anterior margin
of cranidium gently curved in plan, and anterior border
uniformly narrow (sag.); anterior area of fixigena extends
abaxially in-line, or almost in-line, with palpebral rim;
anterior field large, triangular; LA subparabolic in plan,
narrowing sharply in front of L4; palpebral lobe large,
long, from middle of S4 to SO, with conspicuous, wide
(tr.) palpebral rim bounded by shallow palpebral furrow;
no caecal venation seen on palpebral area; and weakly
developed baccula may be present. Hypostome
subrectangular in outline, with breadth about 0.8 of
median length; anterior wing small; posterolateral margin
rounded, with no clear evidence of spine. Pygidium
quadrate, widest opposite or slightly behind tip of
triangular axis; postaxial region flat to slightly concave;
posterior margin transverse or with small median
indentation.
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Type Material. Holotype cranidium, It7866 (Plate 10 (c),
(f)), from Locality C.175; paratypes, It7849, It7850,
It7852 to It7855, It7861, It7863, It7864, It7870.
Horizons & Localities. Çal Tepe Formation, red nodular
limestone member. Çal Tepe section: Bed XXVI, levels a,
b?; Bed XXVIII, level a; Bed XXX, levels a, b; Bed XXXI,
level a?; Bed XXXIII, levels a, b, c; Bed XXXVI, level a; Bed
XXXVII, levels a, c. Güvercin Tepe: Bed XXXVII, Locs.
C.214, C.307. Unnamed hill southeast of Güvercin Tepe:
Bed XXXVII, Localities C.175, C.313. Ba¤bafl› I and II
sections; see Figure 8 for several levels throughout the
upper half of the red nodular limestone member.
Moderately common at C.175, rare elsewhere.
Description & Discussion. The new species is distinguished
particularly by: (i) the very large eye lobe and only weakly
developed palpebral furrow; (ii) the often subpentagonal
glabellar outline; and (iii) the rim-like anterior border
circumscribing the large anterior field. The general
resemblance to Eccaparadoxides pusillus (see S̆najdr
1958, p. 116) is evident but E. marginatus differs in its
more gently arcuate frontal margin, the uniformly
narrow (sag.) anterior border, the subpentagonal
glabellar outline, the notably longer (tr.) anterior area of
the fixigena, and the larger, triangular anterior field. The
librigena (Plate 10 (s)) is incompletely known but shows
a sharply defined, narrow lateral border that meets the
gently curved, even narrower (exsag.) posterior border at
almost a right-angle.
Eccaparadoxides rouvillei (Miquel 1905), from the
Montagne Noire, southern France, and redescribed by
Courtessole (1973, p. 124), also has a smaller anterior
area than the new species; in particular the palpebral rim
is narrow, sharply defined, and the palpebral area is
conspicuously ornamented with anastomosing caecal
venation. These features, exaggerated by compression in
mudstone, are still more clearly developed, as are S3–S4,
in Spanish material illustrated by Sdzuy (1961, pl. 17,
figs 6–13). The hypostome has not yet been described.
The pygidium apparently has a broader, more strongly
tapered axis and the posterior margin is less truncate,
with no clear posterolateral angulation.
The hypostome of E. marginatus (Plate 10 (g), (k),
(o)), if correctly assigned, has an outline that is unusually
subquadrate for the genus. Although incomplete, the
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anterior wings are apparently very small, while the
posterolateral margin is entire, with weakly developed
border and no evidence of a spine. The thin exoskeleton
is partly missing, but both external surface and internal
mould show the Bertillon pattern of thin ridges typical of
many paradoxidids.

Paradoxidid Genus & Species Undetermined
Plate 6 (o)

Figured Specimen. NMW.95.34G.407.
Horizon & Locality. Çal Tepe Formation, light-grey
limestone member. Çal Tepe Section, Bed XIII, level a.
Description & Discussion. Even fragmentary fossils are
rare in the basal metre or so of the light-grey limestone
member, and the partial external mould of a paradoxidid
pygidium is of interest as it pre-dates the lowest
confirmed occurrence of Acado. (Acadoparadoxides)
mureroensis. With estimated median length (excluding
the large, well-defined articulating half-ring) and overall
breadth of 5 mm and 6 mm respectively, the pygidium is
strongly convex and its large, subparabolic axis stands
high above the slightly concave, conjoined pleural regions.
The posterior margin is estimated to have been bluntly
rounded, and the lateral margin is abaxially convex with
the articulating facet directed strongly backwards. The
axis occupies about half (est.) the overall length and its tip
is clearly defined; a single axial ring is delimited only
abaxially by a transversely straight ring furrow.
Although insufficient for detailed comparison, the
specimen is proportionately wider than the pygidium of
Acado. (Acado.) mureroensis and the axis is relatively
shorter. A pygidium of Paradoxides sjoegreni Linnarsson
1877 illustrated by Westergård (1936, pl. 9, fig. 6)
resembles the Turkish specimen in its blunt posterior
margin, rounded sides, and the partially defined single
axial ring, but differs in the slightly longer post-axial
structure, on which the confluent pleural fields are visible.
The Swedish species is probably referable to Acado.
(Acadoparadoxides) and occurs in both the
Eccaparadoxides insularis and Acado. (Acado.) pinus
zones, particularly the former, of the Acado.
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(Baltoparadoxides) oelandicus ‘Stage’, so that its age is
probably not very different from that of the Turkish
pygidium.
Family Dorypygidae Kobayashi 1935
Genus Dorypyge Dames 1883

Type Species. Dorypyge richthofeni Dames 1883, from
the Middle Cambrian of Shandong, north China, by
original designation.
Dorypyge fimbriata n. sp.
Plate 4 (k), (m)–(q)

Derivation of Name. fimbriata (Latin), fringed; from the
pygidial marginal spines.
Diagnosis. Dorypyge species with pygidium (excluding
marginal spines) transversely subelliptical in outline,
about twice as wide as long; axis with three well-defined
rings and a fourth weakly developed. Five pairs of
marginal spines present, the first three pairs moderately
long, the fourth pair larger, and the fifth pair very small.
Surface of exoskeleton finely granulose.
Type Material. Holotype pygidium, NMW.95.34G.390
(Plate 4 (n)); paratypes, NMW.95.34G.388, 389, 391
and 392. All specimens are from the Çal Tepe Formation,
light-grey limestone member, Locality C.658 in the
lowest part of Bed XXV at the Çal Tepe. Moderately
abundant. The species is questionably present at Locality
C.183, slightly higher in Bed XXV.
Dimensions of Holotype. Maximum breadth, 13.5 mm
(estimated); median length, excluding marginal spines,
6.5 mm (estimated); length of axis, 5.5 mm (estimated);
frontal breadth of axis, 3.5 mm (estimated).
Description. Two incomplete cranidia are strongly convex,
and the straight sides of the glabella diverge forwards
slightly to the broadly rounded LA, which is bounded by a
low, narrow (sag.) anterior border. No lateral glabellar

furrows are visible and SO is transversely straight,
shallowest medially; LO carries a long, stout median
spine, inclined posteriorly. The partly preserved fixigena
shows the length of the palpebral lobe equal to about half
the distance from SO to the front of the glabella.
The tapered pygidial axis is relatively large, occupying
almost one-third the overall breadth, and the weakly
defined fourth axial ring is followed in turn by a very
small, parabolic terminal piece, and a postaxial ridge that
extends to the pygidial margin. Each subtriangular pleural
field carries three wide (exsag.) ribs in addition to the
articulating half-rib, separated by deep pleural furrows
that end at a conspicuous, wide border furrow and
narrow border. Of the five pairs of marginal spines on the
holotype, the first three are moderately long (2–3 mm
estimated) and the fourth are slightly larger, though
incomplete; the fifth are very small on the smaller
available pygidium (about 7.5 mm wide excluding spines;
Plate 4 (k)) and almost indiscernible on the holotype. The
incompletely preserved surface of both cranidium and
pygidium is finely granulose.

Discussion. Dorypyge fimbriata differs in several respects
from D. richthofeni, redescribed by Chang & Jell (1987,
p. 58, pl. 12, figs 4–7; pl. 13, figs 1–10; pl. 15, fig. 7),
and is easily distinguished by: (i) the subrectangular
glabellar outline (excluding occipital spine), with no
evidence of lateral glabellar furrows; (ii) the finer
granulose ornamentation; and (iii) the relatively wider
(tr.) pygidium, with five rather than six pairs of marginal
spines. Similar comments apply to Dorypyge aenigma
(Linnarsson 1869; see Westergård 1948, p. 7), from the
higher Middle Cambrian of Sweden. In southeastern
Turkey Dorypyge terneki Dean (1982, p. 12), from
Middle Cambrian strata in the Derik area that post-date
the Solenopleuropsis Biozone, was considered by Chang
& Jell (1987, p. 56) to be a junior synonym of D.
richthofeni. The Spanish species Dorypyge asturiana
Sdzuy (1958, p. 240, pl. 1, figs 6, 7; 1961, p. 335, pl.
22, figs 8–16, text-fig. 31), from the Solenopleuropsis
‘horizon’, differs in its smaller eyes, and the curved sides
and more convex LA; the pygidium has smaller pleural
fields, and the first four pairs of marginal spines decrease
in length from first to fourth, but those of the fifth pair
are the longest. In his classic work on the Middle
Cambrian of southern France Thoral (1935, pp. 61, 70,
76) noted that Miquel had discovered rare Dorypyge nov.
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sp. in the ‘Zone à Conocoryphe levyi’ at Coulouma, but
the material was not described by Miquel or by
Courtessole. Thoral thought the occurrence of particular
interest as he considered Dorypyge characteristic of the
Pacific Province, but the genus is now known to be
widespread in peri-Gondwana. Conocoryphe levyi was
redescribed by Courtessole (1973, p. 199; see also
Courtessole et al. 1988, p. 6) as Bailiella levyi, from
Niveaux D, E and F, that is to say upper Caesaraugustian
in terms of the Spanish succession.
Elsewhere at the Çal Tepe, fragments of Dorypyge
were found in the red nodular limestone member, Bed
XXVI, level a, and Bed XXXIII, level a, but were too poorly
preserved for useful comparison, as was a specimen from
Ba¤bafl› I Section, level BaI-3.

the second of which, at least, has a small median node
sited close to its posterior margin. Blunt terminal piece
merges with a weakly defined, low postaxial ridge.
No confident generic assignment is made, but the
specimen has much in common with Olenoides Meek
1877; the latter has typically four pairs of marginal
spines, but there may be only three pairs, as in O. ternus
Robison (1988, p. 64) from the late Middle Cambrian of
northern Greenland. Comparison may also be made with
Olenoides comptus Repina (in Repina et al. 1975, p. 136,
pl. 18, fig. 4), from the Middle Cambrian of Turkestan –
Alai, in which the pleurae are of similar shape and each
axial ring carries a median node; but the Russian species
has four pairs of marginal spines, as does a broadly
comparable pygidium of Olenoides calvus Lazarenko from
the Middle Cambrian of Kazakhstan illustrated by Ivshin
(1957, pl. 1, fig. 9).

Genus Olenoides Meek 1877
Family Agraulidae Raymond 1913

Type Species. Paradoxides? nevadensis Meek 1877, from
the Middle Cambrian of Nevada, U.S.A., by original
designation.
Olenoides? sp.

Genus Agraulos Hawle & Corda 1847

Type Species. Arion Ceticephalus Barrande 1846, from
the Middle Cambrian of Bohemia, by subsequent
designation of Miller (1889).

Plate 7 (w)

Agraulos sp.
Figured Specimen. It7826.
Horizon & Locality. Çal Tepe Formation, red nodular
limestone member, Bed XXXVII; Güvercin Tepe, Locality
C.214.
Description & Discussion. A single, incomplete, large
pygidium with frontal breadth of about 33 mm
(estimated) has the pleural region composed of three
fused pleurae, the posterior bands of which are produced
to form long, slightly curved marginal spines, directed
backwards. Each pleura is traversed by a broad (exsag.)
pleural furrow that deepens towards, and ends at, the
low, flat border; the contact of adjacent pleurae is
marked by a low, narrow (exsag.) ridge that runs along
the rear margin of each preceding pleura. The gently
tapered axis occupies 0.75 of the median length
(excluding spines) and carries three long (sag.) axial rings,
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Plate 6 (h), (k), (l), (n), (r), (s)

Figured Specimens. It20749, It20750.
Horizon & Locality. Çal Tepe Formation, light-grey
limestone member. Çal Tepe Section, Bed XXV, Locality
C.520. Rare.
Description & Discussion. Two Turkish cranidia are
insufficiently well preserved for detailed comparison, but
the glabella is tapered and unfurrowed, with bluntly
rounded LA; the weakly defined LO has a curved posterior
margin and its length is 0.25 that of the glabella.
Preglabellar area, with breadth (sag.) less than half the
glabellar length (sag.), is divided into a moderately
declined, slightly convex preglabellar field, and weakly
defined, very low anterior border; the small palpebral
lobe is almost in-line with the centre of the glabella.
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Proportions of glabella and preglabellar area generally
resemble those of some Spanish cranidia illustrated by
Sdzuy (1961, pl. 23, especially figs 8, 13) as Agraulos
longicephalus (Hicks 1872), a species described from
south Wales and in need of revision; but see Lake's
(1932, p. 157) account of the type and other Welsh
material. The palpebral lobe in the Turkish specimens is
sited further back than in both A. longicephalus and A.
ceticephalus (see S̆najdr 1958, p. 174, pl. 37, figs 1–13).
Restorations of the cranidium of A. ceticephalus by S̆najdr
(1958, text-fig. 37) and by Henningsmoen (in Moore
1959, fig. 205.1) differ, and the latter resembles more
the present cranidia. Both restorations show a small,
sharp occipital spine not seen either in the Turkish
specimens or in Spanish cranidia of Agraulos spp. figured
by Sdzuy (1961, pls 22, 23).

Family Conocoryphidae Angelin 1854
Genus Conocoryphe Hawle & Corda 1847

Type Species. Trilobites Sulzeri Schlotheim 1823, from
the Middle Cambrian of Jince, Bohemia, by subsequent
designation of Miller (1889).

Junior Subjective Synonym. Couloumania Thoral 1946.
Although maintained as a separate genus in the Treatise
on Invertebrate Paleontology (Poulsen in Moore 1959, p.
O242), Couloumania was considered synonymous with
Conocoryphe by Sdzuy (1961, p. 378) and by
Courtessole (1973, p. 180), who are followed here.

Subgenus Conocoryphe Hawle & Corda 1847

Conocoryphe (Conocoryphe) heberti
Munier-Chalmas & Bergeron in Bergeron 1889
Plate 8 (g), (k)–(m), (o)–(q), (t), (u)

1889 Conocoryphe Heberti Munier-Chalmas & Bergeron
in Bergeron, p. 334, pl. 3, figs 3, 4.
1961 Conocoryphe (Conocoryphe) heberti MunierChalmas & Bergeron 1889 [sic]; Sdzuy, p. 378, pl.
30, figs 1–9, text-fig. 48. Includes synonymy.

1973 Conocoryphe (Conocoryphe) heberti MunierChalmas & Bergeron 1889; Courtessole, p. 181,
pl. 17, figs 10–18; pl. 18, figs 1–18.

Figured Specimens. NMW.95.34G.417 to 419; It7841,
It7843, It7844; unnumbered specimen in M.T.A.
Collection, Ankara.
Horizons & Localities. Çal Tepe Formation, red nodular
limestone member, in which the species may be locally
abundant, represented mainly by cranidia. Çal Tepe
Section, Bed XXXIII, level b and Locality C.685; Güvercin
Tepe, Bed XXXVII, Localities C.214, C.306, C.307;
unnamed hill southeast of Güvercin Tepe, Bed XXXVII,
Locality C.175. Hadim area: Ba¤bafl› I Section, levels BaI1 and BaI-4; Ba¤bafl› II Section, levels BaII-e3, BaII-e4,
BaII-e5 and BaII-e10? A further occurrence at Locality
C.237, on the unnamed hill 1.5 km northwest of the Çal
Tepe (Figure 2), is from a level 4.5 m above the base of
Bed XXXVII in the same member.
Description & Discussion. The Turkish material agrees in
most respects with the often tectonically deformed
specimens from the type area in the Montagne Noire
illustrated by Courtessole (1973). Particularly
noteworthy is the subtriangular outline of the L1 lobes
and the manner in which they coalesce anterolaterally
with L2. Courtessole's (1973, p. 182) description noted
the tendency to form a preglabellar boss on the
preglabellar field. Certain of the present specimens (Plate
8 (k), (o)) show the structure feebly developed, bounded
laterally by shallow depressions that diverge forwards
from the anterolateral angles of the glabella; the
intersection of these depressions and the anterior border
furrow is marked by a pair of transverse (tr.) hollows
which, in some cases (Plate 8 (o), (u)), may be notably
deep and slot-like. Where the exoskeleton of anterior
border and border furrow is preserved, radiating caecal
venation is visible. A small pygidium shows three axial
rings and three and a half pairs of ribs, as described by
Courtessole.
Courtessole's illustrations show what appear to be eye
ridges, described by him (1973, p. 182) as follows: ‘..;
sur certains échantillons déformés, il paraît une fine 'crête
oculaire', granuleuse, qui se dirige, sans l'atteindre, vers
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l'angle génal; cette crête exprime sans doute
l'hétérogénéité du test dans cette région’. The Turkish
material suggests that the ridge is a primary structure
and Clarkson (in Kaesler 1997, p. 130) confirmed that an
eye is present in ‘Conocoryphe oculata’ from southern
France. A thick, transverse eye ridge meets the axial
furrow opposite the hindmost part of LA and curves back
posterolaterally, dying-out well inside the genal angle
without reaching the posterior border furrow. A few
specimens show distinct caecal venation in front of the
eye ridge and similar sculpture may be seen on some
cranidia of Hartella antiqua, also from the red nodular
limestone member.

Hartella antiqua (Thoral 1946)
Plate 9 (d)–(f), (i)–(l)
1946 Ctenocephalus antiquus Thoral, p. 53, pl. 4, fig. 8;
pl. 8, figs 1–7.
1961 Ctenocephalus (Hartella) antiquus Thoral 1946;
Sdzuy, p. 670, pl. 33, figs 7–9. Includes
synonymy.
1973 Ctenocephalus (Harttella) antiquus Thoral 1946;
Courtessole, p. 208, pl. 3, fig. 3; pl. 24, figs
15–19; pl. 25, figs 1–6.
1984 Ctenocephalus (Hartella) antiquus Thoral 1946;
Shergold & Sdzuy, p. 86, pl. 1, figs 6–8.

Genus Hartella Matthew 1885

Type Species. Conocephalites Matthewi Hartt in Dawson
1868, from the Middle Cambrian of New Brunswick,
eastern Canada, by original designation.
Howell (1925, p. 50–53, table IV; in Hayes & Howell
1937) considered Hartella [as Harttella, sic] to merit
generic status, but Poulsen (in Moore 1959, p. O242)
saw it as a junior subjective synonym of Ctenocephalus
Hawle & Corda 1847, based on Ct. Barrandii from the
Middle Cambrian of Bohemia. Matthew's concept of a
separate group was supported by Sdzuy (1961, p. 387),
Hutchinson (1962, p. 95) and Courtessole (1973, p.
207), although they regarded Hartella as a subgenus of
Ctenocephalus. Hutchinson (1962, p. 95) claimed that
‘the steep drop [of the genal surface] to the marginal
furrow’ is lacking in Hartella, but the feature is clearly
seen in the better-preserved Turkish specimens, though it
may be obscured by compression. The absence of a pair
of sharp, curved ridges on the fixigenae suffices to
distinguish Hartella from Ctenocephalus sensu stricto.
Hartella, which appears always at a lower stratigraphic
level than Ctenocephalus, has potential as an index fossil,
having both short vertical range and wide geographic
distribution, not only in the Mediterranean region but
also in Sweden and Wales. In New Brunswick Hayes &
Howell (1937, p. 94) employed a Harttella [sic] matthewi
Zone, and in eastern Newfoundland, Fletcher (in
Bengtson & Fletcher 1983, p. 533) listed a Hartella
assemblage in a table of biostratigraphic subdivisions for
the local Cambrian.
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Figured Specimens. NMW.95.34G.422 and 423; It7871,
It7872.
Horizons & Localities. Çal Tepe Formation, red nodular
limestone member. Çal Tepe Section, Bed XXXVII, levels
b, c and Locality C.164; Güvercin Tepe, Locality C.306;
unnamed hill southeast of Güvercin Tepe, Bed XXXVII,
Locality C.175; Ba¤bafl› II section, Bed BaII-e, level BaIIe4. Moderately abundant at C.175, rare elsewhere.
Description & Discussion. Ctenocephalus antiquus, from
the Montagne Noire, southern France, was redescribed by
Courtessole (1973) as Ct. (Harttella) [sic]. The French
material is more distorted than, but agrees well with,
specimens from the Sultan Da¤ area, some 100 km
northwest of the Çal Tepe, described by Shergold &
Sdzuy (1984) and also with the present material. The
latter shows particularly clearly the almost vertical side of
the fixigena immediately inside the border furrow, and
the absence of a ridge on the dorsal surface of the
fixigena. These comments apply particularly to large
cranidia, up to about 14 mm wide; smaller examples,
such as Plate 9 (k), with a breadth of only 6 mm, have a
less-tapered glabellar outline, and a weakly developed
transglabellar S1 may be present. The abaxial extremity
of L1 merges with the adjacent fixigena, where a low
swelling (?baccula) is sometimes seen, surmounted by an
isolated tubercle. The genal surface, like that of the
glabella, is covered with small, closely spaced tubercles
which become still more densely crowded anteriorly, in
front of a faint eye ridge that is not always visible.
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Ctenocephalus terranovicus Resser (1937, p. 41, pl.
7, figs 13, 16, 17), from the lower Middle Cambrian of
eastern Newfoundland, was referred, appropriately, to
Ct. (Hartella) by Hutchinson (1962, p. 95, pl. 12, figs
13–17). More recently the species was reillustrated
(Martin & Dean 1988, p. 20, pl. 2, figs 1, 2, 4–6, 8, 10)
as Hartella terranovica and found to have a restricted
range within the Ptychagnostus gibbus Biozone. Some
cranidia of H. terranovica, like those of H. antiqua noted
above, show what are possibly bacculae, topped by a
single tubercle; similar structures are visible in H.
exsulans (Linnarsson 1879, p. 15), eponymous species of
the Exsulans Limestone, Ptychagnostus gibbus Biozone,
and redescribed by Westergård (1950, p. 31, pl. 6, figs
9, 10). H. exsulans has a distinctive sculpture of very fine
granules and sparsely distributed tubercles, and differs
from H. antiqua in having a longer glabella that is better
defined laterally, and a smaller, subpointed preglabellar
‘boss’. Conocoryphe solvensis Hicks (1871, p. 400, pl.
16, fig. 8), from south Wales, was redescribed by Lake
(1940, p. 290, pl. 41, figs 14, 15) as Ctenocephalus
(Hartella) solvensis. The type specimen, although
distorted, is referable to Hartella and according to
Thomas et al. (1984, p. 18) the species occurs in the
‘Eccaparadoxides? pinus Zone’, that is, just below the Pt.
gibbus Biozone. Cranidia from Sardinia described as
Ctenocephalus (Hartella) sp. ind. by Rasetti (1972, p. 69,
pl. 17, figs 1–5) are too poorly preserved for confident
specific comparison but can be assigned to Hartella. As
noted by Rasetti, their sculpture differs from that of H.
antiqua in the smaller, more closely spaced granules.
?Family Conocoryphidae Angelin 1854
Genus Sdzuyella Hajrullina in Repina et al. 1975

Type Species. Sdzuyella stremina Hajrullina in Repina et
al. 1975, from the Middle Cambrian of Turkestan, by
original designation.
Sdzuyella cf. stremina Hajrullina in
Repina et al. 1975
Plate 6 (b)–(d), (g)
cf. 1975 Sdzuyella stremina Hajrullina in Repina et al., p.
172, pl. 28, figs 5–8.

Figured Specimen. Cranidium, NMW.95.34G.398. In
addition, there are two small, probably immature,
unfigured cranidia, NMW.95.34G.399 and 415.
Horizon & Localities. Çal Tepe Formation, light-grey
limestone member. Çal Tepe Section, Bed XXV, level a,
and Localities C.520, C.658. The genus occurs
questionably in the red nodular limestone member at
Ba¤bafl› I Section, level Ba1-1.
Dimensions. NMW.95.34G.398 (internal mould): overall
length (sag.) 11 mm; length of glabella 8 mm; basal
breadth of glabella 5.8 mm; distance across palpebral
lobes 12 mm (estimated).
Description & Discussion. The figured cranidium matches
closely Hajrullina's (loc. cit.) illustrated material but has
the eye ridge more clearly visible. Distinctive features of
the species are: (i) ill-defined, moderately tapered
glabella, bluntly rounded frontally; (ii) axial furrow
deeper and wider opposite the palpebral lobe; effaced
lateral glabellar furrows; (iii) LO small, short (sag.) with
traces of median node; and, (iv) in particular, the steeply
declined, brim-like form of the frontal area (compare
Plate 6 (b) (c) with Hajrullina in Repina et al. 1975, pl.
28, fig. 8). One small cranidium, NMW.95.34G.399, 6.5
mm long, has the frontal area more convex than in
NMW.95.34G.398, the glabella and palpebral lobe are
better defined, and the posterior border furrow becomes
shallower towards the facial suture.
The systematic position of Sdzuyella, described from
only cephala or cranidia, is not readily apparent.
Hajrullina placed the genus in the Conocoryphidae, and
there is some resemblance to Holocephalina Salter 1848,
type species H. primordialis Salter 1848 (see Lake 1938,
p. 262 for revision) from the Middle Cambrian of south
Wales. But Holocephalina shows no trace of eye or eye
ridge, and the glabellar outline, lateral glabellar furrows
and border furrow are more clearly developed than in
Sdzuyella. Holocephalina americana Resser (1937, p. 42,
pl. 7, figs 1–4; see also Hutchinson 1962, p. 110, pl. 17,
figs 3–6), from the Paradoxides davidis Zone of eastern
Newfoundland, shows deepening of the posterior part of
the axial furrow similar to, but more marked than, that
in Sdzuyella. Holocephalina was assigned to the
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Conocoryphidae in the Treatise on Invertebrate
Paleontology (Poulsen in Moore 1959, p. O244), but it
bears little obvious resemblance to Conocoryphe or
several other supposedly related genera in the same
volume, and classification of the family awaits revision.

Family Solenopleuridae Angelin 1854
Subfamily Solenopleurinae Angelin 1854
Genus Parasolenopleura Westergård 1953

Type Species. Calymene aculeata Angelin 1851, from the
Middle Cambrian of Sweden, by original designation.
Parasolenopleura? sp.
Plate 9 (r), (s), (u)

Figured Specimen. NMW.95.34G.426.
Horizon & Locality. Çal Tepe Formation, red nodular
limestone member. Çal Tepe Section, Bed XXXIII, level b.
Rare.
Description. Cranidium of low convexity, with median
length 0.6 of basal breadth. Glabellar outline parabolic in
front of SO, bounded by broad, continuous axial and
preglabellar furrows; L1–L3 of unequal size, defined by
short (tr.), shallow, straight S1–S3. SO transversely
straight, shallow medially; LO mostly uniformly wide
(sag.) but distal portion of posterior margin curves
forwards strongly; median tubercle sited just in front of
centre. Preglabellar field wide (sag.), about one-fifth of
glabellar length, separated from low, uniformly wide
anterior border by broad anterior border furrow that is
slightly shallower medially. Convex, well defined palpebral
lobe from mid-L1 to S3, continuous with distinct eye
ridge that meets axial furrow just in front of S3 and
extends as faint parafrontal band around front of
glabella. Anterior branch of facial suture diverges only
slightly to anterior border furrow where it curves
strongly to meet anterior margin at an acute angle in-line
with rear of glabella; posterior branch curves evenly
backwards to cut margin well outside palpebral lobe.
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Surface of exoskeleton incompletely preserved, but very
fine granules cover at least the glabella and posterior area
of fixigena.

Discussion. The type and several other Swedish species of
Parasolenopleura were described by Westergård (1953).
P. scanica Westergård (1953, p. 25, pl. 6, figs 5, 6)
generally resembles the Turkish specimen and has both a
finely granulose surface and a similarly placed median
occipital tubercle; but the palpebral lobe is smaller, with
less distinct eye ridge, and the glabellar outline is
proportionately narrower with straighter sides. Outside
Scandinavia Parasolenopleura has been reported from
Germany, where P. borstigi Sdzuy (1966, p. 72, pl. 8,
fig. 28; pl. 9, figs 1–6) has a larger palpebral lobe, wider
(sag.) anterior border and narrower preglabellar field
than the present specimen. In the Welsh Basin
Conocoryphe applanata Salter in Salter & Hicks (1869, p.
53) was redescribed by Lake (1937, p. 137) and assigned
to Solenopleura, but was attributed to Parasolenopleura
by Thomas et al. (1984, p. 11). The straight-sided
glabella, narrow preglabellar field, often with median
preglabellar furrow, small eye lobe and tuberculate
sculpture distinguish the Welsh species from the present
cranidium.

Subfamily Solenopleuropsinae Thoral 1947
Genus Pardailhania Thoral 1947

Type Species. Solenopleura (?) hispida Thoral 1935, from
the Middle Cambrian of the Montagne Noire, southern
France, by original designation. Thoral's 1947 (p. 60)
generic diagnosis was valid, so Pardailhania must be
considered to date from that year and not 1948, as
attributed by Courtessole (1973, p. 159).

Pardailhania hispida (Thoral 1935)
Plate 9 (a), (b), (g), (h)

1935 Solenopleura (?) hispida Thoral, p. 57, pl. 3, figs
2a, b, 3.
1947 Pardailhania hispida (Thoral); Thoral, p. 60.
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1948 Pardailhania hispida Thoral; Thoral, p. 52, pl. 3,
figs 3–7.
1972 Pardailhania hispida (Thoral); Rasetti, p. 67, pl.
19, figs 4–8.
1973 Pardailhania hispida Thoral; Courtessole, p. 160,
pl. 15, figs 1–8; pl. 27, fig. 4. Includes previous
synonymy.
1984 Pardailhania hispida (Thoral 1935); Shergold &
Sdzuy, p. 77, pl. 1, fig. 4; pl. 2, figs 12, 13.

Figured Specimens. NMW.95.34G.429; It7828-It7830.
Horizons & Localities. All specimens in the Seydiflehir area
are from the Çal Tepe Formation, in the higher part of
the red nodular limestone member. Çal Tepe Section: Bed
XXXIII, level a and Locality C.685; Bed XXXVI, levels a, b;
Bed XXXVII, levels a, c. Güvercin Tepe: Localities C.214,
C.306, C.307. Localities in the same member at Ba¤bafl›
Section II, north of Hadim, are: Bed BaII-e, levels BaII-e4,
BaII-e7; at the same section P. hispida was found at a still
higher level, in a 5 cm bed of limestone interbedded with
mudstone 4 m above the base of the Seydiflehir
Formation. Rare in all cases.
Dimensions. Cranidium, It7830: median length, 7.6 mm
(estimated); basal breadth, 12.2 mm (estimated);
maximum breadth of frontal area, 8.3 mm (estimated);
distance across palpebral lobes, 9 mm (estimated);
median length of glabella, 5.3 mm; basal breadth of
glabella, 4.7 mm.

Pardailhania sp.
Plate 9 (c)

Figured Specimen. It7827.
Horizon & Locality. Çal Tepe Formation, red nodular
limestone member. Çal Tepe Section, Bed XXXVII, Locality
C.307. Rare.
Description & Discussion. Pardailhania hispida was
restricted by Sdzuy (1968, p. 119), Courtessole (1973,
p. 160), and Shergold & Sdzuy (1984, p. 78) to cranidia
with one transverse row of spines in front of the glabella.
The incomplete cranidium now illustrated has two rows
of spine bases on the preglabellar field, with a few
additional spines in front of the axial furrows; further
rows of small spines are developed between the
characteristic, tubercle-bearing transverse ridges that
ornament the glabella and link the pairs of lateral
glabellar lobes, except for a narrow, smooth, longitudinal
band. Pardailhania multispinosa Thoral (1948, p. 55),
from the Montagne Noire, southern France, and
redescribed by Courtessole (1973, p. 163), lacks the
additional spines between the transverse ridges but has
an appropriate number of preglabellar rows. Pardailhania
hispanica Sdzuy (1958, p. 241, pl. 2, fig. 9; 1961, p.
352, pl. 25, figs 5–12), from northern Spain, also has
two preglabellar rows of spines, but fewer on the glabella
than either multispinosa or the Turkish specimen.
Family Acrocephalitidae Hupé 1953b
Genus Acrocephalites Wallerius 1895

Description & Discussion. The relatively undistorted
cranidia compare closely with specimens preserved in
mudstone from the type area of the species in southern
France, and many of the tubercles are seen to represent
the bases of broken spines.
P. hispida is widely distributed in the Mediterranean
region, having been reported from France, northern
Spain and Sardinia, as well as the Sultan Da¤ area (Figure
1) of the western Taurides (Shergold & Sdzuy 1984); its
easternmost record is from the Koruk Formation in the
region south of Hakkâri, southeastern Turkey.

Type Species. Calymene stenometopa Angelin 1851, from
the late Middle Cambrian of Sweden, by original
designation.
Acrocephalites sp.
Plate 9 (o), (t)

Figured Specimen. NMW.95.34G.425a, b.
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Horizon & Locality. Çal Tepe Formation, red nodular
limestone member. Ba¤bafl› II Section, Bed BaII-e, level
BaII-e3. Rare.
Description & Discussion. A fragment of cranidium shows
clearly the swollen preglabellar field, bounded laterally by
shallow furrows; the widening (sag.) and thickening of
the transversely arched anterior border towards the
sagittal line, bounded by an equally wide (sag.) border
furrow, though the median projection is scarcely visible;
and granulation which is densest on the anterior border.
All these features are seen in the type and other Swedish
species and subspecies described by Westergård (1948,
p. 19–21, pl. 2, figs 9–15), but the preglabellar field of
the Turkish specimen is less densely ornamented, with a
suggestion of radial and concentric arrangement of
granules.
Genus Asturiaspis Sdzuy 1968

Type Species. Asturiaspis inopinatus [sic] Sdzuy 1968,
from the Middle Cambrian of Carangas, northern Spain,
by original designation.
Asturiaspis oezgueli sp. nov.
Plate 8 (j), (n), (r), (s), (v)

Derivation of Name. After Dr. Necdet Özgül, for his
extensive researches on the Cambrian rocks of the
Taurides.
Type Material. Holotype cranidium, NMW.34G.428 (Pl. 8
(j), (n), (r)); paratype cranidia, NMW.34G.420 (Pl. 8 (s))
and NMW.34G.421 (Pl. 8 (v)).
Diagnosis. Asturiaspis species distinguished from A.
inopinata as follows: median length of cranidium equals
distance across palpebral lobes, compared with ratio of
6:5; front of glabella rounded instead of transversely
truncate; median length (sag.) of preglabellar area
relatively shorter (0.5 of glabellar length, compared with
0.6); and posterior margin of LO is rounded instead of
pointed.
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Horizon & Localities. All the known material is from the
Çal Tepe Formation, red nodular limestone member. The
types are from the Çal Tepe Section, Bed XXXIII, level a.
Other records are from Beds XXX (level b); XXXVI (level
a) and XXXVII (levels a, b, c) at the Çal Tepe (Figure 6);
from Locality C.175 in Bed XXXVII at the unnamed hill
southeast of Güvercin Tepe, and from Locality C.237 in
the same bed at the unnamed hill 1.5 km northwest of
Çal Tepe (Figure 2); and from several levels in the upper
half of Ba¤bafl› I and II Sections (Figure 8). Rare to
moderately abundant.
Dimensions of Holotype. Length (sag.) of cranidium, 4.5
mm; maximum breadth of cranidium, 5 mm; length (sag.)
of glabella, 2.8 mm; basal breadth of glabella, 2 mm;
distance across palpebral lobes, 4.5 mm.
Description. Cranidial outline broadly rounded frontally in
small specimens, but parabolic in the largest, including
the holotype. Low anterior border separated from broad
(sag.), slightly convex preglabellar field by broad, shallow
border furrow that contains a pair of shallow
indentations, each longitudinally in-line with tip of L1.
Low, slightly tapered glabella is gently rounded frontally,
and the holotype shows a faint median ridge and two
pairs (S1, S2) of shallow lateral glabellar furrows,
features not seen on smaller cranidia. LO longest (sag.)
medially, where an occipital node is sited immediately
behind the shallow, straight SO. Palpebral lobe has length
about 0.4 that of the glabella, to the anterolateral corner
of which it is linked by a poorly defined eye ridge. Long
anterior branch of facial suture is subparallel to sagittal
line and only slightly convex abaxially; short posterior
branch curves backwards through a right-angle. Surface
of exoskeleton has sculpture of fine granules that extends
across SO.
Discussion. In the largest cranidium of Asturiaspis
inopinata Sdzuy (1968, p. 107, pl. 5, fig. 5), that of the
holotype, the outline is notably more pointed frontally
than in the new species, the anterior border is wider
(sag.) and flatter, the border furrow is more deeply
incised abaxially, and the palpebral lobe is set closer to the
glabella. Immature cranidia of A. inopinata illustrated by
Sdzuy (1968, pl. 5, figs 8–10) have the eye ridge and
palpebral lobe more strongly developed than in A.
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oezgueli, and the anterior border appears thicker and
more sharply defined; but development of all these
features is variable. The Turkish species occurs in the
Pardailhania Biozone and, questionably, the higher part
of the Badulesia Biozone, and so is apparently younger
than A. inopinata, which is recorded (Sdzuy 1971b, table
1) from the Conocoryphe ovata and Acadolenus biozones
of Spain.
Asturiaspis sp. of Gozalo et al. (1993, pl. 1, figs 4, 5),
from the Badulesia sp. A Biozone (lowest Caesaraugustian
Stage) of northeastern Spain, is too incomplete for
satisfactory comparison with A. oezgueli but differs in
having more strongly developed lateral glabellar furrows,
a shorter (sag.) anterior border, and a more continuous
anterior border furrow.
Asturiaspis sp.
Plate 8 (d), (h)

Figured Specimen. It7838.
Horizon & Locality. Çal Tepe Formation, red nodular
limestone member, Bed XXXVII; unnamed hill southeast
of Güvercin Tepe, locality C.175. Rare.
Dimensions. Length (sag.) of cranidium, 8 mm (est.);
length of glabella, 5 mm (est.); distance across palpebral
lobes, 8 mm (est.).
Description & Discussion. A single cranidium has lower
convexity than other Turkish material of Asturiaspis but
resembles that genus in the trapezoidal outline of the
glabella in front of SO, the probably subtriangular outline
of the long (sag.) LO, the long preglabellar field, bounded
by an anterior border furrow that deepens distally, and
the broad (tr.) fixigena with large palpebral lobe.
Differences from both Asturiaspis inopinata and A.
oezgueli include the more broadly rounded outline of the
anterior margin, and the narrow (sag.), less well-defined
anterior border; as in A. oezgueli there is a weak median
ridge on the glabella. The specimen may represent a new
species.

Family Corynexochidae Angelin 1854
Genus Corynexochus Angelin 1854

Type Species. Corynexochus spinulosus Angelin 1854,
from the Middle Cambrian of Sweden, by monotypy.
Corynexochus cf. delagei Miquel 1905
Plate 7 (g), (h), (k), (n), (o) (q)–(s), (u), (v)

cf. 1905 Corynexochus Delagei Miquel, pp. 472, 481, pl.
15, figs 4, 4a, b.
1961 Corynexochus cf. delagei Miquel 1905; Sdzuy, p.
334, pl. 22, figs 6, 7. Includes synonymy.
cf. 1973 Corynexochus delagei Miquel; Courtessole, p.
136, pl. 3, figs 8–18; pl. 25, fig. 6; pl. 27, fig. 7.
1984 Corynexochus cf. delagei Miquel 1905; Shergold &
Sdzuy, p. 74, pl. 2, figs 9, 11.
1993 Corynexochus cf. delagei Miquel; Dean et al., Plate,
fig. 15.

Figured Specimens. NMW.95.34G.413 and 416; It7880,
It7881, It8122, It8126.
Horizons & Localities. Çal Tepe Formation, red nodular
limestone member. Locally abundant in Beds XXX to
XXXVII at the Çal Tepe, where it is particularly common
in Bed XXXVII (Locality C.304). Common also at Güvercin
Tepe (Localities C.214, C.306), and the unnamed hill to
the southeast (Localities. C.175, C.313). At Ba¤bafl› I and
II Sections, the species was abundant at several levels in
the upper half of the same member (Figure 8).
Description & Discussion. Cranidia of this very small
trilobite (most larger examples have a median length of
only 3–4 mm) were found commonly in the red nodular
limestone member, especially in thin, lenticular bands of
light-grey sparite. There are no obvious differences from
the type and other material from the Montagne Noire,
southern France, and the less than confident use of the
specific name reflects the often-imperfect preservation of
specimens from mudstones in France and Spain.
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Corynexochus latus Rasetti 1972

Corynexochus sp.

Plate 7 (a)–(f), (i), (j), (l) (m), (p), (t)

Plate 6 (q), (t), (u)

Figured Specimens. NMW.95.34G.408, 410 and 411.
1972 Corynexochus latus Rasetti, p. 64, pl. 18, figs
18–25.

Figured Specimens. NMW.95.34G.409, 412 and 414;
It7882 to It7885.
Horizon & Localities. Çal Tepe Formation, red nodular
limestone member, Bed XXXVII; Güvercin Tepe, Localities
C.214, C.306; unnamed hill southeast of Güvercin Tepe,
Locality C.175. Uncommon.
Description & Discussion. Rasetti's (1972, pl. 18, figs
22–24) holotype cranidium is apparently an internal
mould with deep axial furrows and traces of glabellar
lobation (L1 to ?L4); paratype pygidia show up to four
large axial rings, separated by straight ring furrows on
the internal mould, but on the external surface there is
little sign of axial or ring furrows. Turkish cranidia and
pygidia have the smooth exoskeleton preserved, and the
position of axial furrows, although visible, is marked by
only a small break in convexity. Each axial furrow is
straight as far as a distinct depression, presumably an
anterior pit, just in front of the palpebral rim, and then
turns sharply abaxially and dies out. LO is produced to
form an upwardly directed occipital spine. Anterior
branch of facial suture very short and straight; posterior
branch longer, evenly curved. SO almost straight, its
anterior margin sharply defined (Plate 7 (a), (e));
posterior border widens (exsag.) markedly and uniformly
abaxially.
Best preserved pygidia (Plate 7 (p), (t)) have
maximum breadth about 1.8 times the median length
(excluding articulating half-ring); internal moulds show
four axial rings and short terminal piece as described by
Rasetti. Part of the exoskeleton is preserved and exhibits
only traces of corresponding furrows on the outer
surface. In its type area of Sardinia C. latus occurs
(Rasetti 1972, p. 38) with, amongst others, Pardailhania
hispida and its age is analogous to that in the Seydiflehir
area.
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Horizon & Locality. Çal Tepe Formation, light-grey
limestone member, Bed XXV. Çal Tepe Section, Locality
C.305a. Rare.
Description & Discussion. The rarity of Corynexochus in
the light-grey limestone member contrasts markedly with
its abundance in parts of the red nodular limestone
member. The better preserved of the two cranidia has the
front of the glabella 1.8 times broader than the base, and
the strongly curved axial furrow is almost obsolete
opposite L1. The glabellar outline resembles that of C.
latus rather than that of C. cf. delagei (see above), which
is also more clavate; but the axial furrow is much more
sharply defined and the glabella and fixigena are
individually rather than uniformly convex. A small
associated pygidium (Plate 6 (t)) about 1.5 times wider
than long has a very short axis, with two, possibly three
axial rings, that occupies little more than half the overall
length, excluding articulating half-ring. Posterior margin
is bluntly rounded and there are traces of pleural
furrows. No satisfactory comparison of the cranidium has
been made, and although the pygidium generally
resembles that of Corynexochus spinulosus Angelin 1854,
from the Andrarum Limestone (Solenopleura
brachymetopa Biozone) of Scania, Sweden (Westergård
1948, p. 10, pl. 3, fig. 9), the axis of the Turkish form,
which may be new, is notably short and tapers only
slightly to the blunt tip.
?Family Corynexochidae Angelin 1854
Genus Clavigellus Geyer 1994

Type Species. Clavigellus annulus Geyer 1994, from the
Middle Cambrian of Morocco, by original designation.
Clavigellus venustus (Dean in Dean & Özgül 1994)
Plate 4 (g)–(i)
1994 Corynexochella? venusta Dean in Dean & Özgül, p.
14, pl. 1, figs 9, 12, 13, 17, 18, 22.
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1994 Clavigellus venustus (Dean in Dean & Özgül);
Geyer, p. 1314.

Horizon & Locality. Çal Tepe Formation, black limestone
member. Çal Tepe Section, Bed IV, Locality C.803.

Figured Specimen. Holotype cranidium, IRScNB No. a
8815.

Description & Discussion. A slightly distorted cranidium is
about 5.5 mm long, with unfurrowed, subcylindrical
glabella and broadly rounded LA. The short preglabellar
field and long anterior border occupy, respectively, 0.1
and 0.2 of the median length. The eye is short, about
one-quarter the length of the glabella, and the palpebral
rim passes into a curved eye ridge that meets the axial
furrow opposite a point two-thirds the distance from SO
to the preglabellar furrow. Breadth (tr.) of interocular
area about half that of the glabella. The border furrow is
notably shallower medially, but no clear evidence of a
plectrum was found, and no satisfactory comparison has
been made.

Horizon & Locality. Çal Tepe Formation, light-grey
limestone member. Çal Tepe section, Bed XVI, level a.
Rare.
Description & Discussion. Nothing new has been found to
add to the original description, which was based only on
the cranidium. The species has so far been found at only
a single level both at the Çal Tepe and in the Hüdai area
of the western Taurides, and it may have some potential
in correlation. Differences between C. venusta and C.
annulus have been discussed by Geyer (1994).

Genus & species undetermined C
Family Uncertain

Plate 6 (a), (e), (f)

Genus & species undetermined A
Plate 1 (m)

Figured Specimen. NMW.95.34G.375.

Figured Specimens. NMW.95.34G.403 (Plate 6 (a)) and
NMW.95.34G.404 (Plate 6 (e), (f)).
Horizon & Locality. Çal Tepe Formation, light-grey
limestone member. Çal Tepe Section, Bed XVI, level a.

Horizon & Locality. Çal Tepe Formation, black limestone
member. Çal Tepe Section, Bed II, Locality C.687.
Description & Discussion. A compressed fragmentary
cranidium shows a low, thin, rim-like anterior border,
separated by a uniformly shallow furrow from a parallel,
low ridge, behind which is a flat preglabellar field, twice
as broad (sag.). The glabella is gently tapered, of low
convexity, with only traces of SO and S1, and the eye
lobes are subsemicircular, linked to the glabella by distinct
eye ridges. No satisfactory comparison has been made,
and the groove delimiting the front of the preglabellar
field may represent the inner margin of the doublure.
Genus & species undetermined B
Plate 2 (i)-(k)

Figured Specimen. It20714.

Description & Discussion. Two cranidia, well rounded
frontally, have subequal L1–L3, defined by shallow,
straight S1–S3. The steeply declined, convex preglabellar
field occupies about one seventh the cranidial length, and
the short (sag.), upturned, rim-like anterior border is
bounded by a deep border furrow. The prominent eye
lobe has a conspicuous rim, passing into a thick, wide eye
ridge that meets the axial furrow opposite the short LA,
and one specimen (Plate 6 (e)) shows a possible trace of
parafrontal band. No satisfactory comparison has been
made.
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PLATE 1
All specimens are from the black limestone member at the Çal Tepe.
(a)–(g), (i), (j), (n)–(q) Alueva venulosa sp. nov. (a), (d) dorsal and right lateral views of holotype cranidium, Bed VI,
Locality C.689, NMW.95.34G.361; (b), (c) dorsal and anterior views of paratype cranidium, Bed VI, Locality C.689,
NMW.95.34G.362. (e) paratype cranidium, Bed VI, Locality C.689, NMW.95.34G.363; (f) dorsal view of paratype
cranidium, Bed I, Locality 690, NMW.95.34G.364; (g) paratype cranidium, Bed VII, Locality C.526, NMW.95.34G.365;
(h) Ellipsocephalid genus and species undetermined. Incomplete cranidium, Bed II, level b, NMW.95.34G.366; (i) paratype
cranidium, Bed II, Locality C.687, NMW.95.34G.367; (j) paratype cranidia, holaspid and meraspid, Bed X, level a,
NMW.95.34G.368a, b; (k) Kingaspidoides? sp. Incomplete cranidium, showing swollen extremity of posterior border, Bed
I, Locality C.690, NMW.95.34G.373; (l) Lusatiops? sp. Incomplete cranidium, Bed X, level a., NMW.95.34G.374. (m)
Genus and species undetermined A. Cranidium, Bed II, Locality C.687, NMW.95.34G.375; (n) paratype meraspid (?)
cranidium, Bed VIII, level a, NMW.95.34G.369; (o) paratype cranidium, Bed VII, Locality C.526, NMW.95.34G.370; (p)
paratype cranidium, dorsal view showing bacculae, Bed I, Locality C.690, NMW.95.34G.371; (q) front of paratype
cranidium showing parafrontal band and caecal venation, Bed I, Locality C.728, NMW.95.34G.372;
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PLATE 2
All specimens are from the black limestone member at the Çal Tepe. (a)–(h) Antatlasia scabra sp. nov. Bed IV, Locality
C.803. (a), (f), (g) right lateral, dorsal and anterior views of holotype cranidium, NMW.95.34G.376; (b), (h) anterior and
dorsal views of latex cast of paratype cranidium, NMW.95.34G.377; (c) left lateral view of internal mould of same
specimen; (d) latex cast from external mould of same specimen; (e) front of holotype cranidium; (i)–(k) Genus and species
undetermined B. Bed IV, Locality C.803. Dorsal, left lateral and anterior views of cranidium, It 20714; (l), (p), (r), (v)

Pamphyliaspis nigra gen. et sp. nov. Bed I, level a. (l), (r), right lateral and dorsal views of holotype cranidium,
NMW.95.34G.378; (p), (v) dorsal and anterior views of paratype cranidium, NMW.95.34G.379; (m)–(o), (s)–(u)

Condylopyge matutina sp. nov. Bed II, level c; (m), (n) dorsal and posterior views of paratype pygidium, NMW.95.34G.381;
(o), (s)–(u) oblique posterior, anterior, dorsal and right lateral views of holotype cephalon, NMW.95. 34G.382; (q)

Pamphyliaspis? sp. Bed VII, level a. Latex cast of incomplete cranidium. NMW.95.34G.380.
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PLATE 3
All specimens are from the black limestone member at the Çal Tepe. (a)–(d), (f) Ornamentaspis? sp. Bed I, Locality C.728;
(b), (d), (f) dorsal, anterior and left lateral views of latex cast of cranidium, NMW.95.34G.383; (a) close-up of occipital
spine; and (c) internal mould of same specimen; (e), (g)–(j), (l), (m) Kingaspis cf. velata Sdzuy 1961. Bed XI, level a; (e),
(h), (j) anterior, dorsal and right lateral views of internal mould of cranidium, NMW.95.34G.384; (g) latex cast of same
specimen; (i), (l), (m) two cranidia, showing development of furrows on external surface and internal mould,
NMW.95.34G.385a, upper in (l), (m) and NMW.95.34G.385b; (k) Strenuella? sp. Bed X, level a. Cranidium with traces of
three pairs of apparently transglabellar furrows, NMW.95.34G.386.
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PLATE 4
All specimens are from the light-grey limestone member at Çal Tepe. (a)–(e), (j) Hamatolenus (Hamatolenus) altifronsns
sp. nov. Bed XVI; (a), (d), (e) anterior, right lateral and dorsal views of holotype cranidium, Locality C.305b, It7800; (b),
paratype, small cranidium, Locality C.305b, It7802; (c) paratype cranidium, Locality C.305b, It7803; (j) paratype,
meraspid? cranidium, level a, NMW.95.34G.387; (f), (l) Granularia sp. Bed XXV, Locality C.183; (f) cranidium, It8132; (l)
fragmentary cranidium, It8133; (g)–(i) Clavigellus venustus (Dean in Dean & Özgül 1994). Bed XVI, level a. Anterior, left
lateral and dorsal views of holotype cranidium, IRScNB No. a 8815; (k), (m)–(q) Dorypyge fimbriata sp. nov. Bed XXV,
Locality C.658. (k) small, paratype pygidium, NMW.95.34G.388; (m), (q) left lateral and dorsal views of paratype
cranidium, NMW.95.34G.389; (n) holotype pygidium, NMW.95.34G.390; (o) paratype cranidium, NMW.95.34G.391; (p)
paratype cranidium, NMW.95.34G.392; (r) Acadolenus? sp. Bed XXIII, Locality C.660. Latex cast of fragment of cranidium,
NMW.95.34G.393; (s) Alanisia? cf. hastata Sdzuy 1958. Bed XV, Locality C.525. Internal mould of two cranidia,
NMW.95.34G.394a (lower) and b.
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PLATE 5
All specimens are from the light-grey limestone member at Çal Tepe. (a)–(p) Acadoparadoxides (Acadoparadoxides)

mureroensis (Sdzuy 1958). (a) fragment of cranidium, showing front of glabella and part of anterior border, Bed XVI, level
a, NMW.95.34G.395; (b), (k) left lateral and dorsal views of latex cast of incomplete cranidium, Bed XVI, level a,
NMW.95.34G.396; (e), (j) anterior and dorsal views of internal mould of same specimen; (c), (d), (p) posterior, right
lateral and dorsal views of pygidium, Bed XVI, Locality C.305b, NMW.95.34G.397; (f) ventral surface of right librigena,
Bed XVI, Locality C.305b, It7808; (g) latex cast of part of glabella and right fixigena, Bed XVI, Locality C.305b, It7809;
(h), (i), (l) lateral, dorsal and posterior views of hypostoma, Bed XVI, Locality C.524, NMW.95.34G.400; (m) incomplete
left librigena, Bed XV, level a, NMW.95.34G.401; (n) incomplete internal mould of cranidium, Bed XVI, Locality C.305b,
It7812; (o) incomplete cranidium, showing right fixigena and part of anterior border, Bed XV, level a, NMW.95.34G.402.
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PLATE 6
All specimens are from the light-grey limestone member at Çal Tepe. (a), (e), (f) Genus and species undetermined C. Bed
XVI, level a; (a) dorsal view of cranidium, NMW.95.34G.403; (e), (f) dorsal and left anterolateral views of cranidium,
NMW.95.34G.404; (b)–(d), (g); Sdzuyella cf. stremina Hajrullina in Repina et al. 1975. Bed XXV, Locality C.520; (b), (c),
(g) anterior, left lateral and dorsal views of internal mould of cranidium, NMW.95.34G.398; (d) latex cast of same
specimen; (h), (k), (l), (n), (r), (s) Agraulos sp. Bed XXV, Locality C.520; (h), (k), (l) dorsal, anterior and left lateral views
of cranidium, It20749; (n), (r), (s) anterior, dorsal and left lateral views of cranidium, It20750. (i), (j), (m), (p)

Acadoparadoxides (Acadoparadoxides) sp.; (i), (m), (p) anterior, left lateral and dorsal views of cranidium, Bed XXV, level
a, NMW.95.34G.405; (j) cranidium, Bed XXV, Locality C.520, NMW.95.34G.406; (o) Paradoxidid genus and species
undetermined. Latex cast of pygidium, Bed XIII, level a, NMW.95.34G.407; (q), (t), (u) Corynexochus sp. Bed XXV, Locality
C.305a; (q) latex cast of cranidium, NMW.95.34G.408; (t) pygidium, NMW.95.34G.410; (r) left fixigena, showing
palpebral lobe, NMW.95.34G.411.
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PLATE 7
All specimens are from the red nodular limestone member, Bed XXXVII, at: Çal Tepe (Locality C.304); Güvercin Tepe
(Localities C.214, C.306); and the unnamed hill further to the southeast (Localities C.175, C.313). (a)–(f), (i), (j), (l), (m),
(p), (t) Corynexochus latus Rasetti 1972; (a), (e), (f) right lateral, dorsal and anterior views of cranidium, Locality C.175,
It7885; (b), (c), (j) anterior, right lateral and dorsal views of cranidium, Locality C.306, NMW.95.34G.412; (d) cranidium,
Locality C.306, It7882; (i) rostral-hypostomal plate, Loc. C.175, It7884; (l) cranidium, Locality C.175, It7883; (m), (p)
right posterolateral and dorsal views of pygidium, Locality C.214, NMW.95.34G.409; (t) pygidium, Locality C.306,
NMW.95.34G.414; (g), (h), (k), (n), (o), (q)–(s), (u), (v) Corynexochus cf. delagei Miquel 1905; (g), (h) anterior and
dorsal views of cranidium, Locality. C.214, NMW.95.34G.413; (k) cranidium, Locality C.304, It8122; (n), (q) oblique left
lateral and dorsal views of cranidium, Locality C.214, It8126; (o), (r), (u) right lateral, posterior and dorsal views of
pygidium, Locality C.313, It7880; (s) cranidium, Locality C.313, It7881, x 8; (v) pygidium, Locality C.214,
NMW.95.34G.416; (w) Olenoides? sp. Incomplete pygidium, Locality C.214, It7826.

64

W. T. DEAN

65

CAMBRIAN TRILOBITES FROM THE CENTRAL TAURIDES

PLATE 8
All specimens are from the red nodular limestone member at: Çal Tepe (Bed XXXIII); Güvercin Tepe (Bed XXXVII, Localities
C.214, C.306, C.307); the unnamed hill to the southeast (Bed XXXVII, Locality C.175); and Ba¤bafl› I Section. (a), (c), (e)

Acadolenus? sp. Anterior, right lateral and dorsal views of cranidium, Locality C.214, It7825; (b), (f), (i) Ellipsocephalus
sp. Anterior, left lateral and dorsal views of cranidium, Locality C.214, It7824; (d), (h) Asturiaspis sp. Right lateral and
dorsal views of cranidium, Locality C.175, It7838; (g), (k)–(m), (o)–(q), (t), (u) Conocoryphe (Conocoryphe) heberti
Munier-Chalmas & Bergeron in Bergeron 1889; (g) unnumbered pygidium, Ba¤bafl› I Section, level BaI-4, MTA collection,
Ankara; (k) cranidium, Locality C.306, It7844; (l), (q), (t) right lateral, anterior and dorsal views of cranidium, Locality
C.175, It7841; (m) cranidium, Locality C.307, NMW.95.34G.417; (o) small cranidium, Locality C.214, NMW.95.34G.418;
(p) small pygidium, Locality C.214, NMW.95.34G.419; (u) cranidium, Locality C.214, It7843; (j), (n), (r), (s), (v)

Asturiaspis oezgueli sp. nov. Çal Tepe, Bed XXXIII, level a; (j), (n), (r) dorsal, anterior and left lateral views of holotype
cranidium, NMW.95.34G.428; (s) paratype cranidium, NMW.95.34G.420. (v), paratype cranidium, NMW.95.34G.421.
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PLATE 9
All specimens are from the red nodular limestone member at: Çal Tepe (Bed XXXIII); Güvercin Tepe (Bed XXXVII, Localities
C.214, C.306, C.307); the unnamed hill southeast of Güvercin Tepe (Bed XXXVII, Locality C.175); and Ba¤bafl› II Section
(level BaII-e5). (a), (b), (g), (h) Pardailhania hispida (Thoral 1935); (a) cranidium, Locality C.306, It7828; (b) cranidium,
Locality C.306, It7830; (g) cranidium, Locality C.214, NMW.95.34G.429; (h) cranidium, Locality C.306, It7829; (c)

Pardailhania sp. Cranidium, Locality C.307, It7827; (d)–(f), (i)–(l) Hartella antiqua (Thoral 1946); (d)–(f), dorsal, left
lateral and anterior views of cranidium, Locality C.175, NMW.95.34G.422; (i), (j) dorsal and right lateral views of
cranidium, Locality C.175, NMW.95.34G.423; (k) small cranidium, Locality C.306, It7872; (l) cranidium, Locality C.175,
It7871; (m), (n) Eodiscid genus and species undetermined. Internal mould and latex cast of incomplete cephalon. Çal Tepe,
Bed XXXIII, level c, NMW.95.34G.424; (o), (t) Acrocephalites sp. Latex cast and internal mould of front of cranidium,
Ba¤bafl› II Section, level BaII-e3, NMW.95.34G.425a, b; (p), (q), (x) Peronopsis fallax fallax (Linnarsson 1869); (p)
cephalon, Loc. C.306, It7823; (q) pygidium, Locality C.175, It7819; (x) dorsal exoskeleton, Locality C.175, It7817; (r),
(s), (u). Parasolenopleura? sp. (r), (u), anterior and dorsal views of internal mould of cranidium, Çal Tepe, Bed XXXIII, level
b, NMW.95.34G.426; (s) latex cast of same specimen; (v), (w) Proampyx sp. Anterior and dorsal views of cranidium, Çal
Tepe, Bed XXXIII, level b, NMW.95.34G.427.
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PLATE 10
All specimens are from the red nodular limestone member, Bed XXXVII, at Güvercin Tepe (Localities C.214, C.307) and at
the smaller, unnamed hill to the southeast (Locality C.175). (a)–(t) Eccaparadoxides marginatus sp. nov.; (a), (d) anterior
and dorsal views of paratype cranidium, Locality C.175, It7849; (b), (e) dorsal and right lateral views of paratype
cranidium, Locality C.307, It7853; (c), (f) dorsal and anterior views of holotype cranidium, Locality C.175, It7866; (g),
(u), (o) lateral, posterior and dorsal views of paratype hypostoma, Locality C.175, It7850; (h) paratype, meraspid?
cranidium, Locality C.175, It7852; (i), (m), (r) dorsal, posterior and left lateral views of paratype pygidium, Locality C.214,
It7864; (j), (n), (q) dorsal, posterior and oblique left lateral views of paratype pygidium, Locality C.175, It7861; (l)
paratype pygidium, Locality C.307, It7863; (p) paratype pygidium, Locality C.175, It7854; (s) paratype left librigena,
It7855, Locality C.175; (s) paratype, incomplete thoracic segment, Locality C.307, It7870.
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