
INTRODUCTION

The biostratigraphic definition of the traditional
Lower–Middle Cambrian boundary, corresponding to
the base of Cambrian Series 3 and Stage 5 as currently
defined (Babcock et al. 2005; Babcock and Peng 2007)
(Text-fig. 1), is still under debate. Finding a trilobite
group with high stratigraphical potential and wide ge-
ographic distribution is hampered by the high en-
demicity of trilobites in this interval. The most

favoured are the oryctocephalids, with the first ap-
pearance of Oryctocephalus indicus (Reed, 1910) (Mc-
Collum and Sundberg 2002; Fletcher 2003; Zhao et al.
2004, 2005; Geyer 2005; Sundberg and McCollum
2007). Unfortunately, most oryctocephalids are known
from palaeo-equatorial areas and deeper settings
(Sundberg and McCollum 1997), whereas their pre-
sence in shallow marine environments of temperate
zones (West Gondwana, Baltica) is uncertain (Liñán
and Gozalo 1999; Geyer 2006).
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This paper is focused on the biostratigraphic analy-
sis of the traditional Lower–Middle Cambrian bound-
ary interval in the Kielce Region of the Holy Cross
Mountains (HCM), Poland, based on trilobite and
acritarch assemblages. The studied interval is developed
in predominantly shallow-marine to open-shelf silici-
clastic facies consisting of taxonomically rich but un-
evenly distributed trilobite faunas (Orłowski 1964,
1985a, b). The dominance of Ellipsocephalidae in the
succession allows comparisons with the West Gond-
wanan scheme of Geyer and Landing (2004). The pres-
ence of palynomorph-yielding shales and siltstones in
this part of the Cambrian succession allows parallel bio-
stratigraphic analysis of acritarch assemblages. The re-
search was based on over 1500 trilobite specimens,
mostly from museum collections, with most of the speci-
mens from the collection of Prof. Stanisław Orłowski
(Appendix 1), and on 17 productive acritarch samples
from seven localities (Appendix 2).

STRATIGRAPHIC FRAMEWORK

The recent activities of the International Subcom-
mission on Cambrian Stratigraphy have resulted in the
subdivision of the period into four sub-even epochs
(Geyer and Shergold 2000; Shergold and Geyer 2003;

Babcock et al. 2005; Babcock and Peng 2007). Ac-
cordingly, the traditional Lower–Middle Cambrian
boundary corresponds approximately to the Cambrian
Series 2 and 3 boundary (Text-fig. 1; see also
www.stratigraphy.org). A bioevent defining this bound-
ary has not yet been selected, mainly due to high trilo-
bite endemicity in this interval (see e.g., Geyer 2005;
Sundberg and McCollum 2007).

The base of the traditional Middle Cambrian in Eu-
rope, northern Africa and Siberia was defined by the
FAD of the trilobite Paradoxides sensu lato (Brøgger
1878; see e.g., Geyer 2005; Żylińska and Masiak 2007
for references). In North America, the Middle Cambrian
constituted beds above the Lower Cambrian defined by
the range of Olenellus sensu lato (Walcott 1891). It sub-
sequently appeared that the ranges of Paradoxides s.l.
and Olenellus s.l. overlap in some areas (Geyer and
Palmer 1995; Fletcher 2003; Geyer and Landing 2004)
and hence it became necessary to redefine the Lower–
Middle Cambrian boundary (Geyer and Shergold 2000;
Fletcher 2003; Geyer and Landing 2004; Geyer 2005),
a task that has gained even greater importance with the
latest modifications of the Cambrian chronostrati-
graphic scheme.

The recent candidate bioevent that could potentially
define the base of global Cambrian Series 3 is the FAD
of Oryctocephalus indicus (McCollum and Sundberg
2002; Zhao et al. 2004, 2005; Sundberg and McCollum
2007) (Text-fig. 1), a small trilobite characteristic of
open-shelf facies of the tropical areas (Sundberg and
McCollum 1997). This event is well recognized and lo-
cated close to the traditional Lower–Middle Cambrian
boundary in North America and Asia. Unfortunately,
the level with O. indicus cannot be defined in Baltica
and is poorly defined in West Gondwana (Geyer 2005,
2006), although representatives of the Oryctocephali-
dae occur in Spain and Morocco (Liñán and Gozalo
1999; Geyer 2006).

Alternative chronostratigraphic schemes were pro-
posed for West Gondwana (Spain, Morocco, Sardinia)
(Geyer and Landing 2004; Text-fig. 2). In Morocco,
where the Cambrian is developed as a thick carbon-
ate-dominated succession followed by siliciclastic-
dominated deposits (see Geyer and Landing 2006 for
details), the boundary interval is composed of fine-
grained siliciclastics with minor nodular and bedded
limestones (Banian Stage of the Issafen Formation), fol-
lowed by higher-energy, shallow marine sandstone-
dominated facies with minor fossil-hash limestone beds
(Agdzian Stage of the Tatelt, Tazlaft and Jbel Wawr-
mast formations) (Geyer and Landing 2004, 2006).
The Banian trilobite assemblages are composed pre-
dominantly of the Antatlasiinae, Strenuellinae and

Text-fig. 1. Chronostratigraphic standard for the Cambrian System
with geochronological data and global bioevents. After Babcock et
al. (2005), Zhu et al. (2006), Babcock and Peng (2007), and
www.stratigraphy.org. E – Ediacaran, O – Ordovician. Arrow shows

the position of the discussed boundary
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Saukiandidae, whereas the Agdzian assemblages are
characterized by the Protoleninae and Ellipsocephali-
nae (Geyer 1990a, b; Geyer and Palmer 1995; Geyer
and Landing 2004, 2006).

The studied interval is also characterized by evo-
lutionary changes in palynomorph assemblages (e.g.,
Moczydłowska 1991, 1998; Text-fig. 3). In the tradi-
tional late Early Cambrian (~ Cambrian Epoch 2), the
acritarchs became highly diverse and attained high fre-
quency in the Holmia kjerulfi Zone of Baltica, which

corresponds to the highstand tracts and relative sea-
level maximum (see e.g., Moczydłowska 1998; Nielsen
and Schovsbo 2006). This event is followed by a de-
crease in variability and frequency of palynomorphs,
reflecting the transition from the Heliosphaeridium dis-
similare–Skiagia ciliosa Zone to the Volkovia denti-
fera–Liepaina plana Zone (Moczydłowska 1991,
1998; Moczydłowska and Zang 2006; Text-fig. 3). The
base of the Eliasum llaniscum–Cristallinium cam-
briense Zone reflects the disappearance of numerous
and morphologically diverse representatives of Skia-
gia spp., and their replacement with a very characteris-
tic association containing C. cambriense and Eliasum
spp.; the event is of global significance and is recorded
in successions of Baltica, Gondwana and Avalonia
(Vanguestaine and Van Looy 1983; Volkova et al.
1983; Moczydłowska and Vidal 1986; Hagenfeldt
1989a, b; Moczydłowska 1989, 1991, 1999; Volkova
1990; Szczepanik 2000; Moczydłowska and Zang
2006).

GEOLOGICAL SETTING

The HCM are a small hilly area in south-central
Poland, composed predominantly of Palaeozoic and
Mesozoic successions. Palaeozoic strata crop out ap-
proximately between Kielce in the west and San-
domierz in the east, in a c. 70 km long and 50 km wide
belt (Text-fig. 4B), often referred to as the Palaeozoic
core or basement. The present-day geological and geo-
morphologic setting of this belt reflects the multi-stage
evolution of the area, of which the Late Cretaceous–
Early Paleogene tectonic inversion and uplift was one

Text-fig. 2. Chronostratigraphic standard for West Gondwana correlated with the schemes for Morocco and Spain. After Geyer and Landing (2004),
with modifications of Dies Álvarez and Gozalo (2006)

Text-fig. 3. Correlation scheme of trilobite and acritarch zones for
the Lower Cambrian and lowermost Middle Cambrian in the East
European Craton. Modified after Moczydłowska (1991, 1999).

MC – Middle Cambrian
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of the last major structural reorganizations (Kutek and
Głazek 1972; Krzywiec et al. 2009). The inversion re-
sulted in partial removal of Mesozoic strata and expo-
sure of Palaeozoic rocks. Thus, the HCM represent one
of the very few areas where Palaeozoic rocks are ex-
posed in the direct vicinity of the Teisseyre–Tornquist
Line (Text-fig. 4A), and their basement belongs to one
of the main geotectonic domains in Europe – the Trans-
European Suture Zone (TESZ; Berthelsen 1992).

Based on differences in facies development, strati-
graphy, and tectonic evolution, the HCM are subdivided
into two regions: the Kielce Region in the south and the
Łysogóry Region in the north, separated by the WNW–
ESE-oriented Holy Cross Fault (e.g., Czarnocki 1919;
Text-fig. 4B). These regions are understood either as
tectono-stratigraphic (e.g., Czarnocki 1919) or palaeo-
geographic units (e.g., Belka et al. 2000, 2002;
Nawrocki and Poprawa 2006 and references therein) of
proximal or exotic provenance. A crustal structure iden-
tical with that of the East European Craton (EEC) has
been recently distinguished in the Małopolska Block
(basement of the Kielce Region) by deep seismic
sounding profiles, indicating that the unit is linked with
the EEC (Malinowski et al. 2005). This structural block
was probably a proximal terrane dextrally relocated
along the TESZ margin of Baltica (Nawrocki et al.
2007), and in the Lower–Middle Cambrian boundary
interval was located close to the margin of Gondwana

(Belka et al. 2002; Nawrocki et al. 2007; Nawrocki and
Poprawa 2006).

The Cambrian of the area is developed in siliciclas-
tic facies with a total thickness estimated at 2500–3500
m (e.g., Orłowski 1988). The succession is dominated
by sandstones in the west and by siltstones and shales
in the east. So far, the Precambrian–Cambrian boundary
has not been recognized, and the relationship to the
basement remains unknown (Kowalczewski et al.
2006). Sandstone-dominated units represent shallow-
marine facies, whereas the shale-dominated are referred
to deeper, outer shelf environments (e.g., Studencki
1988; Jaworowski and Sikorska 2006). The most com-
mon fossils are trilobites, which form the basis of the
applied biostratigraphic scheme (e.g., Orłowski 1988,
1992; Żylińska 2002).

The Lower–Middle Cambrian boundary interval is
recorded only in the Kielce Region (Text-fig. 5). Tradi-
tionally, the Lower and Middle Cambrian trilobite fauna
of the HCM was compared with that from Scandinavia
(Orłowski 1959a, b, 1964, 1985a, b), with the base of
the Middle Cambrian defined by the FAD of Paradoxi-
des s.l. The representatives of Ellipsocephalidae allow
comparisons with the trilobite succession of West
Gondwana (Geyer and Landing 2004). The siltstone
and shale successions can also be dated using paly-
nomorphs, particularly acritarchs. The Cambrian
acritarchs of the HCM have been studied for over 40

Text-fig. 4. (A) Sketch-map of Poland with location of the Holy Cross Mountains (HCM) in relation to the East European Craton (EEC) and Teisseyre–
Tornquist Line (TTL). (B) Geological sketch-map of the HCM showing the distribution of Cambrian deposits (compiled from Samsonowicz 1962 and

Orłowski 1975b, 1992, with modifications), with location of the studied exposures and boreholes
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years (e.g., Michniak 1959; Jagielska 1963, 1965, 1966;
Lendzion et al. 1983; Kowalczewski et al. 1986, 1987;
Szczepanik 1988, 1997, 2001), but a local biostrati-
graphic scheme based on acritarchs has not been pre-
sented.

DESCRIPTION OF LOCALITIES

Two lithostratigraphic units have been distin-
guished in the Lower Cambrian of the HCM (Orłowski
1975b; Text-figs 4–6): the Ociesęki Sandstones For-
mation in the west and the Kamieniec Shales Forma-
tion in the east. In the Middle Cambrian four
lithostratigraphic units have been distinguished
(Orłowski 1975b, 1985b; Orłowski and Mizerski 1995;
Szczepanik et al. 2004b): from west to east, the
Słowiec Sandstones Formation, the Ociesęki Sand-
stones Formation, the Usarzów Sandstones Formation,
and the Kobierniki Beds (informal lithostratigraphic
unit). The following exposures and boreholes with
trilobites and acritarchs were studied (Text-fig. 4B)

(from west to east): Brzechów (Słowiec Formation and
undetermined lithostratigraphic unit); Widełki–Łapi-
grosz and Słowiec (Ociesęki and Słowiec formations);
the Zaręby 2 borehole (Kamieniec Formation); Choj-
nów Dół (Ociesęki Formation); Nowa Łagowica, Wola
Jastrzębska, and Kamieniec (Kamieniec Formation);
Konary (Kamieniec and Słowiec formations); He-
lenów, Sternalice, Jugoszów, and Usarzów (Usarzów
Formation); and the Lenarczyce PIG 1 borehole and
Lenarczyce exposure (Kobierniki Beds).

The exposures and boreholes are briefly described
below.

Brzechów

A small natural exposure of coarse- and medium-
grained sandstones and siltstones of the Słowiec For-
mation and clayey, silty and sandy shales is located to
the north of the village of Brzechów (Text-fig. 4B). The
fauna comes exclusively from sandstone beds
(Stasińska 1960; Bednarczyk 1970; Masiak and
Żylińska 1994; Żylińska and Masiak 2007), assigned to

Text-fig. 5. Lithostratigraphic scheme of the Cambrian in the HCM. Based on Orłowski (1975b), Kowalczewski (1990), Szczepanik et al.
(2004a, b) and Kowalczewski et al. (2006). Biostratigraphic scheme after Orłowski (1992), Żylińska (2002), and this paper; modified after

Peng et al. (2004). Chronostratigraphy modified after Babcock et al. (2005), Zhu et al. (2006) and Babcock and Peng (2007)
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the Słowiec Formation. A 16-m long ditch dug in 2006
close to the exposure yielded only silty and clayey
shales with very thin sandstone intercalations. Seven
samples for acritarchs were taken from the ditch and an
additional two samples were collected from the debris;
four of them yielded acritarchs. The contact of the
shales with the coarse-grained sandstones remains un-
known, which hampers recognition of their mutual re-
lationships and their lithostratigraphic assignment. They
may represent silty facies of the Ociesęki Formation
(see Żylińska and Masiak 2007), the Kamieniec For-
mation, or the Kobierniki Beds.

Widełki–Łapigrosz and Słowiec

These are classic trilobite-yielding exposures of the
Ociesęki and Słowiec formations (Czarnocki 1919,
1927; Samsonowicz 1959a, b; Orłowski 1965, 1975a,
1985a, b) (Text-fig. 4B). The Ociesęki Sandstones are
exposed in small quarries on the north-western slopes of
the Zamczysko Hill (Widełki–Łapigrosz exposure). The
Słowiec Sandstones occur on the Słowiec Hill. From
the Zamczysko Hill near the Zamczysko–Słowiec road
come sandstone slabs with well-preserved and diverse
trilobites of Middle Cambrian age (Orłowski 1985b;
Orłowski and Mizerski 1995).

Zaręby 2 borehole

It is the only borehole that penetrated Cambrian
strata in this part of the HCM (Bednarczyk et al. 1965;
Jurkiewicz 1971; Text-fig. 4B). Cambrian deposits of
the Kamieniec Formation occur between 1375.0 and
1218.2 m (Jurkiewicz 1971). Trilobite faunas occur be-
tween 1336.0 and 1336.5 m (Bednarczyk et al. 1965),
and palynomorphs were noted by Jagielska (see Jur-
kiewicz 1971, pp. 7, 8) between 1373.0 and 1237.0 m.
Four productive acritarch samples were collected from
the existing core; the richest assemblage was noted in a
sample from 1290.0 m.

Chojnów Dół, Nowa Łagowica, Wola Jastrzębska
and Kamieniec

The Chojnów Dół ravine section (Text-fig. 4B), lo-
cated c. 10 km to the south of Łagów, is famous for the
Sandomirian angular unconformity between the Cam-
brian and the Ordovician (Czarnocki 1939; Bednarczyk
et al. 1981). Cambrian rocks of the Ociesęki Formation
yield rare trilobite faunas (Orłowski 1985a). The Nowa
Łagowica and Wola Jastrzębska sections, c. 10 km to
the east, are small, densely overgrown ravines on the
left bank of the Łagowica River, near the villages of

Nowa Łagowica and Wola Jastrzębska (Text-fig. 4B),
that expose siltstones and shales of the Kamieniec For-
mation, which yield rare but important trilobite faunas
(Orłowski 1985a). Exposures near Kamieniec (Text-fig.
4B) yield rare trilobites from the dam and mill along
the Koprzywianka River (Samsonowicz 1920, 1956,
1960, 1962; Orłowski 1985a). The succession, consid-
erably overgrown, is still visible along the river. Two
productive acritarch samples from the Kamieniec dam
were analysed.

Konary

A rare and poorly preserved trilobite fauna was de-
scribed from coarse-grained sandstones (Słowiec For-
mation) from the quarry on Konarska Hill (Samso-
nowicz 1920; Orłowski 1971) (Text-fig. 4B). The sand-
stones are underlain by shales of the Kamieniec For-
mation, which crop out in the village of Konary; the
shales were sampled for acritarchs.

Jugoszów and Usarzów

These classic Middle Cambrian occurrences in the
HCM (Text-fig. 4B; Samsonowicz 1934; Orłowski
1959a, b, 1964) are the stratotype of the Usarzów For-
mation with its contact to the underlying Kamieniec
Formation (Orłowski 1975b). Located on the eastern
slope of a stream flowing through Usarzów, Osiny, and
Jugoszów (Jugoszów–Usarzów section) and in small
exposures in its vinicity (Helenów, Sternalice) (see
Orłowski 1964, fig. 2), they are one of the most fossil-
iferous Cambrian units in the HCM (trilobites and
echinoderms; Orłowski 1959a, 1964; Dzik and
Orłowski 1995). Of the three acritarch samples col-
lected, one, taken from the stream slope near the Ju-
goszów 20 section, was productive.

Lenarczyce PIG 1 borehole and Lenarczyce exposure

The Lenarczyce PIG 1 borehole (project PCZ-007-
21 ‘Palaeozoic Accretion of Poland’) was drilled re-
cently near the village of Lenarczyce (Text-fig. 4B).
Structurally, the borehole is located in the Kielce Re-
gion, just a few kilometres south of the Holy Cross Fault.
Below the Furongian occurs a 15-m thick complex of
tectonically disturbed shales (Szczepanik et al. 2004a,
b). Similar rocks are exposed in escarpments in the vil-
lages of Lenarczyce and Kobierniki. These deposits
have been assigned to an informal lithostratigraphic unit
termed the Kobierniki Beds (Szczepanik et al. 2004b)
of Middle Cambrian age. Five productive acritarch sam-
ples were collected from the core and exposure.
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BIOSTRATIGRAPHIC ANALYSIS OF THE
TRILOBITE AND ACRITARCH ASSEMBLAGES

Trilobite assemblages

Assemblages 1a and 1b (Kamieniec Formation) (Text-
figs 6–8; Pl. 1)

The material comprises c. 80 specimens from the
Kamieniec, Nowa Łagowica and Wola Jastrzębska sec-
tions and the Zaręby 2 borehole core. The trilobite fauna
displays relatively high taxonomic diversity (7 taxa;
Text-figs 7 and 8).

The Protoleninae of both assemblages indicate the
traditional ‘Protolenus Zone’. The ‘Protolenus Fauna’
or ‘Zone’, typically composed of Protolenus Matthew,
1892 (s.l.), Strettonia Cobbold, 1931, Calodiscus How-
ell, 1935, Serrodiscus Richter and Richter, 1941, and
Cobboldites Kobayashi, 1943, was recognized as a late
Early Cambrian unit in Newfoundland (e.g., Matthew
1895; Landing 1992; Fletcher 2006) and England (e.g.,
Cobbold 1927; Rushton 1966, 1974). In a formal sense
(i.e. Protolenus–Strenuaeva Assemblage Zone), the
unit was recognized in the study area by Orłowski
(1987). The interval corresponds to the ‘Ornamen-
taspis’ linnarssoni Zone of Sweden (Bergström and
Ahlberg 1981; Ahlberg and Bergström 1993) and can
be correlated with the Hupeolenus and Cephalopyge
notabilis zones of Morocco (Geyer and Landing 2004;
Text-fig. 2). Typical Protoleninae in the study area are
Protolenus (P.) expectans Orłowski, 1985a (Pl. 1, Fig.
5), similar to e.g., Protolenus (P.) densigranulatus
Geyer, 1990b (Geyer 1990b; Geyer and Landing 2004)
from the Hupeolenus and C. notabilis zones of Mo-
rocco, and Protolenus (Hupeolenus) czarnockii
Orłowski and Bednarczyk, 1965 (Pl. 1, Figs 3, 4),
which is mostly characteristic of the Hupeolenus Zone
in Morocco (Geyer 1990b). Hupeolenus was also iden-
tified in Spain (Dies et al. 2001), from the uppermost
‘Bilbilian’ Hamatolenus (H.) ibericus Zone (= Pro-
tolenus jilocanus Zone – see Dies Álvarez and Gozalo
2006; Text-fig. 2). However, Protolenus (Hupeolenus)
cf. termierelloides Geyer, 1990b of Dies et al. (2001)
was shown to represent Hamatolenus (Hamatolenus)
vincentii Geyer and Landing, 2004, a representative of
the C. notabilis Zone fauna (see Geyer and Landing
2004 for discussion). The third Protoleninae species in
the study area is Hamatolenus (Hamatolenus) glabel-
losus (Orłowski, 1985a) (Pl. 1, Fig. 2), which is simi-
lar to, if not synonymous with, Hamatolenus
(Hamatolenus) marocanus (Neltner, 1938) from the C.
notabilis and Ornamentaspis frequens zones of Mo-
rocco (Geyer 1990b).

The C. notabilis Zone age is also indicated by
Strettonia cobboldi Orłowski and Bednarczyk, 1965
(Pl. 1, Figs 6, 7) and eodiscids. Strettonia comleyensis
Cobbold, 1931 was described from the Protolenus
Limestone of Shropshire, England (Cobbold 1931)
and Strettonia sp. from the C. notabilis Zone in the
Siskawn region of Morocco (Geyer 1994; Geyer and
Palmer 1995). The eodiscid Cobboldites comleyensis
(Cobbold, 1910) (Pl. 1, Fig. 8) was first described (as
a Microdiscus species) by Cobbold (1910) from the
Protolenus Limestone, Shropshire. A possible Cob-
boldites accompanied by other eodiscids was noted in
the Purley Shales of Warwickshire, England (Rushton
1966; see Fletcher 2006, p. 53), in the Orodes howleyi
Zone of Newfoundland, corresponding to the Moroc-
can Hupeolenus Zone (Fletcher 2006), and also in the
C. notabilis Zone of Morocco (Geyer 1988; Geyer and
Palmer 1995). According to Geyer and Landing
(2004), the C. notabilis Zone is an interval with a maxi-
mum sea-level in the Early–Middle Cambrian bound-
ary interval. The other eodiscid, Serrodiscus primar-
ius Orłowski, 1985a (Pl. 1, Fig. 9), represents one of
the genera characterizing the Protolenus Limestone of
Comley (e.g., Rushton 1974; Geyer and Landing
2004) and the Purley Shales of Warwickshire (Rush-
ton 1966). The genus was originally described from
southern Spain (Richter and Richter 1941), and fur-
ther from south-western Spain (Liñán and Perejón
1981). Other West Gondwanan occurrences are the
Lower Cambrian Sectigena Zone of Morocco (Hupé
1953; Geyer 1988) and the Charlottenhof Formation
(Lusatiops Member) in the Görlitz Synclinorium of
eastern Germany (e.g., Geyer and Elicki 1995). The
genus seems to have a worldwide distribution and a
narrow stratigraphic range (see Jell in Kaesler 1997),
although it is unknown from Baltica. Finally, the C.
notabilis Zone age of the assemblage is indicated by a
probable juvenile oryctocephalid in the Zaręby 2 bore-
hole (Bednarczyk et al. 1965, fig. 11). Oryctoce-
phalids are very rare in West Gondwana, known only
from the Protolenus jilocanus Zone in Spain (Liñán
and Gozalo 1999) and the C. notabilis Zone in Mo-
rocco (Geyer 2006).

Summing up, the trilobite fauna of Assemblages 1a
and 1b, referred formerly to the Protolenus beds
(Czarnocki 1927, 1933; Samsonowicz 1959a, b), Pro-
tolenus Zone (Orłowski 1985a), or the Protolenus–
Strenuaeva Zone (Orłowski 1987) corresponds to the
boundary interval of the Hupeolenus and C. notabilis
zones. As the Strenuaeva species from this assemblage
were shown to be Issafeniella (Żylińska and Masiak
2007 and this paper), the zone is referred herein to the
Protolenus–Issafeniella Zone.

CAMBRIAN TRILOBITE AND ACRITARCH ASSEMBLAGES 419



Assemblages 2a and 2b (Ociesęki Formation) (Text-figs
6–8; Pl. 2)

Two characteristic trilobite assemblages dominated
by ellipsocephalids occur in the Ociesęki Formation.As-
semblage 2a is a low-diversity (only 2–3 taxa; see Text-
figs 7 and 8) but high-frequency assemblage (hundreds
of collectable specimens). Its most characteristic ele-
ment is Kingaspidoides sanctacrucensis (Czarnocki,
1927) emend. Żylińska in Żylińska and Masiak, 2007
(Pl. 2, Figs 2, 4, 5), a taxon endemic to the HCM, which
spans an interval from the Protolenus-Issafeniella to the
Paradoxides polonicus zones (Orłowski 1964; Bednar-
czyk 1970; Żylińska and Masiak 2007). In Morocco, the
highest diversity of Kingaspidoides spp. is noted in the
C. notabilis Zone (Agdzian), where it is represented by
at least seven species. Kingaspidoides velata (Sdzuy,
1961) and K. cf. velata from Spain indicate an older age,
from the middle and upper Marianian up to the lower
Bilbilian (Liñán et al. 2003), corresponding to the mid-

dle and upper part of the Banian (Geyer and Landing
2004; see Text-fig. 2).Another element of assemblage 2a
is Issafeniella Geyer, 1990b (Text-fig. 7; Pl. 2, Figs 1, 3).
The genus occurs in the middle and upper Banian Stage
of West Gondwana (Geyer and Landing 2004; Text-fig.
2). Issafeniella orlowinensis (Samsonowicz, 1959a)
emend. Żylińska in Żylińska and Masiak, 2007, together
with K. sanctacrucensis, also appears in the Eccapara-
doxides insularis Zone (Brzechów, Słowiec Formation;
Bednarczyk 1970; Żylińska and Masiak 2007), thus in
strata corresponding to the lowermost Agdzian Stage.
The low taxonomic diversity of the assemblage and the
co-occurrence ofAntatlasiinae and Ellipsocephalinae do
not allow unequivocal correlation with the Moroccan
succession. The co-occurrence with two species of Is-
safeniella may indicate the Banian Stage (Sectigena
Zone; see Text-fig. 2). However, the presence of a
kingaspidoid species may point instead to the Hupe-
olenus or C. notabilis zones of the Agdzian. A similar
case was noted in Avalonia by Fletcher (2003, 2006),
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Text-fig. 6. Position of the recognized trilobite and acritarch assemblages and their position within the Cambrian litho- and biostratigraphic
scheme for the HCM. Explanations as in Text-fig. 5. *marks the Lower–Middle Cambrian boundary after Orłowski (1988, 1992), **marks the

Atlasian–Celtiberian series boundary after Geyer and Landing (2004), and *** marks the FAD of Oryctocephalus indicus



who reported Strenuaeva nefanda Geyer, 1990b from
the Cephalopyge Zone of south-western Newfoundland,
a species which in Morocco is known from the lower
Sectigena Zone (Geyer and Landing 2004). In the HCM
zonation, the interval with the Issafeniella–Kingaspi-
doides association has been referred to the Protolenus–
Strenuaeva Assemblage Zone (Orłowski 1987), the
Protolenus–Issafeniella Zone herein.

Another constituent of Assemblage 2a is an obolid
brachiopod, Westonia bottnica Wiman, 1902. Its pres-
ence in the Widełki-Łapigrosz section was widely noted
(Czarnocki 1927, 1933; Jendryka-Fuglewicz 1992;
Belka et al. 2000); however, its taxonomic assignment,
stratigraphic potential and biogeographic significance
is seriously doubted (Cocks 2002).

Assemblage 2b, recognized in sandstone blocks col-
lected along the Zamczysko–Słowiec road, is much more

diverse (8 taxa) and dominated by ellipsocephalines
(Text-fig. 8). The dominant element of this assemblage,
the genus Ornamentaspis Geyer, 1990b, is characterized
by wide geographic distribution, noted in Scandinavia
(Baltica), Germany, Bohemia, Spain and Morocco (West
Gondwana) (Geyer 1990b). In Morocco it first appears in
the Hupeolenus Zone, and has the highest taxonomic di-
versity in the O. frequens Zone (10 taxa) (Geyer 1990b).
In the analysed assemblage the most abundant is O.
puschi (Orłowski, 1959b) (Pl. 2, Figs 7, 8).

Ornamentaspis is accompanied by other ellipso-
cephalids, Kingaspis guerichi (Orłowski, 1959b), Orodes
usarzowi (Orłowski, 1985b) (Pl. 2, Fig. 6), and Kingaspi-
doides sandomiri (Orłowski, 1959b). Kingaspis Koba-
yashi, 1935 emend. Geyer and Landing, 2001 is hitherto
known only from West Gondwana, with its type species,
K. campbelli (King, 1923) known from the lowest Mid-
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Text-fig. 7. Distribution of trilobite taxa in particular assemblages
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Text-fig. 8. Composition of trilobite assemblages with regard to (A) number of specimens; (B) percentage
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dle Cambrian of Jordan (Rushton and Powell 1998),
from a level probably equivalent to the C. notabilis Zone
of Morocco (Geyer 1990b). Moroccan species generally
occur in the C. notabilis and O. frequens zones (Geyer
1990b). Specimens referred to K. campbelli from the
Protolenus jilocanus Zone of Spain (Liñán et al. 2003)
were shown to be taxonomically distinct from the origi-
nal material (Geyer and Landing 2004). The former Pol-
ish reports of Kingaspis (Orłowski 1964; Lendzion 1972)
were assigned to other genera (see systematic descrip-
tions). The genus Orodes Geyer, 1990b was originally
described from the Hupeolenus and C. notabilis zones of
Morocco (Geyer 1990b). It also probably occurs in the
upper ‘Ornamentaspis’ linnarssoni Zone in northern
Sweden (Axheimer et al. 2007), and in the Orodes how-
leyi Zone of Newfoundland (Fletcher 2006). The genus
Kingaspidoides Hupé, 1953 emend. Geyer, 1990b spans
the entire Agdzian Stage in West Gondwana (Geyer and
Landing 2004), and has a similar range in the HCM; K.
sanctacrucensis ranges from the Protolenus–Issafeniella
Zone up to the Paradoxides polonicus Zone, and K. san-
domiri and K. jugoszowi (Orłowski, 1959b) span the Ec-
caparadoxides insularis through to the Paradoxi-
des polonicus zones.

Assemblage 2b most probably represents the E. in-
sularis Zone, although this stratigraphic position is
equivocal. The assemblage is therefore referred to a
wide interval corresponding to the Scandinavian
Acadoparadoxides oelandicus Superzone.

Assemblages 3a, 3b and 5 (Słowiec Formation) (Text-
figs 6–8; Pl. 3, Figs 1–5)

Assemblage 3a is known exclusively from Brze-
chów (Text-fig. 7; see Żylińska and Masiak 2007 for
details). It is dated by Paradoxides (Acadoparadoxides)
oelandicus Sjögren, 1872, the index species of the
eponymous Superzone in Scandinavia (Sjögren 1872;
Linnarsson 1877; Westergård 1928, 1936; Hennings-
moen 1952). However, the presence of Palaeolenus
medius (Bednarczyk, 1970) emend. Żylińska in
Żylińska and Masiak, 2007 and Myopsolenites* kiel-
censis (Bednarczyk, 1970) emend. Żylińska in Żylińska
and Masiak, 2007, a member of the short-ranging
Onaraspis clade (see Geyer and Landing 2004), allows
the stratigraphical range of Assemblage 3a to be nar-
rowed to an interval equivalent to the C. notabilis Zone
of Morocco (Geyer and Landing 2004; Żylińska and
Masiak 2007). A distinctly older position is suggested
by members of the subfamily Antatlasiinae (represented

herein by I. orlowinensis), which in Morocco occur in
the A. guttapluviae and Sectigena zones (Geyer 1990b),
although these were also reported in the Cephalopyge
Zone of south-western Newfoundland (Fletcher 2003).
Also, the co-occurrence of P. (A.) oelandicus with P.
(A.) cf. mureroensis (Sdzuy, 1958), the second para-
doxidid in Assemblage 3a, may indicate an earlier ap-
pearance of P. (A.) oelandicus in the HCM than in
Scandinavia. If this is correct, it means that time-equiv-
alent strata of beds containing Assemblage 3a are mis-
sing in the epicratonic seas of Baltica (see also Żylińska
and Masiak 2007), where a stratigraphic gap is recorded
at the Lower–Middle Cambrian boundary transition
(e.g., Lendzion 1976; Bergström and Gee 1985; see also
Nielsen and Schovsbo 2006). This gap most probably
resulted from the late Early Cambrian circum-Iapetus
‘Hawke Bay’ regression (Palmer and Jones 1980).

Assemblage 3b, known from sandstones on
Konarska Hill (Text-fig. 8), contains the antatlasiine I.
cf. orlowinensis (Pl. 3, Fig. 4), the ellipsocephaline Or-
namentaspis hupei (Orłowski, 1964) (Pl. 3, Figs 1, 2)
and the protolenine Latoucheia (Latoucheia) longa
(Orłowski, 1959b) (Pl. 3, Figs 3, 5). In Morocco, La-
toucheia Hupé, 1953 emend. Geyer, 1990b occurs ex-
clusively in the C. notabilis Zone (Geyer 1990b), and in
Newfoundland it is known from the Orodes howleyi
Zone (Fletcher 2006). Other taxa of the assemblage are
known from the boundary interval of the Hupeolenus
and C. notabilis zones of Morocco (see above).

Assemblage 5, known from the Słowiec Hill (Text-
fig. 6; after Orłowski 1965, 1985b, 1988), is domi-
nated by paradoxidids indicative of the upper Middle
Cambrian Paradoxides polonicus Zone and, conse-
quently, will not be discussed further herein. Interest-
ingly, however, it shows the co-occurrence of
Ellipsocephalidae, noted from the lower Middle Cam-
brian, e.g., Ornamentaspis spp. and Latikingaspis
samsonowiczi (Orłowski, 1964), and of rare Soleno-
pleuridae, e.g., Parasolenopleura linnarssoni (Brøg-
ger, 1878), and of Dorypygidae (Orłowski 1985b),
known from the middle and upper Middle Cambrian.
In Sweden, P. linnarssoni is known from the middle
Middle Cambrian Paradoxides paradoxissimus Su-
perzone (Westergård 1946; Axheimer and Ahlberg
2003). The base of this interval (FAD of Ptychagnos-
tus atavus) is now globally recognized as the base of
the Middle Cambrian Drumian Stage (Babcock et al.
2007), and correlates with the West Gondwanan mid-
Caesaraugustian Stage (Geyer and Shergold 2000;
Geyer and Landing 2004).

* Myopsolenites was considered a junior subjective synonym of Onaraspis Öpik by Dies Álvarez et al. (2007). Following Geyer and Landing
(2004) it is regarded herein an independent genus (see Żylińska and Masiak 2007).



Assemblages 4a and 4b (Usarzów Formation) (Text-
figs 6–8; Pl. 3, Figs 6–10; Pls 4, 5)

These two assemblages, known from the Jugo-
szów–Usarzów section and other localities of the Us-
arzów Formation, are characterized by the co-occur-
rence of paradoxidids and numerous and diverse
ellipsocephalids, dominated by Ornamentaspis (Text-
figs 7, 8). The stratigraphic sub-division of the Ju-
goszów–Usarzów section, based on paradoxidid trilo-
bites, was proposed by Orłowski (1959a, 1964). The
Jugoszów 1a, Jugoszów 1 and Sternalice sections
yielded (see Appendix 1) Paradoxides (Eccaparado-
xides) insularis Westergård, 1936 (Pl. 4, Fig. 8) and P.
(A.) oelandicus (Pl. 4, Fig. 7), indicating the lower A.
oelandicus Superzone (Eccaparadoxides insularis
Zone). Paradoxides (Acadoparadoxides) czarnockii
(Orłowski, 1959a) (Pl. 4, Fig. 10), another paradoxidid
present in this part of the succession (Sternalice), is en-
demic. It shows, however, a strong similarity to P. (A.)
harlani Green, 1834 emend. Geyer and Landing, 2001,
known from the P. (A.) harlani Zone of Massachusetts,
USA (Avalonia), which can tentatively be correlated
with the lower O. frequens Zone of Morocco and the E.
insularis Zone in Baltica (Geyer and Landing 2001).
The other exposures of the Usarzów Formation, based
on the presence of Paradoxides (Eccaparadoxides)
pinus Westergård, 1936 (Pl. 4, Fig. 9), were referred to
the upper part of the A. oelandicus Superzone (Ecca-
paradoxides pinus Zone = Ptychagnostus praecurrens
Zone) (Orłowski 1964), equivalent of the upper O. fre-
quens and the Kymataspis arenosa zones of Morocco.
The co-occurrence of P. (A.) cf. mureroensis, P. (A.) oe-
landicus and of P. (E.) insularis noted in the Jugoszów
1a section (see Appendix 1) may suggest (similarly as
in the case of Assemblage 3a from Brzechów; see above
and Żylińska and Masiak 2007) that the time-equiva-
lent of this interval in Baltica is missing.

Other species of Assemblage 4a, Protolenus (Pro-
tolenus) polonicus Orłowski, 1964 (Pl. 5, Figs 9, 12),
L. (L.) longa, and O. usarzowi (Pl. 5, Figs 6–8), allow
its correlation with the C. notabilis Zone of Morocco
(see above).

Assemblage 4b is dominated by ellipsocephalines
(see Text-fig. 8), with Ornamentaspis as the most com-
mon genus (Pl. 3, Fig. 8; Pl. 4, Fig. 5).

Both assemblages share a number of species, which
occur in variable abundance. Latikingaspis samsono-
wiczi (Pl. 5, Figs 10, 11, 13) is the most abundant in As-
semblage 4a. Latikingaspis sulcatus Geyer, 1990b is
known from the Hupeolenus Zone (Geyer 1990b), and
L. alatus (Hupé, 1953) emend. Geyer, 1990b was noted
from the C. notabilis Zone (Hupé 1953; Geyer 1990b).

Rare Kingaspidoides jugoszowi (Pl. 4, Fig. 3), K. san-
domiri (Pl. 4, Figs 1, 2), Kingaspis guerichi (Pl. 3, Figs
9, 10) and Ellipsocephalus hoffi (Schlotheim, 1823) (Pl.
5, Figs 3–5) are also present in both assemblages. El-
lipsocephalus hoffi spans the interval between the mid-
Agdzian Stage and the basal Languedocian Stage in
West Gondwana (Šnajdr 1958; Valíček and Szabad
2002; Geyer and Landing 2004; Geyer et al. 2008).

Acritarch assemblages

Biostratigraphic analysis of the acritarch assem-
blages has been based on 17 productive samples col-
lected from seven exposures and borehole-sections.
Samples were taken from siltstones and shales in the
Kamieniec and Usarzów formations and in the Ko-
bierniki Beds. Shales from the ditch made in Brzechów
(undetermined lithostratigraphic unit) were also sam-
pled. To supplement the observations, previously col-
lected samples from the studied interval (Lenarczyce
PIG 1 borehole, Zaręby 2 borehole, vicinity of Ju-
goszów and Kamieniec), housed in the Holy Cross
Branch of the Polish Geological Institute in Kielce,
were re-analysed. Ranges of selected acritarch taxa in
the study area are presented in Text-fig. 9.

Assemblage 1a (Kamieniec Formation in the Zaręby 2
borehole, 1290.0 m) (Text-figs 6 and 9; Pl. 6)

This low-frequency and low-diversity assemblage
contains abundant and morphologically diverse Leio-
sphaeridia sp. (Pl. 6, Fig. 15), accompanied by Lophos-
phaeridium spp. (Pl. 6, Figs 21, 28, 30), Granomarginata
spp. (Pl. 6, Figs 8, 14, 17, 18), Pterospermella solida
(Volkova) Volkova in Volkova et al., 1979 (Pl. 6, Fig. 16),
frequent Heliosphaeridium spp. (Pl. 6, Figs 22–24) and
Asteridium sp. (Pl. 6, Fig. 25). The most characteristic in
the assemblage is, however, Volkovia dentifera (Volkova)
Downie, 1982 (Pl. 6, Figs 31–48), the index taxon of the
Volkovia–Liepaina Acritarch Zone (Moczydłowska
1991) (Text-fig. 3). This species is widely known in east-
ern Poland (Volkova 1969; Volkova et al. 1983; Moczy-
dłowska 1991), Latvia, Ukraine (Volkova 1969; Volkova
et al. 1983), Sweden (Eklund 1990) and Scotland
(Downie 1982), where it occurs in the late Early Cam-
brian Protolenus Zone. Its occurrence in the Zaręby 2
borehole is, however, exceptional because of its high
abundance; usually V. dentifera is an accessory element
in the assemblages. The Volkovia–Liepaina Zone (corre-
sponding to the Protolenus–Issafeniella Zone) age ofAs-
semblage 1a is also confirmed by single finds of
?Liepaina sp. (Pl. 6, Fig. 11), Heliosphaeridium cf.
longum (Moczydłowska) Moczydłowska, 1991 (Pl. 6,
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Fig. 22), H. cf. notatum (Volkova) Moczydłowska, 1991
(Pl. 6, Fig. 23) and Polygonium varium (Volkova)
Moczydłowska, 1998 (Pl. 6, Figs 4, 5).

Assemblage 1b (Kamieniec Formation at Kamieniec
dam) (Text-figs 6 and 9; Pl. 7)

It is a typical Lower Cambrian palynofloral assem-
blage, with numerous Skiagia spp., Lophosphaeridium
spp., Pterospermella spp. and Heliosphaeridium spp. The
assemblage is widely known in the EEC (Volkova 1969;
Yankauskas 1972, 1974, 1975; Yankauskas and Posti
1973, 1976; Moczydłowska 1980, 1981, 1989, 1991;
Volkova et al. 1983; Moczydłowska and Vidal 1986,
1988), Scandinavia (Vidal 1981; Moczydłowska and
Vidal 1986, 1992; Hagenfeldt 1989a; Eklund 1990),
Scotland, Greenland, Canada (Downie 1982; Vidal and

Peel 1993), Spain (Palacios and Vidal 1992; Palacios and
Moczydłowska 1998; Palacios et al. 2006) and Siberia
(Moczydłowska and Vidal 1988; Vidal et al. 1995).

The assemblage is composed of abundant Leio-
sphaeridia sp. (Pl. 7, Fig. 30), numerous Leiovalia te-
nera Kiryanov, 1974 (Pl. 7, Figs 31–33), taxonomically
variable Skiagia spp. (Pl. 7, Figs 1–11), Lopho-
sphaeridium spp. (Pl. 7, Figs 12–15), Pterospermella
spp. (Pl. 7, Figs 17–19), Granomarginata spp. (Pl. 7,
Figs 20, 22–24) and Heliosphaeridium spp.

The biostratigraphy of the assemblage is not straight-
forward. The presence of Skiagia ciliosa (Volkova)
Downie, 1982 (Pl. 7, Figs 1, 2), Pterospermella solida
(Volkova) Volkova, in Volkova et al., 1979 (Pl. 7, Fig.
19), Leiovalia tenera Kiryanov, 1974 (Pl. 7, Figs 31–
33) and Polygonium varium (Volkova) Moczydłowska,
1998 (Pl. 7, Fig. 25) suggests the Heliosphaeridium–

Text-fig. 9. Range chart of selected acritarch taxa in the studied interval
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Skiagia and Volkovia–Liepaina acritarch zones (Moczy-
dłowska 1991), corresponding to the Vergale–Rausve
acritarch horizons (Volkova et al. 1983; see Text-fig.
3). The critical taxon, however, is Volkovia dentifera
(Pl. 7, Fig. 28), indicative of the Volkovia–Liepaina
acritarch Zone (Moczydłowska 1991), correlated with
the Rausve acritarch horizon (Volkova et al. 1983; see
Text-fig. 3), and corresponding to the Protolenus Zone.
The most surprising element of Assemblage 1b is Elia-
sum llaniscum Fombella, 1977 (Pl. 7, Fig. 35), the index
taxon of the basal Middle Cambrian (Moczydłowska
1998, 1999; Palacios and Moczydłowska 1998), al-
though the species is also reported from the uppermost
Lower Cambrian (Volkova et al. 1979; Hagenfeldt
1989a; Young et al. 1994). Jankauskas and Lendzion
(1992, 1994) suggested that E. llaniscum and other rep-
resentatives of the Kibartai Acritarch Horizon appear
already with Rausve acritarchs, but this appeared un-
certain (Moczydłowska 1998, p. 68). In the HCM E.
llaniscum first appears evidently in the Volkovia–
Liepaina Zone, co-occurring with trilobites indicative
of the Protolenus–Issafeniella Zone (Text-fig. 6)

Assemblage 2 (Kobierniki Beds in the Lenarczyce PIG
1 borehole; 132.5–138.7 m) (Text-figs 6 and 9; Pls 8
and 9, Figs 1–26)

The assemblage is dominated by Leiosphaeridia sp.,
accompanied by Comasphaeridium spp. (Pl. 8, Figs 17,
18, 20–23; Pl. 9, Figs 24, 25), Lophosphaeridium spp.
(Pl. 9, Figs 19–23) and other taxa (Text-fig. 9). Also
quite frequent is Liepaina plana Yankauskas and
Volkova in Volkova et al., 1979 (Pl. 8, Figs 1–7), the
index taxon of the Volkovia–Liepaina Zone (Moczy-
dłowska 1991), widely known in the EEC (Volkova et
al. 1983; Moczydłowska 1991). Another characteristic
taxon is Skiagia insignis (Fridrichsone) Downie, 1982
(Pl. 8, Figs 12–16), spanning the upper Lower through
to basal Middle Cambrian (Volkova et al. 1983; Hagen-
feldt 1989a, b). Another Skiagia species is S. ciliosa (Pl.
9, Fig. 1), which is common in the Lower Cambrian, but
is also noted in the Middle Cambrian A. oelandicus Su-
perzone (Volkova et al. 1983; Hagenfeldt 1989b; Ek-
lund 1990; Moczydłowska 1998, 1999). Also strati-
graphically significant is Heliosphaeridium cf. notatum
(Pl. 9, Figs 8–10) noted widely in the Protolenus Zone
and the lower A. oelandicus Superzone (Vanguestaine
and Van Looy 1983; Volkova et al. 1983; Hagenfeldt
1989a, b; Vidal and Peel 1993; Moczydłowska 1998;
Palacios et al. 2006). The same age is suggested by Elia-
sum spp. (Pl. 8, Figs 27–31, 33, 34), and particularly E.
cf. llaniscum (Pl. 8, Figs 29, 30), indicative of the Mid-
dle Cambrian (see Moczydłowska 1999). InAssemblage

2, Eliasum co-occurs with Volkovia dentifera; this was
also observed in Assemblage 1b. Also characteristic of
the Middle Cambrian is Comasphaeridium silesiense
Moczydłowska, 1998 (Pl. 8, Figs 17, 18) (see Moczy-
dłowska 1999; Palacios et al. 2006); it was additionally
noted from the Furongian in the Sosnowiec IG-1 bore-
hole, Upper Silesia (Moczydłowska 1998), although a
different interpretation was presented in Jachowicz and
Buła (1996). In Spain (Palacios et al. 2006), C. silesiense
has been considered the index taxon of the C. silesiense
Zone, an equivalent of the A. oelandicus Superzone.
Such a stratigraphic position is also suggested by Co-
masphaeridium longispinosum Hagenfeldt, 1989b (Pl.
9, Figs 24, 25), Lophosphaeridium variabile Volkova,
1974 (Pl. 9, Figs 19, 21), L. latviense (Volkova) Moczy-
dłowska, 1998 (Pl. 9, Fig. 22), Multiplicisphaeridium xi-
anum Fombella, 1977 (Pl. 9, Figs 11, 12) and Celti-
berium sp. (Pl. 8, Figs 39, 41; Pl. 9, Fig. 26). The taxon
which complicates the stratigraphic interpretation of the
assemblage is Adara alea Martin in Martin and Dean,
1981 (Pl. 8, Figs 8–11), reported so far exclusively from
the distinctly younger, late Middle Cambrian P. para-
doxissimus Superzone (e.g., Moczydłowska 1998; Pala-
cios et al. 2006). The presence of this taxon is interpreted
herein as the recognition of its actual much earlier ap-
pearance. The suggestion that the Lenarczyce PIG 1
borehole sample may simply represent a condensed suc-
cession, spanning the A. oelandicus and P. paradoxis-
simus superzones, is highly improbable; in other HCM
sections of the P. paradoxissimus Superzone, acritarch
assemblages are dominated by Cristallinium cambriense
(Slavíková) Vanguestaine, 1978 and Cymatiosphaera
cramerii Slavíková, 1968, which are absent from the
Lenarczyce PIG-1 borehole sample.

Assemblage 3 (ditch near Brzechów) (Text-figs 6 and 9;
Pl. 9, Figs 27–41)

This is a low-diversity and low-frequency assem-
blage composed of Leiosphaeridia sp. (Pl. 9, Figs 31,
33, 34), long-ranging Granomarginata squamacea
Volkova, 1968 (Pl. 9, Figs 35, 37) and Cristallinium cf.
cambriense (Pl. 9, Figs 27, 28). The presence of the last
taxon indicates a level not older than the Middle Cam-
brian (Moczydłowska 1998, 1999), and agrees well
with the recognized stratigraphical position of other
species, such as Comasphaeridium silesiense (Pl. 9, Fig.
38), Lophosphaeridium cf. latviense (Pl. 9, Fig. 41),
Retisphaeridium sp. (Pl. 9, Figs 29, 30) and Dictyoti-
dium sp. (Pl. 9, Fig. 39).

Assemblage 4 (Usarzów Formation, Jugoszów 20 sec-
tion) (Text-fig. 6; Pl. 9, Figs 42–45)
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This assemblage is composed of high-frequency
but low-diversity palynomorphs represented almost
entirely by large Leiosphaeridia. Other members are
very rare Eliasum sp. A (Pl. 9, Figs 42–44), Cyma-
tiosphaera cf. postae (Yankauskas) Yankauskas in
Volkova et al., 1979 (Pl. 9, Fig. 45) and Lopho-
sphaeridium sp. Although the recognized taxa do not
give a precise age assignement, the sample can be
dated by co-occurring trilobites as the low Middle
Cambrian (Text-fig. 6)

Assemblage 5 (Kobierniki Beds at Lenarczyce) (Text-
figs 6 and 9; Pl. 10)

This assemblage is dominated by long-ranging
Leiosphaeridia sp. (Pl. 10, Figs 14, 21, 29), relatively
frequent Cymatiosphaera cramerii (Pl. 10, Fig. 17),
morphologically diverse Heliosphaeridium spp. (Pl. 10,
Fig. 25), Comasphaeridium silesiense (Pl. 10, Fig. 19),
Retisphaeridium sp. (Pl. 10, Figs 9, 10, 13), Multiplicis-
phaeridium xianum (Pl. 10, Fig. 24) and rare Lophos-
phaeridium spp. (Pl. 10, Figs 26–28). Granomarginata
squamacea (Pl. 10, Fig. 20) is very rare. The co-occur-
rence of stratigraphically important taxa such as
Cristallinium cambriense (Pl. 10, Figs 1–7) and Elia-
sum llaniscum (Pl. 10, Figs 31, 33), unequivocally indi-
cates its Middle Cambrian age (Moczydłowska 1998,
1999; Palacios et al. 2006). The taxa co-occur abun-
dantly in the Middle Cambrian (upper A. oelandicus Su-
perzone to P. forchhammeri Superzone) (Fombella
1977, 1978, 1979; Martin and Dean 1981, 1984, 1988;
Welsch 1986; Erkmen and Bozdoğan 1988; Hagenfeldt
1989b; Volkova 1990; Jankauskas and Lendzion 1992,
1994; Moczydłowska 1998, 1999; Palacios and Moczy-
dłowska 1998; Szczepanik 2000, 2001). The lack of
Timofeevia spp., typical of the upper Middle Cambrian,
and the absence of diverse populations of Skiagia, sug-
gest the middle Middle Cambrian age of the assemblage.

DISCUSSION

With a single exception, all of the trilobite assem-
blages distinguished in the studied HCM sections cor-
respond to the Agdzian Stage of the West Gondwanan
scale (Geyer 1990b; Geyer and Landing 2004). The
exception is Assemblage 2a, known from the Ociesęki
Formation (see Text-fig. 6), which is correlated with
the Banian Stage. If the latter assumption is correct it
would mean an earlier appearance of the trilobite
genus Kingaspidoides, similarly as in Spain (Liñán et
al. 2003), in comparison to Morocco where it is
claimed to appear first in the Agdzian Stage. For the

HCM succession it would mean that the base of the
Middle Cambrian, according to the West Gondwanan
standard (Geyer and Landing 2004), should be placed
above this assemblage (Text-fig. 6). Assemblage 2b
from the Ociesęki Formation (Text-fig. 6) is question-
ably referred to the E. insularis Zone of the A. oe-
landicus Superzone, which corresponds to the middle
Adgzian C. notabilis Zone of Morocco; the Hupe-
olenus Zone, representing the oldest Agdzian Stage
was not recognized in the Ociesęki Formation.

The stratigraphical equivalent of the boundary inter-
val of the Hupeolenus–C. notabilis zones of the Agdz-
ian Stage in West Gondwana is the Kamieniec
Formation yielding protolenines (trilobite assemblages
1a and 1b in Text-fig. 6) and acritarchs (acritarch as-
semblages 1a and 1b in Text-fig. 6), indicating the Pro-
tolenus–Issafeniella Zone and partially the Volkovia
dentifera–Liepaina plana Zone as recognized in the
EEC. However, acritarch assemblage 1b also yields
acritarchs so-far considered typical of the Middle Cam-
brian; Volkovia dentifera and other species indicative of
the Lower Cambrian co-occur with Eliasum llaniscum,
a taxon characteristic of the basal Middle Cambrian (see
above). The ranges of V. dentifera and E. llaniscum have
never been shown to overlap either in Scandinavia or
the EEC (Volkova et al. 1983; Hagenfeldt 1989a; Ek-
lund 1990; Moczydłowska 1991; Pacześna 2008). The
new observation shows that acritarch assemblage 1b is
transitional between the Lower Cambrian Volkovia den-
tifera–Liepaina plana Zone associations and the Mid-
dle Cambrian associations of the Kibartai Acritarch
Horizon as defined by e.g. Volkova et al. (1983). Thus,
the exchange of acritarch assemblages across the
Lower–Middle Cambrian boundary interval was more
gradual than hitherto interpreted.

In Spain, the base of the Middle Cambrian Elia-
sum llaniscum–Celtiberium dedalinum Zone lies
slightly below the FAD of Paradoxides (A.) mureroen-
sis (Palacios and Moczydłowska 1998; Moczy-
dłowska 1999; Text-fig. 10) within the upper part of
the ‘Bilbilian’ Stage. This level corresponds to the Hu-
peolenus Zone of Morocco (Geyer and Landing 2004)
(see Text-fig. 2). Similarly in the HCM, acritarch as-
semblages 1a and 1b (Text-fig. 6), with E. llaniscum
and Celtiberium, predate strata with Paradoxides
(trilobite assemblages 2b, 3a, and 4a in Text-fig. 6; see
Text-fig. 10). In Morocco, representatives of Para-
doxides s.l. appear already in the Hupeolenus Zone
(lower part of the Agdzian Stage) (Geyer 1990a;
Geyer and Palmer 1995; Text-fig. 10). In Spain, this
event took place later, in strata correlated with the
early C. notabilis Zone (Liñán et al. 1996; Geyer and
Landing 2004). A similar later appearance of Para-
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doxides s.l. was also documented in Newfoundland
(Fletcher 2003). In the HCM, the paradoxidids appear
in the E. insularis Zone in assemblages 3a and 4a, the
level corresponding to the C. notabilis Zone (Text-fig.
10). All these arguments support the view of Geyer
and Palmer (1995) concerning the diachronous first
appearances of Paradoxides s.l.; this event predates
(Spain, NW Wales, HCM, Scandinavia) or is almost
coeval (Morocco) with the first appearance of the
Eliasum–Cristallinium acritarch association. In Scan-
dinavia, Paradoxides s.l. appears with the Eliasum–
Cristallinium assemblage directly within transgressive
deposits that appeared on Baltica after the Hawke Bay
events (Nielsen and Schovsbo 2006; Text-fig. 10).

Correlatable with the C. notabilis Zone of Morocco
are intervals with trilobite assemblages 3a, 3b and 4a
(Text-fig. 6), referred to the E. insularis Zone. In Scan-
dinavia a part of this interval is missing (see also
Żylińska and Masiak 2007; Text-fig. 10). Also time-
equivalent of the C. notabilis Zone is the interval with
acritarch assemblage 2 from the Kobierniki Beds
(Text-fig. 6). Intervals with trilobite assemblage 4b
from the Jugoszów–Usarzów section, most probably
with the acritarch assemblage 4 from the Jugoszów 20
section, and with the acritarch assemblage 5 from the
upper part of the Kobierniki Beds, correspond to the
upper but not uppermost part of the Agdzian Stage,
dominated by Ornamentaspis spp. The Słowiec Hill

succession, with the trilobite assemblage 5 corresponds
already to the Caesaraugustian Stage (Text-fig. 6).

The observed changes in the trilobite and acritarch
assemblages in the Lower–Middle Cambrian boundary
interval of the HCM are closely associated with a dis-
tinct facies change, expressed by the onset of shallow-
marine sandstones of the Słowiec and Usarzów
formations above the shale-dominated, open-shelf de-
posits of the Kamieniec Formation (Text-figs 5 and 6).
This facies change most probably reflects the regres-
sive events caused by the eustatic Hawke-Bay fall. On
Baltica, this regression caused a regional stratigraphic
gap (e.g., Lendzion 1976; Bergström and Gee 1985). A
corresponding eustatic fall is marked in Morocco by the
Hupeolenus Zone high-energy tidalites of the Tazlaft
Formation, and in Spain by the appearance of lower
Daroca sandstones in the Iberian Chains, replacing low-
energy, shale-dominated deposition (Landing et al.
2006). The facies change in the HCM is stratigraphi-
cally younger, as evidenced by E. insularis Zone as-
semblages (C. notabilis Zone equivalent) in the Słowiec
and Usarzów formations (trilobite assemblages 3a, 3b
and 4a; Text-fig. 6).

CONCLUSIONS

1. Trilobite and acritarch analyses in the Lower–Mid-
dle Cambrian boundary interval in the HCM allowed
trilobite and acritarch assemblages documenting the
evolution of these groups to be distinguished. Some
of the assemblages document the part of the Baltic
succession that is largely missing due to the Hawke-
Bay regressive events.

2. Based on trilobites, the studied interval can be directly
compared to the West Gondwanan standard of Geyer
and Landing (2004). The successions of both areas
document similar evolution of the ellipsocephalids,
and contain a number of trilobite taxa in common
(e.g., Kingaspidoides, Kingaspis, Latikingaspis, La-
toucheia, Myopsolenites, Ornamentaspis, Orodes,
Palaeolenus, Paradoxides (A.) mureroensis).

3. The palynomorph associations of the studied interval
are widely noted assemblages, common to Baltica,
Gondwana or Avalonia. The gradual transition from
the Early Cambrian Skiagia-dominated assemblages
to the Middle Cambrian Eliasum and Cristallinium-
dominated assemblages was evidenced. The transi-
tional assemblages contain taxa regarded hitherto as
Early or Middle Cambrian. The Eliasum–Cristal-
linium assemblage preceded the appearance of Para-
doxides spp., which occurred approximately at the
same time as in Spain and Newfoundland.

Text-fig. 10. Correlation of the Lower–Middle Cambrian interval of
the HCM with West Gondwana and Baltica, showing the local
Lower–Middle Cambrian boundary (thick black line), FAD of Para-
doxides spp. (P), FAD of the Eliasum–Cristallinium assemblage (*),
and position of the Onaraspis clade (O). Vertical lines indicate non-
deposition and/or sedimentary gap. Compiled after: Geyer and Land-
ing (2004) and Nielsen and Schovsbo (2006), with acritarch data
from Jankauskas and Lendzion (1992), Palacios and Moczydłowska

(1998) and Moczydłowska (1999)
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PALAEONTOLOGICAL NOTES

Trilobites (AŻ)

Material and methods

The specimens studied are preserved as moulds or
casts in sandstones, siltstones or shales; in the fine-
grained siliciclastics they are usually flattened. Due to
flattening, the measured dimensions are often not reli-
able. Disarticulated remains, dominated by cranidia,
prevail. Complete or almost complete specimens are
very rare, and they are more common in the fine-
grained sediments (Kamieniec or Ociesęki formations).
In the coarse sandstones of the Słowiec Formation,
complete specimens do not occur at all.

The terms applied to the trilobite exoskeleton fol-
low the Trilobite Treatise (Kaesler 1997). Measure-
ments were made with digital callipers (0.1 mm
accuracy). Character lengths were measured either
sagittally (sag) or exsagittally (exs), and widths were
measured transversely (tr). For each specimen, the
measurements were taken in one plane. Particular pa-
rameters were calculated with Microsoft Excel soft-
ware. The term ‘approximately’ refers to cases when
only one specimen is measured; a value range is given
for two to four specimens, whereas for five specimens
or more the mean value together with the standard de-
viation is given (after Sundberg and McCollum 1997,
modified). The number of specimens for which the
character lengths and widths have been measured is
given in parentheses after the mean value (e.g., n=6).
Before being photographed the specimens were coated
with ammonium chloride.

Detailed systematic diagnoses and descriptions are
supplied only for taxa whose taxonomic assignment is
revised herein. The distribution of trilobite specimens in
particular exposures and cores together with their repos-
itory numbers are given in Appendix 1.

Systematic descriptions

Superfamily Ellipsocephalacea Matthew, 1887
Family Ellipsocephalidae Matthew, 1887

Subfamily Antatlasiinae Hupé, 1953 emend. Geyer,
1990b

Genus Issafeniella Geyer, 1990b

TYPE SPECIES: Issafeniella turgida Geyer, 1990b, from
the Issafen Formation of the Anti-Atlas, Morocco, OD.

Issafeniella trifida (Orłowski, 1985a)
(Pl. 1, Fig. 1)

1985a. Strenuaeva trifida sp. n.; S. Orłowski, p. 241, text-fig.
10; pl. 6, figs 8, 9.

HOLOTYPE: Cranidium MUZWG ZI/29/1188, illus-
trated in Orłowski (1985a, pl. 6, fig. 8), from the Pro-
tolenus–Issafeniella Zone at Nowa Łagowica, HCM.

EMENDED DIAGNOSIS: Issafeniella with glabella c.
75% of cranidial length and three pairs of lateral glabel-
lar furrows, obsolete in adult specimens. Preglabellar
field and anterior border typically confluent, distinctly
inflated. Preglabellar field separated from glabella and
eye-ridges by distinct, wide furrow. Occipital spine ab-
sent.

MATERIAL: 36 cranidia, 5 cranidia with thoraces, sin-
gle pleura.

DESCRIPTION: Cranidium sub-quadrangular, overall
convexity medium, glabella and fixigenae distinctly ele-
vated above frontal area, length 76±10% of maximum
width across centre of palpebral lobes (n=9). Glabella
convex, only slightly elevated above fixigenae, 74±6%
of cranidial length (n=9) and 48±4% of cranidial width
across occipital ring (n=7); slightly narrowing forwards
and truncated anteriorly. Frontal lobe sagittally short
and sub-truncate. Three pairs of lateral glabellar fur-
rows, wide but shallow, directed backward and de-
creasing in length towards the anterior; obsolete in large
specimens. Occipital furrow wide but shallow, slightly
more distinct than lateral glabellar furrows. Occipital
ring 13±3% of cranidial length (n=8), flat and undiffer-
entiated. Occipital spine absent. Axial furrows wide and
shallow. Fixigenae inflated, reaching almost to the same
level as the glabella, and sloping from centre towards
the margins, 75±11% of transverse occipital ring width
(n=6). Palpebral lobes 24–38% of cranidial length, flat.
Palpebral furrow represented as a shallow and poorly
defined depression. Anterior branch of facial suture
only slightly divergent from palpebral lobes to frontal
margin, then curving sharply adaxially. Posterior branch
strongly divergent, short. Frontal area sloping down-
wards anteriorly, 26±6% of cranidial length (n=9),
strongly inflated, entire, without border furrow. Pre-
glabellar furrow very distinct, shallow and rather wide,
becoming narrower and crescent-shaped in front of
glabella; with a tendency to diverge forwards distally
in large specimens. Posterior furrow deeper distally.

Thorax with at least 10 segments. Thoracic pleurae
narrower than axial ring. Pleural furrows long, sharply
delimited. Fulcral process located in external 1/3 of
pleural flange. Pleural terminations slightly narrowing
and curved posteriorly in the first four segments, in the



posterior segments only with pointed tip and directed
distally. Pleural spines absent. Librigenae and pygid-
ium unknown.

MEASUREMENTS: Length of the largest, most com-
plete specimen (cranidium with incomplete thorax;
MUZWG ZI/29/2146; Pl. 1, Fig. 1) is 48 mm; the crani-
dium is 15 mm long and 18.6 mm wide across centre of
palpebral lobes. Specimens preserved as cranidia with
thoraces usually represent juveniles, from 7.1 to 9.1 mm
total length. Cranidial length 3–17.3 mm; cranidial
width across centre of palpebral lobes 4.6–23.2 mm
(n=12). The holotype cranidium is 13.6 mm long and
16.5 mm wide across centre of palpebral lobes.

REMARKS: In addition to Issafeniella orlowinensis
(Samsonowicz, 1959a) (see Żylińska and Masiak 2007
for emended diagnosis and description), I. trifida is an-
other representative of Issafeniella in the HCM. It differs
from I. orlowinensis in a slightly longer and wider
glabella, wider and more inflated fixigenae, and the pres-
ence of a wide preglabellar furrow. With regard to the lat-
ter feature, I. trifida particularly recalls I. turgida, the type
species of Issafeniella from the Antatlasia guttapluviae
Zone in Morocco (Geyer 1990b, pl. 12, figs 1–5), but has
a much wider glabella at the level of the palpebral lobes.
Similarly as in I. orlowinensis, occipital spines were not
observed in specimens of I. trifida, although this might be
the result of poor preservation of internal moulds (see
Żylińska and Masiak 2007, p. 675 for remarks).

OCCURRENCE: Lower Cambrian Protolenus–Issafe-
niella Zone, Kamieniec Formation at Chojnów Dół,
Nowa Łagowica, and Wola Jastrzębska, HCM.

Subfamily Ellipsocephalinae Matthew, 1887 emend.
Geyer, 1990b

Genus Kingaspis Kobayashi, 1935 emend. Geyer and
Landing, 2001

TYPE SPECIES: Anomocare campbelli King, 1923,
from the Burj Formation at Wadi Zarqa Ma’in in Jor-
dan, OD.

REMARKS: Hupé (1953) erected two subgenera of
Kingaspis, i.e. K. (Kingaspis) and K. (Kingaspidoides),
based on the respective absence or presence of an oc-
cipital spine. Geyer (1990b) transferred the subgenera
into genera and supplied a set of distinguishing charac-
ters. This view was supported by Rushton and Powell
(1998) and Geyer and Landing (2001). On the other
hand, Liñán et al. (2003) gave emended definitions of
Kingaspis and Kingaspidoides as subgenera of Kinga-

spis. As pointed out by Geyer (e.g., 1990b and in Geyer
and Landing 2004), correct generic and specific identi-
fication of the kingaspidoids (Kingaspis, Kingaspi-
doides, and Ornamentaspis) should be based on
specimens with well-recognized internal and external
morphology of the cranidia. The reported Spanish spec-
imens of these genera show a considerable degree of
tectonic deformation and are often flattened (e.g., Sdzuy
1961; Liñán et al. 1993, 2003), thus not allowing pre-
cise recognition of the external morphology. Characters
presented by Geyer (1990b) and Geyer and Landing
(2001) for distinguishing Kingaspis from Kingaspi-
doides and Ornamentaspis are possible to identify on
the much less deformed specimens from the HCM, and
their concept of these genera is applied herein.
Kingaspis has been recorded previously from Poland
(Orłowski 1964; Lendzion 1972), but the specimens in
fact represent other genera. Kingaspis (Kingaspis) hen-
ningsmoeni Orłowski, 1964 is assigned to Ornamen-
taspis (see below), while Kingaspis (Kingaspis) borealis
Lendzion, 1972, because of its strongly tapering
glabella and wide frontal area, is completely distinct
from the genus (see also Geyer 1990b, pp. 103, 104).

Kingaspis guerichi (Orłowski, 1959b)
(Pl. 3, Figs 9, 10)

1959b. Ellipsocephalus gürichi sp. n.; S. Orłowski, pp.
516, 517, text-fig. 1a; pl. 1, figs 6–10.

partim 1964. Ellipsocephalus gürichi Orłowski; S. Orłowski,
p. 82, pl. 4, figs 4, 6, 7, 9; pl. 9, fig. 1 non pl. 4,
figs 5, 8 (= Ornamentaspis puschi).

1965. Ellipsocephalus gürichi Orłowski; S. Orłowski,
p. 137, pl. 1, fig. 6.

partim 1985b. Ellipsocephalus guerichi Orłowski; S. Orłow-
ski, p. 24, pl. 2, figs 9–14 non pl. 2, fig. 15 (=
Ornamentaspis puschi).

1990. Ellipsocephalus guerichi Orłowski; K. Len-
dzion and S. Orłowski in Pajchlowa, p. 52, pl.
14, fig. 1.

HOLOTYPE: Cranidium MUZWG ZI/29/2432, illus-
trated in Orłowski (1959b, pl. 1, fig. 6a–c; 1985b, pl. 2,
fig. 9) and in Lendzion and Orłowski in Pajchlowa
(1990, pl. 14, fig. 1), from the Eccaparadoxides insu-
laris Zone at Sternalice, HCM.

EMENDED DIAGNOSIS: Kingaspis with cranidium
wider than long, wide glabella c. 80% of cranidial length
and c. 55% of cranidial width across centre of palpebral
lobes; glabella with slightly concave axial furrows; lateral
glabellar furrows typically effaced; fixigenae c. 75% of
maximum glabellar width; exsagittal length of palpebral
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lobes c. 22% of cranidial length; anterior border slightly
rounded, narrow, poorly separated from preglabellar
field; occipital ring narrow, without occipital spine.

MATERIAL: 98 cranidia.

DESCRIPTION: Cranidium sub-rectangular, distinctly
wider than long, length 68±6% of maximum width
across centre of palpebral lobes (n=14); overall convex-
ity rather uniform sagittally and transversely. Glabella
slightly convex, 81±3% of cranidial length (n=15) and
56±6% of cranidial width across occipital ring (n=15),
with sub-parallel to slightly concave sides, slightly ta-
pering forward, frontal lobe rounded anteriorly. Lateral
glabellar furrows generally effaced, although faint traces
of furrows are present on some internal moulds; in those
cases S1 is strongly curved backwards. Occipital furrow
straight in central part, slightly curved forward distally,
rather shallow and sagittally narrow, not reaching axial
furrows. Occipital ring 13±2% of cranidial length
(n=14), strongly sloping downwards posteriorly, of con-
stant width, without spine or node. Axial furrows shal-
low but distinct, slightly shallower adjacent to frontal
lobe of glabella. Fixigenae transversely convex, slightly
elevated above axial furrows, 75±9% of transverse oc-
cipital ring width (n=17). Palpebral lobes crescent-
shaped, 22±3% of cranidial length (n=12), passing into
eye-ridges that curve obliquely forward and towards
glabella. Parafrontal band well-developed. Palpebral fur-
rows indistinct. Anterior branch of facial suture long,
slightly divergent from palpebral lobes to anterior bor-
der, anterolateral wings extending exsagittally beyond
palpebral lobes. Posterior branch short, strongly diver-
gent, posterolateral wings extending exsagittally beyond
palpebral lobes. Posterior ends of palpebral lobes not
reaching posterior border furrow. Frontal area 19±3% of
cranidial length (n=15), poorly separated into flat
preglabellar field and slightly convex anterior border.
Posterior border furrow shallow and wide.

MEASUREMENTS: The holotype cranidium is 10.6
mm long and 15.9 mm wide across centre of palpebral
lobes. Cranidial length 5.3–13.9 mm; cranidial width
across centre of palpebral lobes 7.9–20.3 mm (n=17).

REMARKS: Geyer (1990b) considered this species to
represent Ornamentaspis; however, due to uniform con-
vexity of the cranidium, effaced lateral glabellar fur-
rows on external moulds and slightly concave sides of
glabella, the species fits the concept of Kingaspis sensu
Geyer and Landing (2001). From the type species, K.
campbelli (see Geyer 1990b; Rushton and Powell
1998), it differs in a slightly longer glabella in relation

to the total cranidial length, and a much wider glabella
in relation to the transverse glabellar width. It also pos-
sesses a much longer occipital ring, but similarly to K.
campbelli, it lacks a node or spine and is strongly bent
downwards posteriorly. A long occipital ring is present
e.g., in K. sarhroensis Geyer, 1990b from the C. nota-
bilis Zone of Morocco (Geyer 1990b), but this species
has a slightly narrower glabella and strongly concave
glabellar sides in comparison with K. guerichi. The
species discussed is closest in cranidial proportions to
K. glabrata Geyer, 1990b, another species from the C.
notabilis to O. frequens zones in Morocco, from which
it differs in a wider glabella in relation to the transverse
glabellar width and a shorter occipital ring (Geyer
1990b); moreover, K. glabrata has a very low relief,
whereas the specimens studied display a more promi-
nent cranidial morphology.

OCCURRENCE: Middle Cambrian Eccaparadoxides
insularis to Paradoxides polonicus zones; Ociesęki
Formation at Zamczysko, Usarzów Formation at Ster-
nalice, Jugoszów 1a, 1, 3–5, 7a, 19, 20, and Helenów,
and Słowiec Formation on Słowiec Hill, HCM.

Genus Kingaspidoides Hupé, 1953 emend. Geyer,
1990b

TYPE SPECIES: Kingaspis (Kingaspidoides) armatus
[sic] Hupé, 1953, a subjective synonym of Kingaspis
(Kingaspis) brevifrons Hupé, 1953 emend. Geyer,
1990b from the Bréche à Micmacca facies from Ourika
Wawrmast, Anti Atlas, Morocco (cf. Geyer 1990b).

Kingaspidoides jugoszowi (Orłowski, 1959b)
(Pl. 4, Fig. 3)

1959b. Ellipsocephalus jugoszovi n. sp.; S. Orłowski, p. 518,
text-fig. 1d; pl. 2, figs 5, 6.

1964. Ellipsocephalus jugoszovi Orłowski; S. Orłowski, p.
68, pl. 3, figs 9–12.

1985b. Ellipsocephalus jugoszowi Orłowski; S. Orłowski, p.
254, pl. 2, figs 1–4.

1990. Ellipsocephalus jugoszowi Orłowski; K. Lendzion and
S. Orłowski in Pajchlowa, p. 53, pl. 14, fig. 3.

HOLOTYPE: Cranidium MUZWG ZI/29/2522, illus-
trated in Orłowski (1959b, pl. 2, fig. 6a–c; 1985b, pl. 2,
fig. 2) and Lendzion and Orłowski in Pajchlowa (1990,
pl. 14, fig. 3), from the Eccaparadoxides insularis Zone
in the Jugoszów–Usarzów section (exposure Jugoszów
1a), HCM.

EMENDED DIAGNOSIS. Kingaspidoides with glabella
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slightly elevated above preglabellar field and fixigenae;
glabella c. 80% of cranidial length and less than 45% of
cranidial width across centre of palpebral lobes, sub-tri-
angular anteriorly; occipital ring without spine; fixige-
nae of more than 75% of maximum glabellar width;
exsagittal length of palpebral lobes c. 24% of cranidial
length; anterior border barely defined.

MATERIAL: 42 cranidia.

DESCRIPTION: Cranidium sub-quadrangular, overall
convexity modest, length 86±5% of maximum width
across centre of palpebral lobes (n=8). Glabella convex,
slightly elevated above fixigenae, in some specimens
with faint median ridge, 81±2% of cranidial length
(n=11) and 43±3% of cranidial width across occipital
ring (n=11). Frontal lobe bluntly pointed. Lateral glabel-
lar furrows effaced. Occipital furrow narrow, almost in-
distinct, curved forward distally. Occipital ring 15±2%
of cranidial length (n=11), without spine. Axial furrows
shallow but distinct, slightly shallower adjacent to frontal
lobe of glabella. Fixigenae flat, gently sloping towards
palpebral lobes, 76±7% of transverse occipital ring width
(n=10). Palpebral lobes narrow, crescent-shaped, 24±4%
of cranidial length (n=6). Palpebral furrow narrow and
indistinct. Anterior branch of facial suture moderately
short, slightly divergent, not extending exsagittally be-
yond palpebral lobes. Posterior branch short, not diver-
gent. Frontal area 19±2% of cranidial length (n=11),
poorly defined into preglabellar field and anterior bor-
der. Posterior border furrow shallow, almost indistinct.

MEASUREMENTS: The holotype cranidium is 11.4
mm long and 12.6 mm wide across centre of palpebral
lobes. Cranidial length 8.4–11.6 mm; cranidial width
across centre of palpebral lobes 10–12.8 mm (n=11).

REMARKS: The assignment to Kingaspidoides Hupé,
1953 emend. Geyer, 1990b is justified by such cranidial
features as the bar-like elevation of the glabella above
the fixigenae, overall convexity of the cranidium and the
wide and convex frontal area. From K. sanctacrucensis,
an abundant species in the HCM (see Żylińska and
Masiak 2007 for emended diagnosis and discussion), K.
jugoszowi differs in a transversely narrower glabella,
longer occipital ring, distinctly wider fixigenae, and less
pronounced bar-like elevation of the glabella above the
fixigenae. It is very similar to K. sandomiri (see below),
differing in a slightly longer glabella in relation to the
total cranidial length, shorter palpebral lobes and wider
fixigenae. Of the Moroccan representatives of the genus,
K. brevifrons has a shorter glabella in relation to the total
cranidial length and narrower fixigenae in relation to the

maximum glabellar width; K. laetus Geyer, 1990b has a
longer glabella, narrower fixigenae and a median occip-
ital thorn; K. larvalis Geyer, 1990b has narrower fixige-
nae with stronger relief, while K. obliquoculatus Geyer,
1990b has a narrower glabella and slightly narrower fix-
igenae (see Geyer 1990b). The specimens at hand are
quite close to K. borjensis Geyer, 1990b, differing in
much wider fixigenae and shorter palpebral lobes.

OCCURRENCE: Middle Cambrian Eccaparadoxides
insularis and Ptychagnostus praecurrens zones; Usa-
rzów Formation at Jugoszów 1a, 3, 7a, HCM.

Kingaspidoides sandomiri (Orłowski, 1959b)
(Pl. 4, Figs 1, 2)

partim 1959b. Ellipsocephalus polytomus Linnarsson; S.
Orłowski, p. 515, pl. 1, figs 1, 2a–c non pl. 1,
figs 3–5 (= Ellipsocephalus hoffi).

partim 1959b. Ellipsocephalus sandomiri n. sp.; S. Orłowski,
p. 518, text-fig. 1c; pl. 2, figs 2, 3 non pl. 2,
fig. 4 (= Ornamentaspis hupei).

partim 1964. Ellipsocephalus sandomiri Orłowski; S. Orłow-
ski, p. 83, pl. 3, figs 4–7 non pl. 3, fig. 8 (= Or-
namentaspis puschi).

1965. Ellipsocephalus sandomiri Orłowski; S. Orłow-
ski, p. 137, pl. 1, figs 7–9.

1985b. Ellipsocephalus sandomiri Orłowski; S. Orłow-
ski, p. 253, pl. 1, figs 9–13.

1990. Ellipsocephalus sandomiri Orłowski; K. Len-
dzion and S. Orłowski in Pajchlowa, p. 54, pl.
14, fig. 8.

HOLOTYPE: Cranidium MUZWG ZI/29/2353, illus-
trated in Orłowski (1959b, pl. 2, fig. 2a–c; 1985b, pl. 1,
fig. 9) and in Lendzion and Orłowski in Pajchlowa
(1990, pl. 14, fig. 8), from the Ptychagnostus praecur-
rens Zone in the Jugoszów–Usarzów section (exposure
Jugoszów 19), HCM.

EMENDED DIAGNOSIS: Kingaspidoides with paral-
lel-sided glabella exceeding 80% of cranidial length and
c. 45% of cranidial width across centre of palpebral
lobes, with triangular anterior margin; lateral glabellar
furrows effaced; glabella slightly elevated above level
of short (sag) occipital ring without spine; fixigenae al-
most 80% of maximum glabellar width (tr); exsagittal
length of palpebral lobes c. 20% of cranidial length; an-
terior border gently rounded anteriorly, almost fused
with preglabellar field.

MATERIAL: Three cranidia with thoraces, single tho-
rax, and 85 cranidia.
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DESCRIPTION: Cranidium sub-quadrangular, overall
convexity modest, length 83±8% of maximum width
across centre of palpebral lobes (n=26). Glabella con-
vex, slightly elevated above fixigenae and occipital
ring, in some specimens with median ridge, 83±3% of
cranidial length (n=30) and 45±5% of cranidial width
across occipital ring (n=30). Frontal lobe bluntly
pointed, extensions of anterolateral corners of glabella
connected with poorly marked eye-ridges. Lateral
glabellar furrows effaced. Occipital furrow distinct,
curved forward distally, not reaching axial furrows. Oc-
cipital ring slightly longer (sag) at mid-line, 14±2% of
cranidial length (n=30), without spine. Axial furrows
shallow but distinct, slightly shallower adjacent to
frontal lobe of glabella. Fixigenae nearly flat, gently
sloping towards palpebral lobes, 79±9 % of transverse
occipital ring width (n=27). Palpebral lobes narrow,
crescent-shaped, 19±6% of cranidial length (n=30).
Palpebral furrow narrow and indistinct. Anterior branch
of facial suture moderately short, slightly divergent, an-
terolateral wings not extending exsagittally beyond
palpebral lobes. Posterior branch short, divergent from
posterior parts of palpebral lobes. Frontal area 17±3%
of cranidial length (n=30), preglabellar field almost
fused with anterior border. Posterior border furrow shal-
low, broadening distally.

Librigena small, without spine, with wide lateral
border. Thorax with at least 11 segments, pleural tips
directed slightly backwards. Axial part almost 50% of
maximum thoracic width. Pygidium unknown.

MEASUREMENTS: The holotype cranidium is 10.4
mm long and 12.9 mm wide across centre of palpebral
lobes. Cranidial length 5.8–17.9 mm; cranidial width
across centre of palpebral lobes 12.9–21.3 mm (n=31).

REMARKS: The assignment of the studied specimens
to Kingaspidoides is based on overall cranidial con-
vexity, slightly bar-like elevation of the glabella above
the fixigenae, and a moderately wide frontal area. The
species greatly resembles K. jugoszowi, from which it
differs in having a slightly shorter glabella in relation
to the total cranidial length, longer palpebral lobes and
narrower fixigenae (see description of K. jugoszowi for
comparison with other species).

OCCURRENCE: Middle Cambrian Eccaparadoxides
insularis to Paradoxides polonicus zones; Ociesęki
Formation at Zamczysko, Usarzów Formation at Ster-
nalice, Jugoszów 1, 7, 19 and 20, and Słowiec Forma-
tion on Słowiec Hill, HCM.

Genus Latikingaspis Geyer, 1990b

TYPE SPECIES: Kingaspis (Kingaspis) alatus Hupé,
1953 emend. Geyer, 1990b, from Ourika Wawrmast,
Anti Atlas, Morocco, OD.

Latikingaspis samsonowiczi (Orłowski, 1964)
(Pl. 5, Figs 10, 11, 13; Text-fig. 11)

partim 1964. Strenuella (Comluella) samsonowiczi n. sp.; S.
Orłowski, pp. 83–85, fig. 16; pl. 6, figs 1–4, 6
non pl. 6, fig. 5; pl. 7, figs 1–9; pl. 8, figs 1–3,
5–7 (= Ornamentaspis opatowi); non pl. 8, figs
4, 8, 9; pl. 9, figs 1–5 (= Orodes usarzowi).

partim 1964. Protolenus (Protolenus) polonicus n. sp.; S.
Orłowski, pl. 11, fig. 3 (only).

1965. Strenuella (Comluella) samsonowiczi Orłowski;
S. Orłowski, p. 137, pl. 1, figs 10–12.

non 1972. Strenuella (Comluella) samsonowiczi Orłowski;
K. Lendzion, p. 133, pl. 4, figs 12–19 (= ?El-
lipsocephalus polytomus).

1985b. Comluella samsonowiczi (Orłowski); S. Orłow-
ski, pp. 254, 255, fig. 2; pl. 3, figs 7–13.

1990. Strenuella (Comluella) samsonowiczi Orłowski;
K. Lendzion and S. Orłowski in Pajchlowa, p.
56, pl. 15, fig. 6.

HOLOTYPE: Cranidium MUZWG ZI/29/1615, illus-
trated in Orłowski (1964, pl. 6, fig. 1; 1985b, pl. 3, fig.
12a–b) and in Lendzion and Orłowski in Pajchlowa
(1990, pl. 15, fig. 6), from the Eccaparadoxides insu-
laris Zone in the Jugoszów–Usarzów section (exposure
Jugoszów 1), HCM.

EMENDED DIAGNOSIS: Latikingaspis with narrow
glabella c. 80% of cranidial length and 50% of glabel-
lar width across centre of palpebral lobes, parallel sides
and three pairs of lateral glabellar furrows directed
backwards; fixigenae distinctly elevated above the
preglabellar field, c. 70% of maximum glabellar width;
exsagittal length of palpebral lobes less than 30% of
cranidial length; anterior border poorly defined.

MATERIAL: Three carapaces without librigenae, 76
cranidia.

DESCRIPTION: Cranidium sub-rectangular, wider
than long, length 71±7% of maximum width across
centre of palpebral lobes (n=26); overall convexity
minor. Glabella distinctly convex, tapering forwards
and rounded anteriorly, 79±3% of cranidial length
(n=36) and 50±5% of cranidial width across occipital
ring (n=35). Three pairs of short lateral glabellar fur-
rows directed obliquely backwards, S3 shortest. Occi-
pital furrow wide and shallow, slightly curved forward
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distally. Occipital ring 17±2% of cranidial length
(n=32), sagittally longer medially, rounded posteriorly,
posterior part of occipital ring more elevated than its
anterior part and glabella. Slender median spine on
posterior part of occipital ring is directed backwards;
spine preserved only on external moulds. Axial furrows
shallow but distinct, shallower adjacent to frontal lobe
of glabella. Fixigenae elevated above the surrounding
furrows, 70±12% of transverse occipital ring width
(n=29); most elevated part of fixigenae is located closer
to suture than to glabella. Palpebral lobes crescent-
shaped, 28±4% of cranidial length (n=24). Eye-ridges
faint. Palpebral furrows shallow and wide. Anterior
branch of facial suture moderately long, slightly di-
vergent from palpebral lobes to anterior border, an-
terolateral wings not extending exsagittally beyond
palpebral lobes. Posterior branch shorter, divergent.
Frontal area indistinctly separated into flat preglabellar
field and slightly convex, shorter anterior border,
21±3% of cranidial length (n=36). Posterior furrow
shallow and wide, straight.

Librigena unknown. Thorax composed of at least
14 segments, pleural tips directed backward. Axis dis-
tinctly elevated above the pleurae, transverse width of
axis exceeds 1/3 total width of thorax. Pygidium small,
triangular in outline.

MEASUREMENTS: The holotype is an almost com-
plete carapace without librigenae of 23.9 mm total
length; the cranidium is 9.3 mm long and 12.8 mm wide
across centre of palpebral lobes. Cranidial length 6.2–
17.9 mm; cranidial width across centre of palpebral
lobes 8.4–18 mm (n=36).

REMARKS: The first description by Orłowski (1964)
of S. (C.) samsonowiczi was based on a collection of
morphologically distinct specimens (Text-fig. 11).
These specimens were subsequently assigned (Orłowski
1985b) to three taxa, i.e. Comluella samsonowiczi, C.
opatowi and C. usarzowi. Geyer (1990b, p. 127) sug-
gested that the taxa represent species of Ornamentaspis,
but as shown herein, they in fact should be assigned to
three different genera, i.e. Latikingaspis (L. samsonow-
iczi), Ornamentaspis (O. opatowi) and Orodes (O. us-
arzowi). The overall convexity of the cranidium and the
location of the most elevated point of the fixigenae
closer to the suture than to the glabella in specimens of
Comluella samsonowiczi sensu Orłowski (1985b) are
features indicative of Latikingaspis Geyer, 1990b. From
L. sulcatus Geyer, 1990b, the specimens studied differ
in their tapering glabella, distinct lateral glabellar fur-
rows and the presence of a median spine on the occip-
ital ring, and from L. alatus (Hupé, 1953) emend.
Geyer, 1990b in stronger relief of the glabella which is
also tapering and not parallel-sided, deeper lateral
glabellar furrows and a flat preglabellar field (Geyer
1990b). Specimens of S. (C.) samsonowiczi found in
the A. oelandicus Superzone of the Tłuszcz IG-1 bore-
hole (Lendzion 1972) are too poorly preserved to allow
a confident taxonomic assignment. However, they seem
to represent instead Ellipsocephalus polytomus Lin-
narsson, 1877 (see Geyer 1990b, pl. 14, fig. 4a–d).

OCCURRENCE: Middle Cambrian Eccaparadoxides
insularis to Paradoxides polonicus zones; Usarzów
Formation at Sternalice, Jugoszów 1a, 1, 3, 5, 7 and He-
lenów, and Słowiec Formation on Słowiec Hill, HCM.

Genus Ornamentaspis Geyer, 1990b

TYPE SPECIES: Ornamentaspis frequens Geyer,
1990b, from the Lemdad Syncline, High Atlas, Mo-
rocco, OD.

REMARKS: Although similar to many other represen-
tatives of the Ellipsocephalinae, Ornamentaspis can
clearly be distinguished by a uniform sagittal convex-
ity of the cranidium, fixigenae that are convex trans-
versely and rise above the axial furrows, and a mixed
kingaspidoid and protolenoid pattern of the lateral

Text-fig. 11. Bivariate scatterplots showing relations between (A)
total cranidial length (sag) and occipital glabellar width (tr), and
(B) total cranidial length (sag) and palpebral cranidial width (tr) in
Latikingaspis samsonowiczi (Orłowski, 1964), Ornamentaspis opa-
towi (Orłowski, 1985b) and Orodes usarzowi (Orłowski, 1985b).

Measurements in millimetres
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glabellar furrows (Geyer 1990b). As currently under-
stood, the genus includes a wide variety of species from
a rather long interval spanning the Lower–Middle Cam-
brian boundary in different palaeogeographic areas.
Many Scandinavian species assigned to this genus
(Geyer 1990b) are strongly distorted and poorly pre-
served (see e.g., Ahlberg and Bergström 1978; Ahlberg
1979, 1984; Bergström and Ahlberg 1981), hampering
detailed comparison with species recognized in other
areas. This is also the case with Spanish specimens of
this genus (see remarks for Kingaspidoides).

Ornamentaspis henningsmoeni (Orłowski, 1964)
(Pl. 5, Figs 1, 2)

1964. Kingaspis (Kingaspis) henningsmoeni n. sp.; S. Orłowski,
pp. 86–88, fig. 18; pl. 10, figs 1–9.

1971. Kingaspis (Kingaspis) henningsmoeni Orłowski; S.
Orłowski, p. 353, pl. 1, fig. 8.

1990. Kingaspis (Kingaspis) henningsmoeni Orłowski; K.
Lendzion and S. Orłowski in Pajchlowa, p. 56, pl. 15,
fig. 7a–c.

HOLOTYPE: Complete carapace MUZWG ZI/29/1791,
illustrated in Orłowski (1964, pl. 10, fig. 1a–c) and in
Lendzion and Orłowski in Pajchlowa (1990, pl. 15, fig.
7a–c), from the Ptychagnostus praecurrens Zone in the
Jugoszów–Usarzów section (exposure Jugoszów 3),
HCM.

EMENDED DIAGNOSIS: Ornamentaspis with
glabella c. 80% of cranidial length and c. 55% of glabel-
lar width across centre of palpebral lobes, narrower at
mid-length; occipital ring relatively narrow; fixigenae
almost 80% of maximum glabellar width; exsagittal
length of palpebral lobes c. 27% of cranidial length; an-
terior border barely distinguishable from preglabellar
field.

MATERIAL: One complete carapace, 35 cranidia, and
single thorax.

DESCRIPTION: Cranidium sub-rectangular, wider
than long, length 68±4% of maximum width across
centre of palpebral lobes (n=17). Cranidial convexity
more pronounced sagittally than transversely. Glabella
slightly convex, gently tapering forwards, 80±2% of
cranidial length (n=19) and 55±4% of cranidial width
across occipital ring (n=19); front triangular to gently
rounded. Four pairs of lateral glabellar furrows, S1 and
S2 deep, directed backwards, S3 of the same length and
depth but directed forwards, S4 located at shorter dis-
tance to S3 than the remaining furrows from each other,

shorter and directed forwards. Occipital furrow wide,
wider at mid-length, slightly curved forward distally.
Occipital ring 18±2% of cranidial length (n=16),
slightly longer medially, posterior part of occipital ring
more elevated than anterior part. Median node visible
only on exterior. Axial furrows shallow but distinct,
slightly deeper at mid-length of palpebral lobes. An-
terolateral corners of glabella almost indistinct. Fixige-
nae slightly elevated above the surrounding furrows,
79±7% of transverse occipital ring width (n=20); most
elevated part of the fixigenae is located closer to the
glabella than to the suture. Palpebral lobes crescent-
shaped, 27±3% of cranidial length (n=18). Eye-ridges
faint, not reaching axial furrows. Palpebral furrows nar-
row, distinct. Anterior branch of facial suture moder-
ately long, slightly diverging from palpebral lobes to
anterior border, anterolateral wings not extending
exsagittally beyond palpebral lobes. Posterior branch
shorter, divergent. Frontal area 20±2% of cranidial
length (n=19), sloping downwards distally, separated
into flat preglabellar field and slightly convex and
shorter anterior border. Posterior furrow shallow and
wide, distally wider and slightly diverging forwards.

Librigena small, without lateral spine, with rela-
tively narrow lateral border. Thorax of 12 segments,
pleural tips pointed distally. Axis strongly elevated
above pleurae, transverse width of axis exceeds 1/3 of
total thorax width. Pygidium small, triangular in out-
line, approximately twice wider than long.

MEASUREMENTS: The holotype carapace is strongly
curved, its cranidium is 12.2 mm long and 18 mm wide
across centre of palpebral lobes and the thorax is c. 25
mm long. Cranidial length 9.3–14.5 mm; cranidial width
across centre of palpebral lobes 11.3–22.9 mm (n=21).

REMARKS: Because of the different overall convexity
and mixed kingaspidoid–protolenoid pattern of the lat-
eral glabellar lobes, the studied specimens should not be
assigned to Kingaspis. They were considered to belong
to Ellipsostrenua Kautsky, 1945 (see Geyer 1990b). The
concept of Ellipsostrenua was based on Strenuella (El-
lipsostrenua) gripi Kautsky, 1945 from the uppermost
Lower Cambrian of Sweden (Kautsky 1945). Ahlberg
and Bergström (1978) showed that Ellipsostrenua is cer-
tainly not a subgenus of Strenuella Matthew, 1887 and,
moreover, synonymized this genus with Ellipsocephalus
Zenker, 1833. Geyer (1990b) pointed out the deep lateral
glabellar furrows, triangular frontal area, lack of antero-
lateral corners of the glabella as well as the short
preglabellar field of K. (K.) henningsmoeni as indicative
of Ellipsostrenua. Detailed examination of the HCM
specimens has shown the presence of a poorly preserved



parafrontal band with anterolateral corners. The frontal
area may be triangular, but in most specimens is rather
rounded anteriorly. The lateral glabellar furrows may be
equally deep in many members of Ornamentaspis from
Morocco (see Geyer 1990b) and HCM (see below). The
preglabellar field is also much shorter in most Moroccan
Ornamentaspis (see Geyer 1990b). Thus, K. (K.) hen-
ningsmoeni fits the concept of Ornamentaspis in practi-
cally all aspects. Most important is the presence of a
mixed kingaspidoid–protolenoid pattern of the lateral
glabellar furrows, as well as the more pronounced sagit-
tal than transverse convexity of the cranidium. The only
character that does not fit into the concept of Ornamen-
taspis is the poorly marked parafrontal band generating
anterolateral corners of the glabella, but this may be the
result of preservation. The HCM specimens differ from
Moroccan species (see Geyer 1990b) in their wider
glabella across the occipital ring, lack of occipital spine
(median node preserved only on the exterior) and shorter
palpebral lobes.

OCCURRENCE: Middle Cambrian Eccaparadoxides
insularis to Paradoxides polonicus zones; Ociesęki
Formation at Zamczysko, Usarzów Formation at Ster-
nalice, Jugoszów 1, 3 and 7, and Słowiec Formation on
Słowiec Hill, HCM.

Ornamentaspis hupei (Orłowski, 1964)
(Pl. 3, Figs 1, 2; Pl. 4, Figs 4–6)

partim 1959b. Ellipsocephalus sandomiri n. sp.; S. Orłowski,
p. 518, pl. 2, fig. 4 (only).

partim 1964. Strenuella (Comluella) hupei n. sp.; S. Orłow-
ski, pp. 85, 86, fig. 17; pl. 9, figs 6–11 non pl.
9, fig. 12 (= Ornamentaspis opatowi).

1971. Strenuella (Comluella) hupei (Orłowski); S.
Orłowski, p. 353, pl. 1, figs 1–3.

1990. Strenuella (Comluella) hupei Orłowski; K.
Lendzion and S. Orłowski in Pajchlowa, p. 56,
pl. 15, fig. 5.

HOLOTYPE: Cranidium with incomplete thorax,
MUZWG ZI/29/2346, illustrated in Orłowski (1964, pl.
9, fig. 6) and in Lendzion and Orłowski in Pajchlowa
(1990, pl. 15, fig. 5), from the Ptychagnostus praecur-
rens Zone in the Jugoszów–Usarzów section (exposure
Jugoszów 19), HCM.

EMENDED DIAGNOSIS: Ornamentaspis with nar-
row glabella c. 82% of cranidial length and c. 50% of
cranidial width across centre of palpebral lobes; glabella
with three pairs of rather shallow lateral glabellar fur-
rows; occipital ring narrow, without spine; fixigenae c.

70% of maximum glabellar width; palpebral lobes less
than 30% of cranidial length; preglabellar field and an-
terior border poorly differentiated.

MATERIAL: Two cranidia with librigenae and incom-
plete thoraces, 32 cranidia.

DESCRIPTION: Cranidium sub-quadrangular, length
83±7% of maximum width across centre of palpebral
lobes (n=9). Sagittal convexity of cranidium more pro-
nounced than transverse convexity. Glabella convex,
slightly elevated above fixigenae, 82±2% of cranidial
length (n=13) and 49±5% of cranidial width across oc-
cipital ring (n=13). slightly tapering forwards, anterior
lobe sub-triangular to gently rounded. Three pairs of
short and shallow lateral glabellar furrows, S1 and S2
bent backwards, S3 bent forwards. Occipital furrow
shallow, straight medially and slightly curved forward
distally, not reaching axial furrows. Occipital ring
16±2% of cranidial length (n=12), wider medially, only
slightly elevated above the occipital furrow, without
spine or node. Axial furrows shallow, straight, slightly
shallower adjacent to frontal lobe of glabella. Fixige-
nae slightly elevated above the surrounding furrows,
69±3% of transverse occipital ring width (n=10). Palpe-
bral lobes crescent-shaped, 27±2% of cranidial length
(n=10). Eye-ridges faint, passing into poorly developed
anterolateral corners of the glabella. Palpebral furrows
shallow, indistinct. Anterior branch of facial suture
short, slightly divergent, not extending exsagittally be-
yond palpebral lobes. Posterior branch short, divergent.
Frontal area poorly separated into preglabellar field and
shorter, gently convex anterior border, 18±2% of crani-
dial length (n=13). Posterior furrow shallow, straight.

Librigena small, probably without spine, otherwise
too poorly preserved to allow detailed description. Tho-
rax comprising at least 8 segments. Pleural tips pointed
distally. Axial part slightly elevated above the pleural
parts.

MEASUREMENTS: Cranidial length 6.3–11.4 mm;
cranidial width across centre of palpebral lobes 7–13.6
mm (n=13). The holotype cranidium is the largest speci-
men.

REMARKS: The studied specimens represent a
species of Ornamentaspis due to the following fea-
tures: the transverse convexity of the cranidium is less
pronounced than the sagittal convexity, the fixigenae
are slightly elevated above the axial furrows, the
glabella has sub-parallel sides, and the lateral glabellar
furrows have a mixed kingaspidoid–protolenoid pat-
tern. The species resembles O. crassilimbata Geyer,
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1990b, differing in a slightly wider glabella across the
occipital ring, shorter palpebral lobes and the lack of an
occipital spine or node (Geyer 1990b). Moroccan
species of the genus are characterized by a more or less
pronounced parafrontal band generating anterolateral
corners of the glabella (Geyer 1990b), a feature that is
barely developed in the specimens of O. hupei, al-
though this might be the result of poor preservation.

OCCURRENCE: Middle Cambrian Eccaparadoxides
insularis to Paradoxides polonicus zones; Ociesęki
Formation at Zamczysko, Słowiec Formation on
Konarska and Słowiec hills, and Usarzów Formation at
Jugoszów 1a, 1, 3, 4, 7a, 19 and 20, HCM.

Ornamentaspis opatowi (Orłowski, 1985b)
(Pl. 3, Figs 6–8; Text-fig. 11)

partim 1964. Strenuella (Comluella) samsonowiczi n. sp.; S.
Orłowski, pp. 83–85, pl. 6, fig. 5; pl. 7, figs 1–
9; pl. 8, figs 1–3, 5–7 non text-fig. 16; pl. 6, figs
1–4, 6 (= Latikingaspis samsonowiczi); non pl.
8, figs 4, 8, 9; pl. 9, figs 1–5 (= Orodes usar-
zowi).

partim 1964. Strenuella (Comluella) hupei n. sp.; S. Orłowski,
pp. 85, 86, pl. 9, fig. 12 (only).

1985b. Comluella opatowi sp. n.; S. Orłowski, pp. 255–
257, fig. 3, pl. 4, figs 6–14.

HOLOTYPE: Cranidium MUZWG ZI/29/1707, illus-
trated in Orłowski (1964, pl. 7, fig. 2a–b; 1985b, pl. 4,
fig. 12), from the Jugoszów–Usarzów section (expo-
sure Jugoszów 1a), HCM.

EMENDED DIAGNOSIS: Ornamentaspis with paral-
lel-sided glabella c. 80% of cranidial length and c. 40%
of cranidial width across centre of palpebral lobes,
rounded anteriorly, with three pairs of lateral glabellar
furrows, of which the two posterior are directed back-
wards, and the anterior is directed forwards; fixigenae
c. 87% of maximum glabellar width; exsagittal length
of palpebral lobes c. 27% of cranidial length; preglabel-
lar field not differentiated from anterior border; free
cheek with tiny lateral spine.

MATERIAL: 155 cranidia, one cranidium with librige-
nae.

DESCRIPTION: Cranidium sub-quadrangular, slightly
wider than long, length 85±7% of maximum width
across centre of palpebral lobes (n=59). Overall convex-
ity low. Glabella strongly convex, 79±4% of cranidial
length (n=67) and 40±5% of cranidial width across oc-

cipital ring (n=67); with parallel sides and anterior lobe
strongly elevated and rounded anteriorly. Three pairs of
lateral glabellar furrows, shallow, short and in most cases
indistinct, S1 and S2 directed backwards, S3 directed for-
wards. Occipital furrow deep, only slighly curved for-
ward distally. Occipital ring 17±2% of cranidial length
(n=56), slightly longer medially, rounded posteriorly,
with trace of a median spine or node on exterior. Axial
furrows deep, slightly shallower adjacent to frontal lobe
of glabella. Fixigenae distinctly elevated above the sur-
rounding furrows, particularly the palpebral furrow,
evenly convex both exsagittally and transversely,
87±12% of transverse occipital ring width (n=58). Palpe-
bral lobes crescent-shaped, narrow, 27±4% of cranidial
length (n=53). Palpebral furrow shallow and narrow.
Eye-ridges faint, anterolateral corners indistinct. Ante-
rior branch of facial suture short, divergent, anterolateral
wings not exceeding exsagittally beyond palpebral lobes.
Posterior branch short, divergent. Frontal area indistinctly
separated into flat preglabellar field and gently convex
short anterior border, 21±4% of cranidial length (n=67).
Posterior furrow deep, very wide, widening distally.

Librigena small, with wide, poorly defined lateral
border and tiny lateral spine.

MEASUREMENTS: The holotype cranidium is 15.5
mm long and 19.3 wide across centre of palpebral lobes.
Cranidial length 5.4–17.9 mm; cranidial width across
centre of palpebral lobes 6.3–17.9 mm (n=67).

REMARKS: Comluella opatowi was distinguished by
Orłowski (1985b) as one of the three species (besides C.
samsonowiczi and C. usarzowi) from the diverse group
of specimens assigned by him earlier (Orłowski 1964) to
Strenuella (Comluella) samsonowiczi (see Text-fig. 11).
Geyer (1990b) referred these three species to Ornamen-
taspis. This reference is retained herein only for speci-
mens assigned earlier to C. opatowi, whereas C.
samsonowiczi is a representative of Latikingaspis Geyer,
1990b (see above) and C. usarzowi of Orodes Geyer,
1990b (see below). O. opatowi is characterized by a dis-
tinctly convex glabella with elevated anterior lobe, a fea-
ture that it shares with O. crassilimbata Geyer, 1990b
from the O. frequens Zone of Morocco (Geyer 1990b).
Moroccan species of the genus (Geyer 1990b) generally
have longer palpebral lobes except O. usitata Geyer,
1990b, which in turn has a slightly shorter and low-re-
lief glabella. O. opatowi can be clearly distinguished
from the Polish representatives of Ornamentaspis by its
pronounced cranidial morphology (elevated glabella and
fixigenae) and generally narrower glabella across the oc-
cipital ring, a feature that is also present in most Mo-
roccan species (see Geyer 1990b).
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OCCURRENCE: Middle Cambrian Eccaparadoxides
insularis to Paradoxides polonicus zones; Ociesęki
Formation at Zamczysko, Usarzów Formation at Ster-
nalice, Jugoszów 1a, 1, 3, 4, 7, 7a and 20, and Słowiec
Formation on Słowiec Hill, HCM.

Ornamentaspis puschi (Orłowski, 1959b)
(Pl. 2, Figs 7, 8)

1959b. Ellipsocephalus puschi n. sp.; S. Orłowski, p.
517, text-fig. 1b; pl. 2, fig. 1a–c.

1964. Ellipsocephalus puschi Orłowski; S. Orłowski,
p. 82, pl. 4, figs 1–3.

partim 1964. Ellipsocephalus sandomiri Orłowski; S. Orłow-
ski, p. 83, pl. 3, fig. 8 (only).

partim 1964. Ellipsocephalus gürichi Orłowski; S. Orłowski,
pl. 4, figs 5, 8 (only).

1985b. Ellipsocephalus puschi Orłowski; S. Orłowski,
p. 253, pl. 2, figs 5–8.

partim 1985b. Ellipsocephalus guerichi Orłowski; S. Orłow-
ski, p. 24, pl. 2, fig. 15 (only).

1990. Ellipsocephalus puschi Orłowski; K. Lendzion
and S. Orłowski in Pajchlowa, p. 54, pl. 14,
fig. 7.

HOLOTYPE: Cranidium MUZWG ZI/29/2578, illus-
trated in Orłowski (1959b, pl. 2, fig. 1a–c; 1985b, pl. 2,
fig. 6) and in Lendzion and Orłowski in Pajchlowa
(1990, pl. 14, fig. 7), from the Ptychagnostus praecur-
rens Zone in the Jugoszów–Usarzów section (exposure
Jugoszów 4), HCM.

EMENDED DIAGNOSIS: Ornamentaspis with glabella
c. 80% of cranidial length and c. 47% of cranidial width
across centre of palpebral lobes, slightly tapering for-
wards; occipital ring sagittally narrow, separated from
glabella by narrow and deep occipital furrow; fixigenae
c. 80% of maximum glabellar width; exsagittal length
of palpebral lobes c. 23% of cranidial length; preglabel-
lar field distinctly separated from narrow anterior border.

MATERIAL: Over 250 cranidia, one incomplete thorax,
and one pygidium tentatively assigned to the species.

DESCRIPTION: Cranidium sub-quadrangular,
slightly wider than long, length 80±7% of maximum
width across centre of palpebral lobes (n=38). Overall
convexity moderate, more pronounced sagittally than
transversely. Glabella convex, distinctly elevated
above fixigenae, 81±3% of cranidial length (n=48)
and 47±5% of cranidial width across occipital ring
(n=48), tapering forwards and rounded anteriorly. Lat-
eral glabellar furrows effaced. Occipital furrow shal-

low to obsolescent, curved forward distally, not reach-
ing axial furrows. Occipital ring 13±2% of cranidial
length (n=47), strongly bent downwards posteriorly in
lateral view. No trace of spine or node. Axial furrows
shallow, shallower adjacent to frontal lobe of the
glabella. Fixigenae slightly elevated above the sur-
rounding furrows, 80±9% of transverse occipital ring
width (n=43). Palpebral lobes crescent-shaped,
23±3% of cranidial length (n=39), palpebral furrows
indistinct. Eye-ridges faint, passing into anterolateral
corners of glabella. Parafrontal band clearly visible.
Anterior branches of facial suture diverging, short, an-
terolateral wings slightly extending exsagittally be-
yond palpebral lobes. Posterior branches shorter,
divergent. Posterior border furrow shallow, slightly
curved forward distally. Frontal area 19±3% of crani-
dial length (n=48), rounded anteriorly, faintly differ-
entiated into preglabellar field and gently convex,
slightly shorter anterior border.

Thorax comprising at least 11 segments; pygidium
small, triangular in outline.

MEASUREMENTS: The holotype cranidium is 16.9
mm long and 18.5 wide across centre of palpebral lobes.
Cranidial length 7.7–19.3 mm; cranidial width across
centre of palpebral lobes 10–22.3 mm (n=67).

REMARKS. Following Geyer (1990b), Ellipsocepha-
lus puschi sensu Orłowski, 1959b is assigned herein to
Ornamentaspis. This is justified by an overall convex-
ity of the cranidium which is more pronounced sagit-
tally than transversely, a distinct parafrontal band and
fixigenae elevated above the surrounding furrows. In
contrast to Ornamentaspis, O. puschi has effaced lat-
eral glabellar furrows, and its occipital ring lacks an
occipital spine or node. In these characters the species
resembles Kingaspis sensu Geyer, 1990b. However,
species of Kingaspis should have all furrows effaced
on the exterior, whereas in O. puschi only the lateral
glabellar furrows are effaced. The specimens studied
might therefore represent a genus transitional between
Kingaspis and Ornamentaspis. The lack of complete
specimens does not allow a confident interpretation.

OCCURRENCE: Middle Cambrian Eccaparadoxides
insularis to Paradoxides polonicus zones; Ociesęki
Formation at Zamczysko, Usarzów Formation at Ster-
nalice, Jugoszów 3, 4, 7, 7a, 19, and Helenów, and
Słowiec Formation on Słowiec Hill, HCM.

Subfamily Protoleninae Richter and Richter, 1948
emend. Geyer, 1990b

Genus Hamatolenus Hupé, 1953 emend. Geyer, 1990b
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TYPE SPECIES: Hamatolenus continuus Hupé, 1953
(= Protolenus elegans var. marocana Neltner, 1938
emend. Geyer, 1990b) from Wirgane, High Atlas, Mo-
rocco, OD.

Subgenus Hamatolenus Hupé, 1953 emend. Geyer,
1990b

TYPE SPECIES: As for genus.

Hamatolenus (Hamatolenus) glabellosus (Orłowski,
1985a)

(Pl. 1, Fig. 2)

1962. Conocoryphe? sp.; J. Samsonowicz, p. 20, pl. 3, fig.
10, 10a.

1985a. Protolenus (Latoucheia) glabellosus sp. n.; S. Orłow-
ski, pp. 247, 248, fig. 18; pl. 6, fig. 10.

2007. Hamatolenus (Hamatolenus) glabellosus (Orłowski);
J. Nawrocki et al., fig. 8.1.

HOLOTYPE: Cranidium MUZWG ZI/42/148, illus-
trated in Samsonowicz (1962, pl. 3, fig. 10, 10a),
Orłowski (1985a, pl. 6, fig. 10), and Nawrocki et al.
(2007, fig. 8.1), from the Protolenus–Issafeniella Zone
at Kamieniec dam, HCM (Pl. 1, Fig. 2).

EMENDED DIAGNOSIS: Hamatolenus with glabella
c. 75% of cranidial length, parallel sides, and three pairs
of lateral glabellar furrows. Eye ridges almost as broad
as palpebral lobes which are c. one-third of cranidial
length. Surface of test covered with distinct ornamen-
tation in form of fine tubercles.

MATERIAL: One cranidium and two pleurae assigned
to the species.

DESCRIPTION: Cranidium sub-rectangular, overall
convexity modest, length approximately 70% of max-
imum width across centre of palpebral lobes. Glabella
slightly convex, approximately 75% of cranidial length
and approximately 40% of cranidial width across oc-
cipital ring; glabella parallel-sided, with rounded front
anterior to eye-ridges. Three short lateral glabellar fur-
rows slightly curved obliquely backwards. Occipital
furrow very narrow, slightly curved forward distally.
Occipital ring approximately 13% cranidial length,
slightly wider medially, with median node. Axial fur-
rows deep and narrow. Fixigenae almost flat, slightly
elevated above axial furrows, maximum width approxi-
mately 65% of transverse occipital ring width. Palpe-
bral lobes cord-like, exsagittally approximately 35%
of cranidial length; transverse width of palpebral lobes

slightly larger than width of eye-ridges which curve
obliquely forwards and pass into distinct parafrontal
band. Palpebral furrow shallow and indistinct. Ante-
rior branches of facial suture moderately short, diverg-
ing from palpebral lobes to anterior margin,
anterolateral wings not extending exsagittally beyond
palpebral lobes. Posterior branches short, diverging;
posterior ends of palpebral lobes not reaching poste-
rior border furrow. Frontal area approximately 25% of
cranidial length, separated into slightly convex
preglabellar field and much wider and flat anterior bor-
der. Parafrontal band well-developed. Posterior border
furrow deep, wider distally. Test evenly covered with
fine tubercles.

MEASUREMENTS: The single known cranidium is a
flattened specimen; it is approximately 11.5 mm long
and 22 mm wide across centre of palpebral lobes.

REMARKS: Despite its poor preservation and strong
flattening, the single specimen fits the definition of
Hamatolenus (Hamatolenus). It best resembles the type
species H. (H.) marocanus (see Geyer 1990b), differing
in the absence of an occipital spine, which may be the re-
sult of poor preservation. In the absence of additional
specimens, H. (H.) glabellosus cannot be included with
confidence into the synonymy of H. (H.) marocanus. H.
(H.) draensis (Hupé, 1953) emend. Geyer, 1990b has
much longer palpebral lobes whose posterior ends reach
the posterior border furrow, and eye-ridges that are
slightly narrower than the palpebral lobes, while H. (H.)
meridionalis Geyer, 1990b has much longer palpebral
lobes (Geyer 1990b).

OCCURRENCE: Lower Cambrian Protolenus–Is-
safeniella Zone; Kamieniec Formation at Kamieniec
dam, HCM.

Genus Protolenus Matthew, 1892 emend. Geyer, 1990b

TYPE SPECIES: Protolenus elegans Matthew, 1892,
emend. Westrop and Landing, 2000, from Hanford
Brook, New Brunswick, Canada, OD.

Subgenus Hupeolenus Geyer, 1990b

TYPE SPECIES: Protolenus (Hupeolenus) hupei
Geyer, 1990b, from the Lemdad Syncline, High Atlas,
Morocco, OD.

Protolenus (Hupeolenus) czarnockii Orłowski and
Bednarczyk in Bednarczyk et al., 1965

(Pl. 1, Figs 3, 4)
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1965. Protolenus (Protolenus) czarnockii n. sp.; S. Orłowski
and W. Bednarczyk in Bednarczyk et al., pp. 233, 234,
pl. 1, figs 1–6.

1990. Protolenus (Protolenus) czarnockii Orłowski and Bed-
narczyk; W. Bednarczyk and S. Orłowski in Pajchlowa,
pp. 57, 58, pl. 16, fig. 4.

2007. Protolenus (Protolenus) czarnockii Orłowski and Bed-
narczyk; J. Nawrocki et al., figs 8.3, 8.5.

HOLOTYPE: Cranidium OS-69/3, illustrated in Bed-
narczyk et al. (1965, pl. 1, fig. 1), Bednarczyk and
Orłowski in Pajchlowa (1990, pl. 16, fig. 4), and
Nawrocki et al. (2007, fig. 8.5), from the Protolenus–
Issafeniella Zone in the Zaręby 2 borehole, HCM.

EMENDED DIAGNOSIS: Species of Protolenus (Hu-
peolenus) with narrow, gently tapered glabella with
rounded anterior lobe, c. 70% of cranidial length and c.
25% of glabellar width across centre of palpebral lobes
in undistorted specimens; three pairs of lateral glabellar
furrows directed backwards; parafrontal band distinct;
eye-ridges straight, normal to axis, passing into slightly
wider palpebral lobes; preglabellar field of similar sagit-
tal width as flat anterior border.

MATERIAL: One almost complete carapace without
pygidium, 3 cranidia, one librigena.

DESCRIPTION: Cranidium sub-rectangular, overall
convexity minor, length 83–88% of maximum width
across centre of palpebral lobes. Glabella slightly con-
vex, barely elevated above fixigenae, 75–80% of crani-
dial length and 34–39% of cranidial width across
occipital ring; glabella parallel-sided in posterior part,
slightly tapering forward in anterior part, with gently
rounded frontal lobe. Three straight and short lateral
glabellar furrows; S1 directed strongly backwards, S2
less inclined backwards, and S3 almost normal to axis.
Occipital furrow moderately narrow, almost straight.
Occipital ring 10–16% of cranidial length, sagittally
wider than at axial furrows. Axial furrows narrow and
deep. Fixigenae almost flat, each with faint diagonal
furrow which is more distinct in distorted specimens;
96–110% of transverse occipital ring width. Palpebral
lobes cord-like, exsagittally approximately 28% of
cranidial length, extending into eye-ridges directed al-
most normal to axis. Furrow separating palpebral lobes
and eye ridges narrow. Palpebral furrow distinct, nar-
row. Anterior branches of facial suture moderately short
and slightly diverging from palpebral lobes to anterior
margin, anterolateral wings not extending exsagittally
beyond palpebral lobes in undistorted specimens. Pos-
terior branches short, slightly diverging, posterolateral

wings not extending exsagittally beyond palpebral
lobes. Frontal area 19–25% of cranidial length, dis-
tinctly separated into preglabellar field and flat, anteri-
orly rounded anterior border. Parafrontal band
well-developed. Corner furrows on preglabellar field
barely visible. Posterior border widening distally, poste-
rior border furrow shallow, deeper adjacent to axial fur-
rows and shallowing distally, slightly curved forward
adaxially.

Librigena with stout spine of moderate length, al-
most confluent with lateral margin. Border wide, flat,
broadening posteriorly. Lateral and posterior border fur-
rows well defined. Genal spine angle obtuse, inner
spine angle close to a right angle.

Thorax composed of at least 11 segments. Segments
transversely widest in anterior part of thorax, distinctly
narrowing after 7th segment. Axis narrow, distinctly el-
evated above transversely wide pleurae. Anterior pleu-
ral tips pointed and directed backwards, with moderately
stout pleural spines. Macropleural second segment, its
distal portion modified with slender pleural spine, ex-
tending at least beyond 11th segment. Pygidium un-
known.

MEASUREMENTS: The largest undeformed crani-
dium (OS 69/3a) is 4.6 mm long and 5.1 mm wide
across centre of palpebral lobes. The holotype cranid-
ium is deformed (tilted and transversely compressed);
after retrodeformation it is c. 4.0 mm long and c. 5.0
mm wide across centre of palpebral lobes.

REMARKS: Apart from being flattened due to com-
paction, the specimens assigned to this species are
mostly distorted, either transversely or sagittally. They
have small dimensions and most probably represent ju-
venile forms. Nevertheless, in most aspects they fit the
diagnosis for Protolenus (Hupeolenus) (see also Geyer
1990b), with the only difference that the corner furrows
are barely developed, being visible only on some spec-
imens. This may be caused either by the fact that the
specimens are distorted and flattened, or that corner fur-
rows are not well-developed in juveniles. From P. (H.)
hupei Geyer, 1990b the species differs in barely pro-
nounced corner furrows and a less tapering posterior
part of the glabella, and from P. (H.) termierelloides
Geyer, 1990b and P. (H.) dimarginatus Geyer, 1990b
in a much narrower and sub-parallel glabella and a
preglabellar field of almost the same width as the ante-
rior border. All Moroccan species have tests covered
with granules (see Geyer 1990b), whereas ornamenta-
tion is not visible on the HCM specimens.

OCCURRENCE: Lower Cambrian Protolenus–Issafe-
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niella Zone; Kamieniec Formation in the Zaręby 2
borehole (1336.5–1337.0 m), HCM.

Genus Latoucheia Hupé, 1953 emend. Geyer, 1990b

TYPE SPECIES: Protolenus latouchei Cobbold, 1910,
from Comley, Shropshire, UK; OD.

Subgenus Latoucheia Hupé, 1953 emend. Geyer,
1990b

TYPE SPECIES: As for genus.

Latoucheia (Latoucheia) longa (Orłowski, 1959b)
(Pl. 3, Figs 3, 5)

1959b. Ellipsocephalus longus n. sp.; S. Orłowski, p. 519,
text-fig. 1e; pl. 2, figs 7–9.

1971. ?Ellipsocephalus longus Orłowski; S. Orłowski, p.
353, pl. 1, figs 4–6.

1985b. Ellipsocephalus longus Orłowski; S. Orłowski, p. 254,
pl. 3, figs 1–3.

1990. Ellipsocephalus longus Orłowski; K. Lendzion and S.
Orłowski in Pajchlowa, p. 53, pl. 14, fig. 4.

HOLOTYPE: Cranidium MUZWG ZI/29/2609, illus-
trated in Orłowski (1959b, pl. 2, fig. 8a–c; 1985b, pl. 3,
fig. 3) and in Lendzion and Orłowski in Pajchlowa
(1990, pl. 14, fig. 4), from the Eccaparadoxides insu-
laris Zone in the Jugoszów–Usarzów section (exposure
Jugoszów 1a), HCM.

EMENDED DIAGNOSIS: Latoucheia (Latoucheia)
with narrow, parallel-sided glabella c. 83% of cranidial
length and c. 43% of cranidial width across centre of
palpebral lobes, slightly rounded anteriorly; occipital
ring c. 17% of cranidial length, distinctly rounded pos-
teriorly; fixigenae c. 73% of transverse glabellar width;
exsagittal length of palpebral lobes c. 27% of cranidial
length; preglabellar field narrow, anterior border poorly
distinguishable from preglabellar field.

MATERIAL: 17 cranidia.

DESCRIPTION: Cranidium sub-quadrangular, overall
convexity minor, length 87±5% of maximum width
across centre of palpebral lobes (n=6). Glabella convex,
only slightly elevated above fixigenae, 83±3% of crani-
dial length (n=9) and 43±3% of cranidial width across
occipital ring (n=7); glabella almost parallel-sided,
slightly narrowing forwards. Frontal lobe gently
rounded anteriorly. Three poorly developed lateral
glabellar furrows, short and very shallow, visible only

on a few specimens. Occipital furrow broad sagittally,
narrower distally, straight. Occipital ring 17±2% of
cranidial length (n=5), sagittally longer than at axial fur-
rows. Axial furrows shallow to almost obsolescent ad-
jacent to frontal lobe of glabella. Fixigenae almost flat,
exsagittally 73±12% of occipital ring width (n=6).
Palpebral lobes crescent-shaped, 27±3% of cranidial
length (n=5), only slightly elevated above faintly
marked palpebral furrows. Eye-ridges developed as a
distinct change of slope on fixigenae passing into
frontal area. Anterior branches of facial suture short and
slightly diverging from palpebral lobes to frontal mar-
gin, anterolateral wings only slightly extending exsagit-
tally beyond palpebral lobes. Posterior branches short,
slightly diverging, not extending exsagittally beyond
palpebral lobes. Frontal area 17±3% of cranidial length
(n=9), barely separated into preglabellar field and ante-
rior border. Preglabellar field slightly wider than ante-
rior border in front of glabella. Parafrontal band faint.
Posterior border slightly broadening distally. Posterior
border distally deeper and wider.

MEASUREMENTS: Cranidial length 5.9–10.4 mm;
cranidial width across centre of palpebral lobes 7.2–
11.6 mm (n=9). The holotype cranidium is the largest
specimen.

REMARKS: The studied specimens are closest to La-
toucheia (Latoucheia) due to the general cranidial pro-
portions, modest cranidial convexity, narrow and
parallel-sided glabella, faint parafrontal band and eye-
ridges normal to the axis. They differ from L. (L.)
pusilla Geyer, 1990b in a slightly longer glabella and
slightly shorter occipital ring in relation to the cranidial
length, and from L. (L.) epichara Geyer, 1990b in a
slightly longer glabella. L. (L.) longicervix Geyer,
1990b is characterized by an extremely long occipital
ring in larger specimens. The development of the eye-
ridge as a distinct change of slope between the fixige-
nae and the frontal area in L. (L.) longa is similar to that
in L. (L.) epichara (see Geyer 1990b, pl. 48). All species
from Morocco are characterized by distinct external or-
namentation of the cranidium (see Geyer 1990b).

OCCURRENCE: Middle Cambrian Eccaparadoxides
insularis to Paradoxides polonicus zones; Słowiec For-
mation at Konarska and Słowiec hills, and Usarzów
Formation at Jugoszów 1a, 1, 3, 4 and 7a, HCM.

Genus Orodes Geyer, 1990b

TYPE SPECIES: Orodes schmitti Geyer, 1990b, from
Amouslek, Anti-Atlas, Morocco, OD.
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Orodes usarzowi (Orłowski, 1985b)
(Pl. 2, Fig. 6; Pl. 5, Figs 6–8; Text-fig. 11)

partim 1964. Strenuella (Comluella) samsonowiczi sp. n.; S.
Orłowski, pp. 83–85, pl. 8, figs 4, 8, 9; pl. 9, figs
1–5 non pl. 6, fig. 5; pl. 7, figs 1–9; pl. 8, figs 1–
3, 5–7 (= Ornamentaspis opatowi); non pl. 6,
figs 1–4, 6 (= Latikingaspis samsonowiczi).

1985b. Comluella usarzowi sp. n.; S. Orłowski, pp. 257,
258, fig. 4; pl. 3, figs 4–6; pl. 4, figs 1–5.

HOLOTYPE: Cranidium MUZWG ZI/29/1681, illus-
trated in Orłowski (1964, pl. 8, fig. 9a–b; 1985b, pl. 4,
fig. 1a–b), from the Eccaparadoxides insularis Zone in
the Jugoszów–Usarzów section (exposure Jugoszów
1a), HCM.

EMENDED DIAGNOSIS: Orodes with glabella c.
82% of cranidial length and 55% of cranidial width
across centre of palpebral lobes; glabella prominently
convex anteriorly, with three pairs of lateral glabellar
furrows directed slightly backwards; fixigenae c. 84%
of maximum glabellar width; exsagittal length of
palpebral lobes c. 27% of cranidial length; anterior
border poorly defined from preglabellar field,
strongly bent ventrally; librigena with small lateral
spine.

MATERIAL: 58 cranidia, one cranidium with single
librigena.

DESCRIPTION: Cranidium distinctly wider than
long, strongly convex anteriorly, length 64±6% of
maximum width across centre of palpebral lobes
(n=24). Glabella strongly convex, distinctly elevated
above fixigenae, 82±3% of cranidial length (n=24)
and 55±7% of cranidial width across occipital ring
(n=23); frontal lobe rounded and prominent, bearing
the most elevated point of glabella; three pairs of shal-
low and wide lateral glabellar furrows; S1 deeper than
S2 and S3, directed slightly backwards. Occipital fur-
row distinct and broad, slightly deeper medially. Oc-
cipital ring 17±3% of cranidial length (n=23),
medially wider than at axial furrows, flat, with poste-
rior rim strongly curved inwards. Axial furrows shal-
low and wide, but distinct, obsolescent adjacent to
frontal lobe of glabella. Fixigenae distinctly elevated
above axial furrows and palpebral lobes, more-or-less
flat, 84±13% of transverse occipital ring width (n=19),
exsagittally 31±5% of cranidial length (n=21). Palpe-
bral lobes crescent-shaped, with slightly narrower an-
terior and posterior ends, 27±5% of cranidial length
(n=20). Palpebral furrow shallow and narrow. Eye-

ridges indistinct, normal to axis. Anterior branches of
facial suture short, diverging from palpebral lobes to
frontal margin and anterolateral wings extending
exsagittally beyond palpebral lobe. Posterior branches
diverging, posterolateral wings extending exsagittally
beyond palpebral lobes. Frontal area 18±3% of crani-
dial length (n=24), strongly sloping ventrally anteri-
orly, indistinctly separated into preglabellar field and
anterior border. Posterior border distinct, convex,
broadening distally. Posterior border furrow narrow
and deep, slightly oblique to axis.

Librigena small, with short stout spine directed dis-
tally, with flat and distinct lateral border. Thorax and
pygidium unknown.

MEASUREMENTS: The holotype cranidium is 12.5
mm long and 20 mm wide across centre of palpebral
lobes. Cranidial length 5.2–16.5 mm; cranidial width
across centre of palpebral lobes 7.9–23.8 mm (n=24).

REMARKS. Orłowski (1985b) distinguished speci-
mens referred herein to O. usarzowi as separate species
from the very diverse collection of specimens assigned
by him earlier (Orłowski 1964) to Strenuella (Com-
luella) samsonowiczi (see Text-fig. 11). These speci-
mens in fact represent a species of Orodes Geyer, 1990b
due to the following features: proportion of cranidial
width to cranidial length, proportion of glabellar length
to cranidial length, most elevated point of glabella in its
anterior half, and frontal area located much lower than
the fixigenae. From the type species, O. schmitti, the
specimens differ in a slightly shorter glabella in rela-
tion to cranidial length, greater width of the glabella
across the occipital ring, a slightly less elevated ante-
rior lobe of the glabella, less pronounced eye-ridges,
and an anterior border that is poorly separated from the
preglabellar field. The latter two differences may result
from poor preservation. Other species falling into the
definition of Orodes include O. howleyi (Walcott, 1889)
from the Orodes howleyi Zone of Newfoundland
(Fletcher 2003, 2006) and O.? lapponica (Ahlberg,
1980) from the upper ‘Ornamentaspis’ linnarssoni
Zone of northern Sweden (Axheimer et al. 2007). From
these species, O. usarzowi differs in its parallel sided
glabella and the absence of ornamentation on the test.
The eye-ridges are also directed forwards exsagittally in
both O. howleyi and O.? lapponica.

OCCURRENCE: Middle Cambrian Eccaparadoxides
insularis to Paradoxides polonicus zones; Ociesęki
Formation at Zamczysko, Usarzów Formation at Ster-
nalice, Jugoszów 1a, 1, 3, 4, 7, 7a and 20, and Słowiec
Formation on Słowiec Hill, HCM.
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Acritarchs (ZS)

Material and methods

Samples, 150 to 200 g in weight were processed using
standard palynological method by acid digestion (Vidal
1988). Glycerine-gelatine microscope slides were stud-
ied in bright-field microscopy (Leitz Laborlux S mi-
croscope) under magnifications between 200× and
1200×, and photographed with a Canon A620 camera
attached to a computer. Detailed descriptions are sup-
plied only for taxa important biostratigraphically.

Systematic descriptions

Genus Adara Fombella, 1977 emend. Martin in Martin
and Dean, 1981

TYPE SPECIES: Adara matutina Fombella, 1977.

Adara alea Martin in Martin and Dean, 1981
(Pl. 8, Figs 8–11)

1981. Adara alea sp. nov.; F. Martin in Martin and Dean, p.
16, pl. 1, figs 20–22; pl. 4, fig. 7.

1988. Adara denticulata Tongiorgi sp. nov.; G. Bagnoli et al.,
pp. 183, 184, pl. 25, figs 1–5; pl. 26, figs 6, 7.

1998. Adara alea Martin, 1981; M. Moczydłowska, pp. 46–
49, pl. 21a–c.

2001. Adara cf. alea Martin, 1981; Z. Szczepanik, pl. 3, fig. 13.

MATERIAL: 5 well-preserved specimens.

DESCRIPTION: Vesicle subcircular to oval with nu-
merous short conical processes with very wide bases
and rounded distal ends. Surface of central body
smooth. Long, very thin (thread-like) 2nd range
processes sometimes present on the surface of processes
(remains of damaged membrane?). Processes hollow
and freely connected with the inner cavity of the central
body. Processes numerous with 11 to 20 processes visi-
ble on the vesicle outline.

MEASUREMENTS. Length of vesicle: 25–36 µm
(average 31 µm); width of vesicle: 22–28 µm (average
25 µm); length of process: 2–4 µm (average 3 µm);
width of process base: 3–6 µm (average 5 µm) (n=5).

OCCURRENCE: Adara alea is an index taxon of the
Middle Cambrian P. paradoxissimus Superzone, and
ranges most probably to a part of the A. oelandicus
Superzone (co-occurrence with Liepaina plana). In
the study area the species occurs in the Middle Cam-

brian Kobierniki Beds of the Lenarczyce PIG-1 bore-
hole. It is also known from the Middle Cambrian of
the Pepper Mts. Formation, HCM, Poland (Szczepanik
2001); Middle Cambrian P. paradoxissimus and P.
forchhammeri superzones (Moczydłowska 1998) and
lower part of the Furongian (but see discussion in
Vanguestaine and Brück 2008, pp. 91, 92) in Upper
Silesia, Poland; Middle Cambrian P. paradoxissimus
Superzone of Newfoundland, Canada (Martin and
Dean 1981, 1984, 1988); Middle Cambrian (P. para-
doxissimus Superzone equivalent) of south-east
Turkey (Erkmen and Bozdoğan 1981); Middle Cam-
brian P. paradoxissimus Superzone of the Furuhäll
section, Sweden (Bagnoli et al. 1988); the P. para-
doxissimus Superzone equivalent of Tunisia (Albani
et al. 1991); Middle Cambrian of south-east Ireland
(Vanguestaine and Brück 2008); the P. paradoxissimus
Superzone equivalent of south-west Spain (Palacios
et al. 2006); Middle Cambrian of north-west Algeria
(Vecoli et al. 2008).

Genus Comasphaeridium Staplin, Jansonius and
Pocock, 1965

TYPE SPECIES: Comasphaeridium cometes (Valensi,
1949) Staplin, Jansonius and Pocock, 1965.

Comasphaeridium silesiense Moczydłowska, 1998
(Pl. 8, Figs 17, 18; Pl. 10, Fig. 19)

1998. Comasphaeridium silesiense n. sp.; M. Moczydłowska,
pp. 54, 55, pl. 22a–c, e (with full synonymy).

2001. Comasphaeridium sp.; Z. Szczepanik, pl. 2, fig. 24.
2008. Comasphaeridium silesiense Moczydłowska, 1998; M.

Vanguestaine and P.M. Brück, p. 75, pl. 1, fig. 11.

MATERIAL: 12 well-preserved specimens.

DESCRIPTION: Vesicle subcircular to oval with
very numerous, evenly distributed and densely
arranged, solid, slender, flexible, hair-like processes.
All processes of similar length, smaller than the
vesicle radius.

MEASUREMENTS: Length of vesicle: 24–38 µm (av-
erage 30 µm); width of vesicle: 22–28 µm (average 25
µm); length of process: 5–10 µm (average 7 µm) (n=10).

OCCURRENCE: In the study area it occurs in the Mid-
dle Cambrian of the Lenarczyce exposure and Lenar-
czyce PIG-1 borehole section. It is also known from the
Middle Cambrian of the Pepper Mts. Formation, HCM,
Poland (Szczepanik 2001); Middle Cambrian A. oe-
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landicus and P. paradoxissimus superzones and lower
Furongian (but see discussion in Vanguestaine and Brück
2008, pp. 91, 92) of Upper Silesia, Poland (Moczy-
dłowska 1998); Middle Cambrian A. oelandicus Super-
zone of Sweden (Hagenfeldt 1989a); lower Middle
Cambrian of Libya (Albani et al. 1991); Furongian of
Ireland (Moczydłowska and Crimes 1995); Middle Cam-
brian of Ireland (Vanguesteine and Brück 2008); Middle
Cambrian of south-west Spain (Palacios et al. 2006).

Genus Eliasum Fombella, 1977

TYPE SPECIES: Eliasum llaniscum Fombella, 1977.

Eliasum sp. A
(Pl. 9, Figs 42–44)

MATERIAL: 4 well-preserved specimens.

DESCRIPTION: Large, elongated, ellipsoidal vesicle
with asymmetrical poles. One is wide, with rounded
edge, located opposite a narrower pole, smoothly pas-
sing into a bottleneck-shaped kind of process with
round opening in the distal part. Few wide crests ex-
tending along the vesicle. Crests distorted probably due
to deformation of vesicle.

MEASUREMENTS: Length of vesicle: 69–91 µm (av-
erage 80 µm); width of wider part of vesicle: 36–49 µm
(average 44 µm) (n=4).

REMARKS: The specimens are characterized by a bot-
tle-like shape and may be a new species of the genus
Eliasum. However, due to the very few specimens
available and their occurrence in only one exposure,
they are left in open nomenclature.

OCCURRENCE: Middle Cambrian Ptychagnostus
praecurrens Zone of the Jugoszów 20 exposure, Usa-
rzów Formation, HCM, Poland.

Genus Leiovalia Eisenack, 1965 ex. Górka, 1969

TYPE SPECIES: Leiofusa (= Leiovalia) ovalis Eise-
nack, 1938.

Leiovalia tenera Kiryanov, 1974
(Pl. 7, Figs 31–33)

1974. Leiovalia terena sp. nov.; V.V. Kiryanov, pp. 124, 125,
pl. 7, fig. 11a–b.

1974. Leiovalia terena Kiryanov, 1974; N.A. Volkova, pl. 28,
fig. 6.

1979. Leiovalia terena Kiryanov, 1974; N.A. Volkova et al.,
p. 24, pl. 22, figs 1–6.

1982. Leiovalia sp.; R. Tynni, fig. 1e.

MATERIAL: 44 well-preserved specimens.

DESCRIPTION: Vesicle large, elongated-oval in out-
line, sometimes slightly flattened in the vicinity of
poles. Vesicle wall very thin, with numerous tiny folds
due to compression. Folds distributed irregularly. Com-
pression folds not altering the outline of the vesicle but
concentrating on its surface. Circular or polygonal im-
prints observed in many specimens, probably repre-
senting imprints of mineral crystals (pyrite). Surface of
vesicle generally smooth, sometimes slightly rough. No
opening structure present.

MEASUREMENTS: Length of vesicle: 95–190 µm
(average 160 µm); width of vesicle: 49–85 µm (average
64 µm) (n=10).

OCCURRENCE: In the study area it is known from the
Lower Cambrian Protolenus–Issafeniella Zone of the
Kamieniec dam section. It is also known from the upper
Lower Cambrian and lower Middle Cambrian of the
EEC and in Scandinavia (for detailed localities and
ranges see Volkova et al. 1983, p. 30 and Hagenfeldt
1989a, pp. 65, 66).

Genus Liepaina Yankauskas and Volkova in Volkova
et al., 1979

TYPE SPECIES: Liepaina plana Yankauskas and
Volkova in Volkova et al., 1979.

Liepaina plana Yankauskas and Volkova in Volkova
et al., 1979

(Pl. 8, Figs 1–7)

1979. Liepaina plana Yankauskas and Volkova sp. nov.;
N.A. Volkova et al., pp. 28, 29, pl. 20, figs 1–6.

1989b. Liepaina plana Yankauskas and Volkova, 1979; S.E.
Hagenfeldt, pp. 203, 204, pls 2, 3.

1991. Liepaina plana Yankauskas and Volkova, 1979; M.
Moczydłowska, p. 61, pl. 10c–d.

MATERIAL: 10 variably preserved specimens.

DESCRIPTION: Vesicle oval to slightly irregular in
outline. Few to over a dozen (6–19) wide, spoke-like
processes that in most protrude from the central body
into the equatorial plane. Outline of central body sim-
ilar to the shape of the vesicle. Processes wide,
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rounded in distal part and supporting a web-like
membrane. Membrane between neighbouring proces-
ses sometimes connected only in the proximal part of
the processes. Central body of the vesicle clearly de-
fined.

MEASUREMENTS: Length of vesicle: 37–63 µm (av-
erage 52 µm); width of vesicle: 31–45 µm (average 42
µm); length of process: 7–20 (average 12 µm); width
of process: 3–5 (average 4); number of processes: 7–15
(average 12) (n=6).

REMARKS: Two morphotypes are observed in Lie-
paina plana. One, from the Middle Cambrian Kibar-
tai Horizon (Volkova et al. 1983, pl. 20, figs 1–6; Ha-
genfeldt 1989b, pl. 3), is generally larger and has a
higher number of processes and a wider membrane be-
tween the processes. The other morphotype is charac-
terized by smaller dimensions and a significantly
smaller number of processes, in which the membranes
surrounding the processes are not in contact with each
other (Moczydłowska 1991, pl. 10c–d). Both mor-
photypes differ significantly and probably should be
assigned to separate species. In most cases (except the
specimen illustrated in Pl. 8, Fig. 7) the population
studied herein resembles the larger Middle Cambrian
morphotype.

OCCURRENCE: In the study area it is known from the
Middle Cambrian of the Lenarczyce PIG-1 borehole
section. It is also known from the V. dentifera–L. plana
Zone (= coeval with the Protolenus Zone) of eastern
Poland (Moczydłowska and Vidal 1986; Moczy-
dłowska 1991); Middle Cambrian Kibartai Horizon in
Latvia, Lithuania and north-west Russia (Volkova et al.
1979, 1983); Lower Cambrian Holmia C Zone of Nor-
way (Moczydłowska and Vidal 1986); A. oelandicus
Beds in south-central Sweden and western Finland (Ha-
genfeldt 1989a, b).

Genus Skiagia Downie, 1982

TYPE SPECIES: Skiagia scotica Downie, 1982.

Skiagia insignis (Fridrichsone) Downie, 1982
(Pl. 8, Figs 12–16)

1971. Hystrichosphaeridium? insigne; A.I. Fridrichsone, pp.
14–16, pl. 2, figs 10–22.

1974. Baltisphaeridium insigne (Fridrichsone) comb. nov.;
N.A. Volkova, p. 195, pl. 21, figs 5–7.

1982. Skiagia insigne (Fridrichsone) comb. nov.; C. Downie,
pp. 263, 264, fig. 5.

1989a. Skiagia insigne (Fridrichsone) Downie, 1982; S.E.
Hagenfeldt, pp. 116–118, pl. 5, figs 3, 4.

1990. Skiagia insignis (Fridrichsone) Downie, 1982; R.A.
Fensome et al., p. 453 (corrected spelling of species
name).

MATERIAL: 6 variably preserved specimens.

DESCRIPTION: Vesicle sub-circular, wrinkled due to
compression. Vesicle wall thick with slightly granulate
surface, bearing 3–11 short processes each with wide
base and widened tips and narrower in central part. A
plug probably present in this narrow part. Communica-
tion between vesicle and internal part of process closed
but processes open in their distal parts. Surface of
process smooth, sometimes slightly rough. Opening
structure not present.

MEASUREMENTS. Length of vesicle: 25–30 µm
(average 27 µm); width of vesicle: 20–25 µm (average
22 µm); length of process: 3–7 µm (average 5 µm);
width of process in external part: 4–9 µm (average 6
µm); number of processes: 3–11 (average 7 µm) (n=5).

REMARKS: Due to the characteristic shape of the
processes, which is distinctly different from those in
other species of Skiagia, and their much smaller num-
ber, this form might eventually be established as a sepa-
rate genus. Among the specimens studied, two mor-
photypes can be distinguished; the first has rare but
very wide processes (Pl. 8, Figs 12, 14, 15), whereas
the second has a distinctly higher number of processes
that are narrower and shorter (Pl. 8, Figs 13, 16). Such
observations were already reported by Hagenfeldt
(1989a). The two morphotypes may belong to two
separate species.

OCCURRENCE: In the study area it is known from the
Middle Cambrian of the Lenarczyce PIG-1 borehole
section. It is also known from the Vergale, Rausve and
Kibartai horizons in Latvia, Lithuania, Estonia and east-
ern Poland (Volkova et al. 1983), and the Lower and
Middle Cambrian (A. oelandicus Superzone) of Scan-
dinavia (Hagenfeldt 1989a).

Genus Volkovia Downie, 1982

TYPE SPECIES: Volkovia dentifera (Volkova, 1969)
comb. nov. Downie, 1982 [= Deunffia dentifera
Volkova, 1969].

Volkovia dentifera (Volkova) Downie, 1982
(Pl. 6, Figs 31–48; Pl. 7, Fig. 28)



1969. Deunffia dentifera sp. nov.; N.A. Volkova, p. 234, pl.
50, figs 29–31.

1979. Deunffia dentifera Volkova, 1969; N.A. Volkova et
al., p. 23, pl. 10, figs 1–3.

1982. Volkovia dentifera (Volkova, 1969) comb. nov.; C.
Downie, pp. 265, 278, fig. 10o–p.

1989a. Volkovia dentifera (Volkova) Downie, 1982; S.E. Ha-
genfeldt, pp. 133, 134, pls 5–12.

1990. Deunffia dentifera Volkova, 1969; C. Eklund, fig. 8j.
1991. Volkovia dentifera (Volkova, 1969) Downie, 1982; M.

Moczydłowska, pp. 71, 72, pl. 9k–k’.

MATERIAL: 83 well-preserved specimens.

DESCRIPTION: Oval to ellipsoidal vesicle with rela-
tively long single process. Process wrinkled, widened in
the proximal part (so that vesicle often continuing
smoothly into the process), and sharply pointed at dis-
tal termination. Circular opening (pylome?) often pres-
ent, located opposite the process; sometimes with few
short spines around the opening. Vesicle thin, granular,
with rare wrinkles. Granules present on surface of both
vesicle and process, sometimes showing regular align-
ment. Spines arranged in brush-like structures, in some
cases occurring near the end of the processes.

MEASUREMENTS: Length of vesicle: 8–18 µm (av-
erage 14.5 µm); width of vesicle: 7–11 µm (average 8.5
µm); length of process: 6–17.5 (average 12 µm) (n=40);
width of opening in the optical plane: 1–6 (average 3.5
µm) (n=21).

REMARKS: V. dentifera is rare in palynological as-
semblages (e.g., Downie 1982; Hagenfeldt 1989a;
Moczydłowska 1991). The form is also very rare in the
HCM assemblages, with the exception of one sample
from the Zaręby 2 borehole core. This rarity may be ex-
plained as artificial, being caused by maceration with-
out a filter. The presence of openings at one end of the
vesicles that was the reason to transfer the species to
Volkovia, are clearly visible in the material studied. In
the HCM material, the length of the processes in rela-
tion to the length of vesicle is shorter by comparison to
other reported specimens with the exception of mate-
rial from Scotland (Downie 1982). V. dentifera is an
index species of the Volkovia–Liepaina Zone (Moczy-
dłowska 1991).

OCCURRENCE: In the study area the species is known
from the Lower Cambrian Protolenus–Issafeniella
Zone of the Kamieniec dam section and the Zaręby 2
borehole section. It is also known from Scotland
(Downie 1982); Lower Cambrian of Sweden (Hagen-

feldt 1989a; Eklund 1990); Lower Cambrian Pro-
tolenus Zone of eastern Poland (Volkova 1969; Volkova
et al. 1979, 1983; Moczydłowska 1991); Lower Cam-
brian Rausve Horizon in Latvia and Ukraine (Volkova
1969; Volkova et al. 1979, 1983; Yankauskas 1982).
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Cobboldites comleyensis (Cobbold, 1931) – Kamieniec
mill: ce [MUZWG ZI/42/098]; Kamieniec dam: ce
[MUZWG ZI/42/093, 128]; Nowa Łagowica: pyg
[MUZWG ZI/29/1188].

Ellipsocephalus hoffi (Schlotheim, 1823) – Sternalice:
pyg [MUZWG ZI/29/3465]; J 1a: com [MUZWG
ZI/29/2324]; cr [MUZWG ZI/29/2307, 2322, 2323,
2325–2327, 2339]; J 7a: cr [MUZWG ZI/29/2338]; Ju-
goszów–Usarzów section: cr [MUZWG ZI/29/2300,
2301, 2304–2306, 2308–2321, 2328–2337, 2340, 2341];
Słowiec Hill: cr [MUZWG ZI/29/2296–2299, 2302,
2303, 2342–2344].

Hamatolenus (Hamatolenus) glabellosus (Orłowski,
1985a) – Kamieniec dam: cr [MUZWG ZI/42/148], pl
[MUZWG ZI/42/129].

Issafeniella orlowinensis (Samsonowicz, 1959a) –
Widełki–Łapigrosz: cr [MUZWG ZI/29/1274–84;
MUZWG ZI/42/044, 052, 063, 150, 152; INGPAN WB
107, 122, 138, 152, 154, 168; INGPAN MP 4, 7, 8, 19,
22, 23]; Brzechów: cr [INGPAN WB 84, 176; for addi-
tional specimens see Żylińska and Masiak 2007];
Konarska Hill: cr [IGPUW B/II/68; INGPAN JS 17, 18].

Issafeniella trifida (Orłowski, 1985a) – Nowa Łagow-
ica: cr [MUZWG ZI/29/1188, 1189, 1192, 1194–1198;
1200, 1204, 1207–1209, 2144, 2145, 2148; MUZWG
ZI/42/018], pl [MUZWG ZI/29/1902]; Chojnów Dół:
cr [MUZWG ZI/29/1191, 1193, 1199, 1205; AK
200/BC 30], cr + th [MUZWG ZI/29/1190, 1201,
1203, 1206]; Wola Jastrzębska: cr + th [MUZWG
ZI/29/2146].

Kingaspidoides jugoszowi (Orłowski, 1959b) – J 1a: cr
[MUZWG ZI/29/2501, 2502, 2505, 2517, 2518, 2522];
J 3: cr [MUZWG ZI/29/3488]; J 7a: cr [MUZWG
ZI/29/2500, 2503, 2504, 2506–2516, 3506]; Jugoszów–
Usarzów section: cr [MUZWG ZI/29/2227, 2519–2521,
2523–2536].

Kingaspidoides sanctacrucensis (Czarnocki, 1927) –
Chojnów Dół: cr [MUZWG ZI/29/1212–1214]; Widełki–
Łapigrosz: com [MUZWG ZI/29/1213, 1242, 1243,
1257]; cr [MUZWG ZI/29/1215–1219, 1222, 1223,
1225, 1227–1236, 1238–1241, 1244–1256, 1262, 1265–
1273, 1282, 3702; MUZWG ZI/42/020; INGPAN WB
103, 104, 106, 109–112, 114–116, 118, 125–137, 139,
140, 143–151, 153, 155, 156, 198; INGPAN MP 6, 9,
13, 15–18, 20, 22; c. 50 specimens in unnumbered col-
lection, Institute of Geology, University of Warsaw]; lib
[MUZWG ZI/29/1220, 1224, 1258, 1259, 1261;
MUZWG ZI/42/130, 149]; pyg [MUZWG ZI/29/1226;
MUZWG ZI/42/058]; th [MUZWG ZI/1237, 1264]; pl
[MUZWG ZI/29/1221; MUZWG ZI/42/019]; Brzechów:
cr [INGPAN WB 77, 80, 85–87, 91–93, 95, 99; for ad-
ditional specimens see Żylińska and Masiak 2007];
Słowiec Hill: cr [MUZWG ZI/29/3712].

Kingaspidoides sandomiri (Orłowski, 1959b) – Zam-
czysko: cr [MUZWG ZI/29/2422]; Sternalice: cr
[MUZWG ZI/29/2364, 3466]; J 1: cr [MUZWG
ZI/29/2358, 3493, 3501]; J 7: cr [MUZWG
ZI/29/3502]; J 19: cr + th [MUZWG ZI/29/2347,
2378], cr [MUZWG ZI/29/2345, 2347, 2353, 2379–
2387, 2391–2396, 2406, 2407, 2411–2419, 3515], th
[MUZWG ZI/29/2377]; J 20: cr [MUZWG
ZI/29/2354, 2355, 2363, 2365–2371, 2388–2390,
2404, 2405, 2408, 2410]; Jugoszów–Usarzów section:
cr + th [MUZWG ZI/29/2351], cr [MUZWG
ZI/29/2348–2350, 2352, 2356, 2357, 2359–2362,
2372–2376]; Słowiec Hill: cr [MUZWG ZI/29/2397–
2403, 2421, 2424–2427].

Kingaspis guerichi (Orłowski, 1959b) – Zamczysko: cr
[MUZWG ZI/29/1823, 1824, 2005, 2088, 2091, 2096];
Sternalice: cr [MUZWG ZI/29/2428–2432, 2443, 2463,
2464, 2466–2469, 2474–2479, 2493–2497, 3224–3226,
3231, 3233–3235, 3243]; J 1a: cr [MUZWG ZI/29/2452,
2458, 2460, 2462, 2499]; J 1: cr [MUZWG ZI/29/2441,
2465, 2471, 2472, 2491]; J 3: cr [MUZWG ZI/29/2433–
2435, 2438, 2447, 2473, 2492, 3480, 3522]; J 4: cr

Appendix 1

Distribution of trilobites (in alphabetical order) in particular exposures with their repository numbers [MUZWG Mu-
seum of the Faculty of Geology, University of Warsaw (ZI/29/ collection of Stanisław Orłowski; ZI/42/ collection
of Jan Samsonowicz); INGPAN Institute of Geological Sciences, Polish Academy of Sciences (WB collection of
Wiesław Bednarczyk; MP collection of Marian Piwocki; JS collection of Jan Samsonowicz); OS 69 collection of
trilobites from the Zaręby 2 borehole, Holy Cross Branch of the Polish Geological Institute in Kielce; AK collec-
tion of Adrian Kin, Museum of the Geoscience Friends Association “Phacops”, Łódź; IGPUW B/II collection of
AŻ, Institute of Geology, Faculty of Geology, University of Warsaw]. Abbreviations: ce – cephala; cr – cranidia,
pl – pleurae, th – thoraces, pyg – pygidia; lib – librigenae; com – complete specimens; J – Jugoszów. Type speci-
mens are in bold..
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[MUZWG ZI/29/2437]; J 5: cr [MUZWG ZI/29/2440];
J 7a: cr [MUZWG ZI/29/1735, 2436, 2439, 2442, 2444–
2446, 2448–2450, 2456, 2457, 2459, 2461, 3509]; J 19:
cr [MUZWG ZI/29/2409, 2417, 2420, 2480, 2481,
2488, 2490, 2498, 3499, 3520, 3525]; J 20: cr [MUZWG
ZI/29/2482, 2484–2486]; Helenów: cr [MUZWG
ZI/29/3473]; Słowiec Hill: cr [MUZWG ZI/29/2453,
2454].

Latikingaspis samsonowiczi (Orłowski, 1964) – Ster-
nalice: com (without lib) [MUZWG ZI/2240], cr
[MUZWG ZI/29/1624, 1625, 1627, 1634, 1639, 1644,
2241–2245, 2250, 2252, 2253, 2256–2259, 2261–2265,
2267–2269, 2271–2273, 2276–2284, 3446, 3451]; J 1a:
com (without lib) [MUZWG ZI/29/1615, 1616]; cr
[MUZWG ZI/29/3453]; J 1: cr [MUZWG ZI/29/1617,
1619, 1620, 1626, 1629, 1630, 1636, 1641, 1643, 3444;
MUZWG ZI/42/092]; J 3: cr [MUZWG ZI/29/3356]; J
5: cr [MUZWG ZI/29/3384]; J 7: cr [MUZWG
ZI/29/1633]; Jugoszów–Usarzów section: cr [MUZWG
ZI/29/2248, 2341, 2387, 3450, 3454]; Helenów: cr
[MUZWG ZI/29/1618, 1622, 3433–3442]; Słowiec: cr
[MUZWG ZI/29/1648, 2288].

Latoucheia (Latoucheia) longa (Orłowski, 1959b) –
Konarska Hill: cr [MUZWG ZI/29/3214, 3215]; J 1a: cr
[MUZWG ZI/29/2602, 2604, 2605, 2609–2611]; J 1: cr
[MUZWG ZI/29/2606]; J 3: cr [MUZWG ZI/29/2607,
2608, 3500]; J 4: cr [MUZWG ZI/29/3524]; J 7a: cr
[MUZWG ZI/29/2603]; Jugoszów–Usarzów section: cr
[MUZWG ZI/29/2556]; Słowiec Hill: cr [MUZWG
ZI/29/2612, 2613].

Myopsolenites kielcensis (Bednarczyk, 1970) –
Brzechów: cr and pyg [see Żylińska and Masiak 2007].

Ornamentaspis henningsmoeni (Orłowski, 1964) –
Zamczysko: cr [MUZWG ZI/29/1798, 1820–1826];
Sternalice: cr [MUZWG ZI/1797, 1799, 1808–1817]; J
1: cr [MUZWG ZI/29/1792–1796, 1800–1803, 1805–
1807]; J 3: com [MUZWG ZI/29/1791]; th [MUZWG
ZI/29/1804]; J 7: cr [MUZWG ZI/29/3529]; Słowiec
Hill: cr [MUZWG ZI/29/1818, 1819].

Ornamentaspis hupei (Orłowski, 1964) – Zamczysko:
cr [MUZWG ZI/29/1680]; Konarska Hill: cr [MUZWG
ZI/29/3213, 3216]; J 1a: cr [MUZWG ZI/29/1650, 1653,
1658, 1660, 1667, 1669, 1672, 1675, 1676]; J 1: cr
[MUZWG ZI/29/1678]; J 3: cr [MUZWG ZI/29/1652,
1655, 1656, 1679]; J 4: cr [MUZWG ZI/29/1668]; J 7a:
cr [MUZWG ZI/29/1664, 1666, 1671, 1677]; J 19: cr +
lib + th [MUZWG ZI/29/1663, 2346]; cr [MUZWG
ZI/29/1662, 1665, 1670, 3460]; J 20: cr [MUZWG

ZI/29/1651, 1657, 1673, 1674]; Słowiec Hill: cr
[MUZWG ZI/29/2235].

Ornamentaspis opatowi (Orłowski, 1985b) – Zam-
czysko: cr [MUZWG ZI/29/1789, 2006, 2042, 2045];
Sternalice: cr [MUZWG ZI/29/1645, 1647, 1718, 1770,
1771, 1774–1780, 2217, 2246, 2251, 2254, 2255, 2260,
2266, 2270, 2274, 2275, 3240, 3447, 3449, 3452, 3457];
J 1a: cr [MUZWG ZI/29/1623, 1646, 1694, 1707, 1710,
1712, 1719, 1721–1723, 1725, 1728, 1730, 1733, 1745,
1748, 1750, 1751, 1756, 1757], cr + lib [MUZWG
ZI/29/1727]; J 1: cr [MUZWG ZI/29/1621, 1628, 1631,
1632, 1635, 1637, 1638, 1640–1642, 1709, 1711, 1713–
1715, 1717, 1720, 1729, 1732, 1734, 1787, 3445, 3455,
3456; MUZWG ZI/42/099]; J 3: cr [MUZWG
ZI/29/1724, 1731, 1747, 1752, 1755, 1758, 1760, 1769,
1772, 1773, 1785, 1786, 1788]; J 4: cr [MUZWG
ZI/29/1726, 1746, 1759, 1761, 1762, 1764, 1765, 1781–
1784, 3458, 3459]; J 7: cr [MUZWG ZI/29/1742]; J 7a:
cr [MUZWG ZI/29/1659, 1736–1741, 1743, 1744,
1749, 1753, 1754]; J 20: cr [MUZWG ZI/29/1661,
1654]; Jugoszów–Usarzów section: cr [MUZWG
ZI/29/1708, 1763, 2201, 2206–2216, 2247, 2249, 2285,
2286, 3448]; Słowiec Hill: cr [MUZWG ZI/29/1649,
1766–1768, 1790, 2199, 2200, 2202–2205, 2218, 2223].

Ornamentaspis puschi (Orłowski, 1959b) – Zamczysko:
cr [MUZWG ZI/29/2001–2054, 2057–2060, 2062–
2090, 2092–2095, 2097]; Sternalice: cr [MUZWG
ZI/29/2231, 2470, 2543–2549, 2593–2601, 3219, 3221,
3228, 3230, 3242, 3461, 3463]; J 3: cr [MUZWG
ZI/29/2555, 3344, 3356, 3469, 3474, 3476, 3489, 3494];
th [MUZWG ZI/29/2537]; J 4: cr [MUZWG
ZI/29/2578, 3495]; J 7: cr [MUZWG ZI/29/2451]; J 7a:
cr [MUZWG ZI/29/3513]; J 19: cr [MUZWG ZI/2489,
2570, 3498]; Jugoszów–Usarzów section: cr [MUZWG
ZI/29/2538–2542, 2550–2554, 2556–2569, 2571–2577,
2579–2592]; Helenów: cr [MUZWG ZI/29/3467,
3468]; Słowiec Hill: cr [MUZWG ZI/29/2204, 2289–
2292, 2294, 2295, 2423], py [MUZWG ZI/29/2293].

Orodes usarzowi (Orłowski, 1985b) – Zamczysko: cr
[MUZWG ZI/29/2041, 2042, 2044]; Sternalice: cr
[MUZWG ZI/29/2231, 3227]; J 1a: cr [MUZWG
ZI/29/1681–1683, 1685–1689, 1694, 1695, 1697–1699,
1701–1703, 1705, 1716]; J 1: cr [MUZWG ZI/42/091];
J 3: cr + lib [MUZWG ZI/29/1684]; J 4: cr [MUZWG
ZI/29/1691, 1704, 2455]; J 7: cr [MUZWG ZI/29/1692];
J 7a: cr [MUZWG ZI/29/1690, 1693, 1700, 1735]; J 20:
cr [MUZWG ZI/29/2483, 2487]; Jugoszów–Usarzów
section: cr [MUZWG ZI/29/1696, 1706, 2224–2226,
2228–2230, 2238, 2239]; Słowiec Hill: cr [MUZWG
ZI/29/2219–2222, 2232–2237].
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Palaeolenus medius (Bednarczyk, 1970) – Brzechów:
cr [INGPAN WB 82, 83; for additional specimens see
Żylińska and Masiak 2007].

Paradoxides (Acadoparadoxides) czarnockii (Orłowski,
1959a) – Sternalice: cr [MUZWG ZI/29/3212, 3310].

Paradoxides (Acadoparadoxides) cf. mureroensis
(Sdzuy, 1958) – Brzechów: cr [see Żylińska and Masiak
2007]; Sternalice: cr [MUZWG ZI/29/3254, 3311]; J 1a:
cr [MUZWG ZI/29/3387]; J 1: cr [MUZWG
ZI/29/3428].

Paradoxides (Acadoparadoxides) oelandicus Sjögren,
1872 – Brzechów: cr [INGPAN WB100; for additional
specimens see Żylińska and Masiak 2007]; Sternalice:
cr [MUZWG ZI/29/3220, 3244, 3248–3250, 3252,
3253, 3255–3258, 3260–3262, 3280, 3285, 3287–3289,
3292–3294, 3297, 3298, 3301, 3303, 3305, 3307, 3308,
3316–3318, 3323, 3325, 3326, 3328, 3334, 3338,
3340], lib [MUZWG ZI/29/3251, 3290, 3329], hyp
[MUZWG ZI/29/3321]; J 1a: cr [MUZWG ZI/29/3372,
3375, 3397, 3406, 3416], lib [MUZWG ZI/29/3363,
3367, 3408], hyp [MUZWG ZI/29/3376], th [MUZWG
ZI/29/3411], pl [MUZWG ZI/29/3377, 3388, 3389,
3398, 3399, 3405, 3422, 3426]; J 1: cr [MUZWG
ZI/29/3346, 3357, 3359, 3360, 3419, 3423, 3425;
MUZWG ZI/42/131, 139, 142, 146], hyp [MUZWG
ZI/29/3354, 3355, 3410; MUZWG ZI/42/143]; J 3: cr
[MUZWG ZI/29/3343]; J 4: pl [MUZWG ZI/29/3390];
J 5: lib [MUZWG ZI/29/3384]; J 7: lib [MUZWG
ZI/29/3373]; J 7a: cr [MUZWG ZI/29/3370]; J 10: lib
[MUZWG ZI/29/3401]; Helenów: cr [MUZWG
ZI/42/133].

Paradoxides (Eccaparadoxides) insularis Westergård,
1936 – Sternalice: cr [MUZWG ZI/29/3259, 3263,
3299, 3300, 3309, 3312, 3315, 3320, 3324, 3331, 3333];
hy [MUZWG ZI/29/3302, 3306, 3332, 3336, 3337,
3339]; J 1a: cr [MUZWG ZI/29/3211, 3369, 3421]; J 1:
cr [MUZWG ZI/29/3349, 3353, 3415; MUZWG
ZI/42/138].

Paradoxides (Eccaparadoxides) pinus Westergård, 1936
– J 3: cr [MUZWG ZI/29/3210, 3222, 3348, 3350]; J 4:
cr [MUZWG ZI/29/3378], hyp [MUZWG ZI/29/3378];
J 14: hyp [MUZWG ZI/29/3374]; J 18: cr [MUZWG
ZI/29/3392]; J 19: cr [MUZWG ZI/29/3273]; J 20: hyp

[MUZWG ZI/29/3269, 3271]; pl [MUZWG
ZI/29/3270].

Paradoxides (Eccaparadoxides) torelli Westergård,
1936 – J 1a: lib [MUZWG ZI/29/3385], pl [MUZWG
ZI/29/3409]; J 1: cr [MUZWG ZI/29/3414]; lib
[MUZWG ZI/29/3412, 3424]; J 3: cr [MUZWG
ZI/29/3341], pl [MUZWG ZI/29/3351].

Paradoxides kozlowskii Orłowski, 1959a – Sternalice:
pyg [MUZWG ZI/29/3286, 3304, 3319, 3322, 3335]; J
1a: pyg [MUZWG ZI/29/3395]; J 1: pyg [MUZWG
ZI/29/3217]; J 4: pyg [MUZWG ZI/29/3383]; J 17: pyg
[MUZWG ZI/29/3379]; J 19: pyg [MUZWG
ZI/29/3266]; J 20: pyg [MUZWG ZI/29/3272]; He-
lenów: pyg [MUZWG ZI/29/3413].

Paradoxides samsonowiczi Orłowski, 1959a – Sternal-
ice: pyg [MUZWG ZI/29/3245–3247, 3281, 3313]; J 1:
pyg [MUZWG ZI/29/3218].

Protolenus (Hupeolenus) czarnockii Orłowski and Bed-
narczyk in Bednarczyk et al., 1965 – Zaręby 2 borehole
(1336.5–1337.0 m): com [OS 69/6, 69/7], cr [OS 69/2,
69/3, 69/9], lib [OS 69/2, 69/3].

Protolenus (Protolenus) expectans Orłowski, 1985a –
Nowa Łagowica: com [MUZWG ZI/29/2131]; cr
[MUZWG ZI/29/1204, 2133, 2135, 2136, 2137–2141,
2143]; Wola Jastrzębska: com [MUZWG ZI/29/2132];
lib [MUZWG ZI/29/2134].

Protolenus (Protolenus) polonicus Orłowski, 1964 –
Sternalice: cr [MUZWG ZI/29/3209, 3534–3537, 3541,
3549; MUZWG ZI/42/132]; J 1: cr [MUZWG
ZI/29/3530–3533, 3540, 3542–3547; MUZWG
ZI/42/140, 144]; Jugoszów–Usarzów section: cr
[MUZWG ZI/29/3538, 3539, 3548, 3550].

Serrodiscus primarius Orłowski, 1985a – Kamieniec
dam: com [MUZWG ZI/42/151]; ce [MUZWG
ZI/29/2147–2150, 2153; MUZWG ZI/42/097, 104], pyg
[MUZWG ZI/29/2151, 2152, 2154, 2155; MUZWG
ZI/42/105].

Strettonia cobboldi Orłowski and Bednarczyk in Bed-
narczyk et al., 1965 – Zaręby 2 borehole (1336.5–
1337.0 m): cr [OS 69/1–69/5; 69/10].
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PLATE 1

Trilobite assemblage 1a, Lower Cambrian Protolenus–Issafeniella Zone,
Kamieniec Formation

1 – Issafeniella trifida (Orłowski, 1985a), cranidium with thorax, MUZWG ZI/29/2146,
from Wola Jastrzębska

2 – Hamatolenus (Hamatolenus) glabellosus (Orłowski, 1985a), holotype cranidium,
MUZWG ZI/42/148, from Kamieniec dam, original of Samsonowicz (1962, pl. 3,
fig. 10, 10a)

5 – Protolenus (Protolenus) expectans Orłowski, 1985a, cranidum with thorax, MUZWG
ZI/29/2131, from Nowa Łagowica

8 – Cobboldites comleyensis (Cobbold, 1910), cephalon, MUZWG ZI/42/128, from
Kamieniec dam, original of Samsonowicz (1962, fig. 8)

9 – Serrodiscus primarius Orłowski, 1985a, holotype, MUZWG ZI/42/151, from Kamie-
niec dam, original of Samsonowicz (1962, fig. 6) and Orłowski (1985a, pl. 3, fig. 1)

Trilobite assemblage 1b, Lower Cambrian Protolenus–Issafeniella Zone,
Kamieniec Formation (Zaręby 2 borehole, 1336.5–1337.0 m)

3-4 – Protolenus (Hupeolenus) czarnockii Orłowski and Bednarczyk, 1965, 3 – holotype
cranidium, OS-69/3, original of Bednarczyk et al. (1965, figs 1, 2); 4 – cranidium, OS-
69/2

6-7 – Strettonia cobboldi Orłowski and Bednarczyk, 1965, 6 – cranidium, OS 69/3, origi-
nal of Bednarczyk et al. (1965, fig. 9); 7 – cranidium, OS 69/5

Scale bar equals 0.5 cm
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PLATE 2

Trilobite assemblage 2a, Lower Cambrian Protolenus–Issafeniella Zone,
Ociesęki Formation

1, 3 – Issafeniella orlowinensis (Samsonowicz, 1959a) from Widełki–Łapigrosz, 1 –
cranidium, MUZWG ZI/29/1279; 3 – neotype cranidium, MUZWG ZI/42/150,
original of Samsonowicz (1959b, pl. 1, fig. 14)

2, 4-5 – Kingaspidoides sanctacrucensis (Czarnocki, 1927), 2 – cranidium, MUZWG
ZI/29/1213, from Widełki–Łapigrosz; 4 – cranidium, MUZWG ZI/29/1217, from
Widełki–Łapigrosz; 5 – cranidium, MUZWG ZI/29/1212, from Chojnów Dół

Trilobite assemblage 2b, Middle Cambrian Acadoparadoxides oelandicus
Superzone, Ociesęki Formation (Zamczysko)

6 – Orodes usarzowi (Orłowski, 1985b), cranidium, MUZWG ZI/29/2044
7-8 – Ornamentaspis puschi (Orłowski, 1959b), 7 – cranidium, MUZWG ZI/29/2062;

8 – cranidium, MUZWG ZI/29/2050

Scale bar equals 0.5 cm
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PLATE 3

Trilobite assemblage 3b, Middle Cambrian Eccaparadoxides insularis Zone,
Słowiec Formation from Konarska Hill

1-2 – Ornamentaspis hupei (Orłowski, 1964), 1 – cranidium, MUZWG ZI/29/3213; origi-
nal of Orłowski (1971, pl. 1, fig. 1); 2 – two cranidia, MUZWG ZI/29/3216; origi-
nal of Orłowski (1971, pl. 1, fig. 2)

3, 5 – Latoucheia (Latoucheia) longa (Orłowski, 1959b), 3 – cranidium, MUZWG
ZI/29/3214; original of Orłowski (1971, pl. 1, fig. 6); 5 – cranidium, MUZWG
ZI/29/3215; original of Orłowski (1971, pl. 1, fig. 5)

4 – Issafeniella cf. orlowinensis (Samsonowicz, 1959a), cranidium, IGPUW B/II/68

Trilobite assemblage 4a, from the Eccaparadoxides insularis Zone, and assem-
blage 4b, from the Ptychagnostus praecurrens Zone; Usarzów Formation

6-8 – Ornamentaspis opatowi (Orłowski, 1985b), 6 – holotype cranidium, MUZWG
ZI/29/1707, from Jugoszów 1a, E. insularis Zone; original of Orłowski (1964, pl.
7, fig. 2a–b) and Orłowski (1985b, pl. 4, fig. 12); 7 – cranidium, MUZWG
ZI/29/1750, from Jugoszów 1a, E. insularis Zone; 8 – cranidium, MUZWG
ZI/29/1754, from Jugoszów 7a, P. praecurrens Zone

9-10 – Kingaspis guerichi (Orłowski, 1959b), 9 – cranidium, MUZWG ZI/29/2451, from
Jugoszów 7, P. praecurrens Zone; original of Orłowski (1964, pl. 4, fig. 8); 10 –
holotype cranidium, MUZWG ZI/29/2432, from Sternalice, E. insularis Zone; origi-
nal of Orłowski (1959b, pl. 1, fig. 6)

Scale bar equals 0.5 cm
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PLATE 4

Trilobite assemblages from the Usarzów Formation, assemblage 4a from the
Eccaparadoxides insularis Zone and assemblage 4b from the Ptychagnostus

praecurrens Zone

1-2 – Kingaspidoides sandomiri (Orłowski, 1959b), P. praecurrens Zone, 1 – holotype
cranidium, MUZWG ZI/29/2353, from Jugoszów 19; original of Orłowski (1959b,
pl. 2, fig. 2a–c); 2 – cranidium, MUZWG ZI/29/2407, from Jugoszów 19

3 – Kingaspidoides jugoszowi (Orłowski, 1959b), holotype cranidium, MUZWG
ZI/29/2522, from Jugoszów 1a, E. insularis Zone; original of Orłowski (1959b, pl. 2,
fig. 6a–c)

4-6 – Ornamentaspis hupei (Orłowski, 1964), 4 – cranidium, MUZWG ZI/29/1669, from
Jugoszów 1a, E. insularis Zone; 5 – cranidium, MUZWG ZI/29/1673, from Jugoszów
20, P. praecurrens Zone; original of Orłowski (1964, pl. 9, fig. 11); 6 – cranidium,
MUZWG ZI/29/1650, from Jugoszów 1a, E. insularis Zone

7 – Paradoxides (Acadoparadoxides) oelandicus (Sjögren, 1872), cranidium, MUZWG
ZI/42/133, from Sternalice, E. insularis Zone

8 – Paradoxides (Eccaparadoxides) insularis Westergård, 1936, cranidium, MUZWG
ZI/29/3211, from Jugoszów 1a, E. insularis Zone; original of Orłowski (1959a, pl. 2,
fig. 2)

9 – Paradoxides (Eccaparadoxides) pinus Westergård, 1936, cranidium, MUZWG
ZI/29/3210, from Jugoszów 3, P. praecurrens Zone; original of Orłowski (1964, pl.
2, fig. 2)

10 – Paradoxides (Acadoparadoxides) czarnockii Orłowski, 1959a, holotype cranidium,
MUZWG ZI/29/3212, from Sternalice, E. insularis Zone; original of Orłowski
(1959a, pl. 2, fig. 4a–b)

Scale bar equals 0.5 cm
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PLATE 5

Trilobite assemblages from the Usarzów Formation, assemblage 4a from the
Eccaparadoxides insularis Zone and assemblage 4b from the Ptychagnostus

praecurrens Zone

1-2 – Ornamentaspis henningsmoeni (Orłowski, 1964), from Jugoszów 1, E. insu-
laris Zone, 1 – cranidium, MUZWG ZI/29/1792; original of Orłowski (1964,
pl. 10, fig. 5); 2 – cranidium, MUZWG ZI/29/1803; original of Orłowski (1964,
pl. 10, fig. 8)

3-5 – Ellipsocephalus hoffi (Schlotheim, 1823), 3 – cranidium with thorax, MUZWG
ZI/29/2324, from Jugoszów 1a, E. insularis Zone; original of Orłowski (1959b,
pl. 1, fig. 1a–b); 4 – cranidium, MUZWG ZI/29/2306, from Jugoszów 7a, P.
praecurrens Zone; 5 – cranidium, MUZWG ZI/29/2307, from Jugoszów 1a, E.
insularis Zone; original of Orłowski (1985b, pl. 1, fig. 4)

6-8 – Orodes usarzowi (Orłowski, 1985b), 6 – holotype cranidium, MUZWG
ZI/29/1681, from Jugoszów 1a, E. insularis Zone; original of Orłowski (1964,
pl. 8, fig. 9a–b) and Orłowski (1985b, pl. 4, fig. 1a–b); 7 – incomplete crani-
dium with librigena, MUZWG ZI/29/1684, from Jugoszów 3, P. praecurrens
Zone; original of Orłowski (1964, pl. 9, fig. 5) and Orłowski (1985b, pl. 4, fig.
2); 8 – cranidium, MUZWG ZI/29/1691, from Jugoszów 4, P. praecurrens
Zone; original of Orłowski (1964, pl. 9, fig. 3) and Orłowski (1985b, pl. 3, fig.
5)

9, 12 – Protolenus (Protolenus) polonicus Orłowski, 1964, from Sternalice, E. insularis
Zone, 9 – holotype cranidium, MUZWG ZI/29/3209; original of Orłowski
(1964, pl. 11, fig. 1); 12 – crandium, MUZWG ZI/42/132

10-11, 13 – Latikingaspis samsonowiczi (Orłowski, 1964), from the E. insularis Zone, 10
– cranidium, MUZWG ZI/29/2281, from Sternalice; original of Orłowski
(1964, pl. 11, fig. 3); 11 – holotype cranidium with thorax, MUZWG
ZI/29/1615, from Jugoszów 1; original of Orłowski (1964, pl. 6, fig. 1); 13 –
cranidium, MUZWG ZI/29/1627, from Sternalice; original of Orłowski
(1985b, pl. 3, fig. 7)

Scale bar equals 0.5 cm
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PLATE 6

Acritarch assemblage 1a, Kamieniec Formation, from the Zaręby 2 borehole
(depth 1290.0 m unless otherwise stated)

1 – ?Celtiberium papillatum Moczydłowska, 1998, 1278 A54-1 (1256.5 m)
2 – Celtiberium cf. dedalinum Fombella, 1978, 1279A M28-1
3 – Celtiberium dedalinum Fombella, 1978, 1279A F26-2

4-5 – Polygonium varium (Volkova) Moczydłowska, 1998, D – 1279A B27-2; E –
1279A F48-3

6-7 – ?Archaeodiscina sp., F – 1279A C37-2; G – 1279A H33-3
8, 14, 17 – Granomarginata cf. squamacea Volkova, 1968, H – 1279A F44-3; N – 1279A

S34-1; Q – 1279A P48-2
9-10 – Cymatiosphaera sp., 9 – 1279A H34-3; 10 – 4921 N47-3 (1367.5 m)

11 – ?Liepaina sp., 1279A P27-4
12 – ?Comasphaeridium sp., 1279A P26-2
13 – Aranidium sp., 1279A Z44-1
15 – Leiosphaeridia sp., 1279A Z50-4
16 – Pterospermella solida (Volkova) Volkova in Volkova et al., 1979, 1279A P40
18 – Granomarginata squamacea Volkova, 1968, 1279A W30-1

19-20 – Eliasum sp., 19 – 1278 C24 (1256.5 m); 20 – 1279A N43
21 – Lophosphaeridium truncatum Volkova, 1969, 1279A T32-2
22 – Heliosphaeridium cf. longum (Moczydłowska) Moczydłowska, 1991, 1279A

K54
23 – Heliosphaeridium cf. notatum (Volkova) Moczydłowska, 1991, 1279A H35
24 – Heliosphaeridium cf. coniferum (Downie) Moczydłowska, 1991, 1279A H49
25 – Asteridium sp., 1279A J53-2
26 – Comasphaeridium sp., 1279A J29-2
27 – Aliumella baltica Vanderflit in Umnova and Vanderflit, 1971, 1279A H49-2
28 – Lophosphaeridium variabile Volkova, 1974, 4921 L31 (1367.0 m)
29 – gen. et sp. indet., 1279 O36
30 – Lophosphaeridium tentativum Volkova, 1968, 1279AA28

31-48 – Volkovia dentifera (Volkova) Downie, 1982, 31 – 1279A B29; 32 – 1279A B27-
1; 33 – 1279A C28-4; 34 – 1279A C41-4; 35 – 1279A D28-4; 36 – 1279A D32;
37 – 1279A D32-2; 38 – 1279A E33-2; 39 – 1279A K52-4; 40 – 1279A D38-
1; 41 – 1279A D57-1; 42 – 1279A C43-4; 43 – 1279A E30-3; 44 – 1279A E58-
1; 45 – 1279A F28-2; 46 – 1279A F29-1; 47 – 1279A K52; 48 – 1279A L38-2

Symbols refer to number of slide and location of specimen according to England Finder.
Scale bar equals 10 µm
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PLATE 7

Acritarch assemblage 1b, Kamieniec Formation, from Kamieniec dam

1-2 – Skiagia ciliosa (Volkova) Downie, 1982, 1 – 4984 A40-1; 2 – 4984 Q45-4
3-4 – Skiagia cf. ciliosa (Volkova) Downie, 1982, 3 – 4984 X45-2; 4 – 4984 N28-2
5-6 – transition between S. ciliosa and S. brevispinosa,. 5 – 4984 O49-3; 6 – 4984

B31-2
7-9 – Skiagia brevispinosa Downie, 1982, 7 – 4984 F38-3; 8 – 4984 B49-3; 9 –

4984 M27-2
10 – Skiagia cf. compressa (Volkova) Downie, 1982, 5072 L50-2
11 – Skiagia compressa (Volkova) Downie, 1982, 5072 J35

12-13 – Lophosphaeridium truncatum Volkova, 1969, 12 – 5072 O35-3; 13 – 5072
T41

14-15 – Lophosphaeridium tentativum Volkova, 1968, 14 – 5072 U40; 15 – 4984 N45
16 – Aranidium sp., 4984 X46
17 – Pterospermella cf. vitalis Yankauskas in Volkova et al., 1979, 4984 M43-1
18 – Pterospermella cf. velata Moczydłowska, 1988, 4984 P41-2
19 – Pterospermella solida (Volkova) Volkova in Volkova et al., 1979, 4984 O51

20, 22-23 – Granomarginata squamacea Volkova, 1968, T – 4984 V47-2; V – 4984 J32;
W – 4984 P31

21 – gen. et sp. indet., 5072 Q41-3
24 – Granomarginata cf. squamacea Volkova, 1968, 5072 V41
25 – Polygonium varium (Volkova) Moczydłowska, 1998, 4984 N40-4
26 – Cymatiosphaera gotlandica Hagenfeldt, 1989a, 4984 N31-4
27 – Cymatiosphaera cf. gotlandica Hagenfeldt, 1989a, 4984 J38-1
28 – Volkovia dentifera (Volkova) Downie, 1982, 4984 J43
29 – Volkovia cf. dentifera (Volkova) Downie, 1982, 4984 Y35-2
30 – Leiosphaeridia sp., 4984 Z38-4

31-33 – Leiovalia tenera Kiryanov, 1974, 31 – 5072 H43-3; 32 – 4984 A35-2; 33 –
4984 O38-2

34 – Eliasum cf. asturicum Fombella, 1977, 4984 J28-2
35 – Eliasum llaniscum Fombella, 1977, 4984 M29-2
36 – Eliasum cf. llaniscum Fombella, 1977, 4984 A46-2
37 – ?Eliasum sp., 4984 J39-1

Symbols refer to number of slide and location of specimen according to England Finder.
Scale bar equals 10 µm
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PLATE 8

Acritarch assemblage 2, Kobierniki Beds, from the Lenarczyce PIG 1
borehole (depth 138.4 m unless otherwise stated)

1-7 – Liepaina plana Yankauskas and Volkova in Volkova et al., 1979, 1 – 5287 X27;
2 – 5285 A39 (136.2 m); 3 – 5284 M41-2 (132.5 m); 4 – 5285 C27-3 (136.2 m);
5 – 5287A M43-4; 6 – 5287A G35; 7 – 5287B P45-2

8-11 – Adara alea Martin in Martin and Dean, 1981, 8 – 5287C J44; 9 – 5287B Q31-2;
10 – 5287B D27-4; 11 – 5287B M43

12-16 – Skiagia insignis (Fridrichsone) Downie, 1982, 12 – 5285 P45-4 (136.2 m); 13 –
5285 U39 (136.2 m); 14 – 5285 O37-3 (136.2 m); 15 – 5287C A43-1; 16 – 5287A
E48-4

17-18 – Comasphaeridium silesiense Moczydłowska, 1998, 17 – 5284 K35-3 (132.5 m);
18 – 5287B O42-3

19 – Pterospermella vitalis Yankauskas in Volkova et al., 1979, 5287 W32-3
20 – Comasphaeridium cf. strigosum (Yankauskas) Downie, 1982, 5287A L37-3

21-23 – Comasphaeridium sp., 21 – 5285 Q33-4 (136.2 m); 22 – 5284 W42-1 (132.5 m);
23 – 5285 Q45-3 (136.2 m)

24-25 – Granomarginata cf. squamacea Volkova, 1968, 24 – 5287C J39-2; 25 – 5287C
U46

26 – Aliumella baltica Vanderflit in Umnova and Vanderflit, 1971, 5287DD U41-2
27, 31 – Eliasum sp., 27 – 5287A F33-2; 31 – 5285 D24-3 (136.2 m)
28, 33 – Eliasum cf. pisciforme Fombella, 1977, 28 – 5285 G41 (136.2 m); 33 – 5284 W44-

4 (132.5 m)
29-30 – Eliasum cf. llaniscum Fombella, 1977, 29 – 5285 C36-3 (136.2 m); 30 – 5285

Q36-3 (136.2 m)
31 – Eliasum sp., 5285 D24-3 (136.2 m)
32 – Leiovalia tenera Kiryanov, 1974, 5284 X40 (132.5 m)
34 – Eliasum cf. asturicum Fombella, 1977, 5287A O42-3
35 – Polygonium sp., 5287DD S37
36 – Polygonium varium (Volkova) Moczydłowska, 1998, 5285 U47-2 (136.2 m)

37-38 – Solisphaeridium sp., 37 – 5287C D46; 38 – 5287DD M44-2
39, 41 – Celtiberium sp., 39 – 5284 W42-2 (132.5 m); 41 – 5287B Y39-1

40 – Adara cf. matutina Fombella, 1979, 5284 J32-1 (132.5 m)
42 – ?Adara sp., 5287DD N36-4

Symbols refer to number of slide and location of specimen according to England Finder.
Scale bar equals 10 µm
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PLATE 9

Acritarch assemblage 2, Kobierniki Beds, from the Lenarczyce PIG 1
borehole (depth 138.4 unless otherwise stated)

1 – Skiagia ciliosa (Volkova) Downie, 1982, 5284 C44-4 (132.5 m)
2-4 – Skiagia cf. ciliosa (Volkova) Downie, 1982, 2 – 5284 C48-3 (132.5 m); 3 –

5284 Y48 (132.5 m); 4 – 5284 Q38-3 (132.5 m)
5-6 – Skiagia cf. brevispinosa Downie, 1982, 5 – 5287C E36; 6 – 5284 H26 (132.5 m)

7 – Skiagia brevispinosa Downie, 1982, 5284 W47 (132.5 m)
8-10 – Heliosphaeridium cf. notatum (Volkova) Moczydłowska, 1991, 8 – 5287A

C35; 9 – 5287A J46-2; 10 – 5285 S37-2 (136.2 m)
11-12 – Multiplicisphaeridium xianum Fombella, 1977, 11 – 5287C N41-4; 12 – 5287B

H43.
13 – Cristallinium sp., 5287A W36-4

14-15 – ?Deunffia sp., 14 – 5285 X45 (136.2 m); 15 – 5287A W34-2
16 – Cymatiosphaera sp., 5284 Y41-3 (132.5 m)
17 – Solisphaeridium flexipilosum Slavíková, 1968, 5284 V42-3 (132.5 m)
18 – Polygonium varium (Volkova) Moczydłowska, 1998, 5284 P40 (132.5 m)

19, 21 – Lophosphaeridium variabile Volkova, 1974, 19 – 5285 H33 (136.2 m); 21 –
5287C M33-3

20 – Lophosphaeridium tentativum Volkova, 1968, 5287C L30-2
22 – Lophosphaeridium latviense (Volkova) Moczydłowska, 1998, 5287C X39-2
23 – ?Lophosphaeridium sp., 5287A L40-2

24-25 – Comasphaeridium longispinosum Hagenfeldt, 1989b, 24 – 5285 D45-1 (136.2 m);
25 – 5285 C45-4 (136.2 m)

26 – Celtiberium sp., 5284 F36-3 (132.5 m)

Acritarch assemblage 3, from Brzechów

27-28 – Cristallinium cf. cambriense (Slavíková) Vanguestaine, 1978, 27 – 5374 R39-
4; 28 – 5374 R34-3

29-30 – Retisphaeridium sp., 29 – 5375 B31-4; 30 – 5381 L30-3
31, 33-34 – Leiosphaeridia sp., 31 – 5374 J41-4; 33 – 5374 L42-1; 34 – 5374 G39-4

32 – Cymatiosphaera sp., 5374 O37-4
35, 37 – Granomarginata squamacea Volkova, 1968, 35 – 5374 L39-1; 36 – 5382 M40-4

36 – ?Comasphaeridium sp., 5375 V42
38 – Comasphaeridium silesiense Moczydłowska, 1998. 5375 T44-2
39 – Dictyotidium sp., 5382 M34-2
40 – Lophosphaeridium tentativum Volkova, 1968, 5382 N43-3
41 – Lophosphaeridium cf. latviense Volkova (Moczydłowska, 1998), 5382 J42-3

Acritarch assemblage 4, from Jugoszów 20

42-44 – Eliasum sp. A, 42 – 5000 B35-2; 43 – 5000 C40-2; 44 – 5000 P31-1
45 – Cymatiosphaera cf. postae (Yankauskas) Yankauskas in Volkova et al., 1979,

5000 L31-3

Symbols refer to number of slide and location of specimen according to England Finder.
Scale bar equals 10 µm
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PLATE 10

Acritarch assemblage 5, Kobierniki Beds, from the Lenarczyce exposure

1-7 – Cristallinium cambriense (Slavíková) Vanguestaine, 1978, 1 – 5325 M30-3; 2
– 5325 T31; 3 – 5325 H28-1; 4 – 5325 E35-1; 5 – 5325 U40-4; 6 – 5091 O34-
2; 7 – 5091 G30-4

8 – ?Cristallinium sp., 5324 F41-4
9-10, 13 – Retisphaeridium sp., 9 – 5325 N39-3; 10 – 5325 R32-3; 13 – 5324 G29-4

11 – Cristallinium sp., 5091 W34-3
12 – Dictyotidium sp., 5325 V42-3

14, 21, 29 – Leiosphaeridia sp., 14 – 5325 S37; 21 – 5325 M30-3; 28 – 5325 C42-3
15-16 – Cymatiosphaera cf. postae (Yankauskas) Yankauskas in Volkova et al., 1979,

15 – 5091 E50; 16 – 5091 J33
17 – Cymatiosphaera cramerii Slavíková, 1968, 5325 V41-2
18 – Pterospermella sp., 5325 X34
19 – Comasphaeridium silesiense Moczydłowska, 1998, 5325 T40-3
20 – Granomarginata squamacea Volkova, 1968, 5325 U37-4
22 – Cristallinium cf. cambriense (Slavíková) Vanguestaine, 1978, 5325 M39-1

23, 35 – Eliasum sp., 23 – 5325 L49; 35 – 5091 O27-4
24 – Multiplicisphaeridium xianum Fombella, 1977, 5091 X37
25 – Heliosphaeridium sp., 5091 N38-4

26-27 – Lophosphaeridium truncatum Volkova, 1969, 26 – 5325 O44-2; 27 – 5325 L35-2
28 – Lophosphaeridium tentativum Volkova, 1968, 5325 J44
30 – Tasmanites sp., 5325 N35-4

31, 33 – Eliasum llaniscum Fombella, 1977, 31 – 5325 V33; 33 – 5091 M46-2
32, 34 – Eliasum cf. llaniscum Fombella, 1977, 32 – 5091 A29-2; 34 – 5091 A29-2

Symbols refer to number of slide and location of specimen according to England Finder.
Scale bar equals 10 µm
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