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Inter-regional Cambrian correlations are difficult amongst different palaeogeographic provinces, because of a lack of
shared genera and species between different palaeogeographic provinces. The Drumian Stage shows this difficulty because
it was defined by the FAD of the agnostoid Ptychagnostus atavus, which species has not yet been found in the Mediterra-
nean subprovince. Thus it is necessary to establish a correlation between the ISCS scale and the local scale using other
trilobites. New data from the Iberian Chains and a review of previous works suggest that the bases of Pardailhania hispida
and Ptychagnostus atavus zones are approximately equivalent. Therefore Pardailhania hispida FAD could be used to mark
the beginning of the Drumian Stage in the Mediterranean region. This level is easily identifiable in several places:
Montagne Noire (France), Cantabrian Mountains, Demanda Mountains and Iberian Chains (Spain), Sardinia (Italy),
Amanos and Sultan Mountains (Turkey), and, probably, Antiatlas (Morocco). • Key words: trilobites, biostratigraphy,
Cambrian Stage 5 – Drumian boundary, middle Cambrian / Cambrian Series 3, Mediterranean region.
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During recent years the International Subcommission on
Cambrian Stratigraphy (ISCS) has been engaged in defi-
ning new series and stages for the Cambrian System (see
Peng et al. 2009). One of the most important problems fa-
cing inter-regional correlation in the Cambrian is the lack
of genera and species shared between different palaeogeo-
graphic provinces. For example, many of the zonal trilobite
species for Cambrian Series 3 are representatives of the fa-
mily Ptychagnostidae, and the Drumian Stage was defined
by Babcock et al. (2007) at the first occurrence of Ptychag-
nostus atavus, whereas localities in the Mediterranean sub-
province (sensu Sdzuy et al. 1999; Fig. 1) do not yield any
ptychagnostids. Nevertheless, a correlation between the of-
ficial chronostratigraphy ISCS scale and the Mediterra-
nean scale is needed. Therefore this correlation has to be
carried out using polymeroid trilobites. Our aim is to re-
cognize the base of Drumian Stage in the Iberian Chains
(NE Spain).

Hitherto, the base of Ptychagnostus atavus Zone has
been correlated with an undetermined level in the upper
part of the lower Caesaraugustan (Sdzuy 1971, 1972;

Shergold & Geyer 2003). Caesaraugustan biozonation of
the Iberian Peninsula was developed originally by Sdzuy
(1968). However each zone in Caesaraugustan was used
with different criteria (e.g. Acme zones, assemblage zones,
range zones or phylozones, see Álvaro & Vizaïno 1998).
These disagreements as to criteria make any international
correlation difficult. We have worked on the revision of the
Caesaraugustan zones in various sections of the Iberian
Chains (northeast Spain). The new detailed samplings al-
low us to propose interval phylozones throughout the
Caesaraugustan Stage. The sections studied are close to the
villages of Murero, Jarque, Villafeliche, and Purujosa,
which are located about 100 km west and south-west of
Zaragoza, in the Aragonese branch of the Iberian Chains
(Fig. 2). From a geological point of view, these localities
belong to the Badules Unit (see Gozalo & Liñán 1988).

We have studied the trilobites of the transition from
lower to middle Caesaraugustan succesion from the basal
part of the Murero Formation in five sections: Rambla de
Valdemiedes 1 and 2 (RV1 and RV2: Liñán & Gozalo
1986; Gozalo et al. 1996, 2003a; Chirivella Martorell
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2008; Liñán et al. 2008), Jarque 1 (J1: Liñán et al. 1996,
2008, Chirivella Martorell 2008), Villafeliche 1 (Vi1:
Gozalo et al. 1993, 1996; Chirivella Martorell 2008) and
Purujosa 6 (Pur6, unpublished data).
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The classical Spanish middle Cambrian biozonation was
established by Sdzuy (1968, 1971, 1972) and has been used
with minor modifications until now (i.e. Liñán & Gozalo
1986; Sdzuy et al. 1996; Álvaro & Vizcaïno 1998; Liñán et
al. 2002, 2004; Gozalo et al. 2003b, 2008; Esteve et al.
2008; Fig. 3). From a historical point of view the Mediter-

ranean zones that are involved in the base of Drumian
Stage seem to correspond with the Badulesia granieri and
Pardailhania hispida zones (sensu Sdzuy 1968, 1971,
1972). According to Liñán et al. (1993) the boundary be-
tween these zones also marks the lower-middle Caesarau-
gustan boundary.

Sdzuy (1968, 1971, 1972) put the base of Pardailhania
hispida level at the FAD of Pardailhania hispida hispida;
however the older specimens of Pardailhania hispida n.
spp. were recorded together with Badulesia granieri and
Badulesia paschi in the previous level. Therefore the FAD
of Pardailhania hispida lies lower than the former use of
the P. hispida Zone that was used as acme zone by Sdzuy
(1968, 1971, 1972) and considered as an interval zone by
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 	�����!" Distribution of Ptychagnostus
atavus and Pardaihania hispida [plotted on
the McKerrow et al. (1992) palaeogeographic
map]. These two species have not been re-
corded in the same areas, Pardailhania
hispida (Thoral, 1935) is restricted to the
Mediterranean Subprovince in contrast to
Ptychagnostus atavus (Tullberg, 1880) with
a much more widespread distribution.

 	�����#" Geographical and geological set-
ting of the Iberian Chains sections cited in
the text (modified from Gozalo & Liñán
1988). * – localities cited in the text.



Liñán & Gozalo (1986), Álvaro & Vizcaïno (1998) and
others. Nevertheless they did not change the position of the
lower boundary of the P. hispida Zone. The problem has
been that all the researchers until now accepted the facto
Sdzuy’s idea about the existence of two subspecies of
Pardailhania hispida; although Pardailhania hispida n.
spp. never was defined and/or figured (Sdzuy 1971, table 1;
1972, table 2). Currently we accept that Pardailhania
hispida has a wide and continuous morphological variation
within the features of cranidia (Chirivella Martorell 2008,
Esteve et al. 2008) and it is not possible to recognise two
subspecies, as Sdzuy had proposed. Thus, the lower bound-
ary of the Pardailhania hispida interval Zone should be
placed at the P. hispida FAD, slightly below Sdzuy’s origi-
nal definition for the P. hispida Zone (Figs 3, 4). This mod-
ification of the systematic interpretation of P. hispida
makes it necessary to redefine the Badulesia granieri and
Pardailhania hispida zones.
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Synonymy: “Nivel de B. granieri” (part.), sublevel “B. juli-
verti” (Sdzuy 1968). “Nivel de B. juliverti y B. granieri”
(Sdzuy 1971). “Biozona Badulesia granieri + Badulesia
juliverti” (Liñán & Gozalo 1986). “Superbiozone à B. gra-
nieri” (part.) and “phylozone à B. juliverti” (Álvaro & Viz-
caïno 1998). See Fig. 3.

Our proposal is to consider this zone as an interval
phylozone, the base of which coincides with the Badulesia
granieri FAD and the top is the level immediately below
the Pardailhania hispida FAD.

The trilobites recorded in the Iberian Chains in this time
interval (see Chirivella Martorell 2008; Fig. 5) are: Pero-
nopsis acadica, Condylopyge sp., Eccaparadoxides
asturianus, E. sulcatus, E. sequeirosi, E. acadicus
(Fig. 6K, L), Badulesia granieri, B. tenera, Parabailiella
schmidti, P. languedocensis, Bailiella cf. tenuicincta and
Ctenocephalus (Hartella) cf. terranovicus.

So far Badulesia granieri has been recorded in France
(Montagne Noire: Courtessole 1973, Álvaro & Vizcaïno
1998); in Spain (Sdzuy 1961, 1968, 1969; Liñán & Gozalo
1986; Gámez et al. 1991; Gozalo et al. 1993; Liñán et al.
1995) and Morocco (Geyer et al. 1995, Geyer & Landing
2006). Furthermore, it may be possible to recognise
equivalent levels of this zone in Turkey and Italy, where
the index taxa for the previous and/or subsequent zones
have been recognized.
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Synonymy: “Nivel de B. granieri” (part), sublevel “B. pas-
chi” and “Nivel de P. hispida” (Sdzuy 1968). “Nivel de
B. paschi y B. granieri” and “Nivel de P. hispida” (Sdzuy
1971). “Biozona de Badulesia granieri + Badulesia juli-
verti” and biozona “Pardailhania hispida” (Liñán & Go-
zalo 1986). “Superbiozone B. granieri”, “phylozone à

B. paschi” and “phylozone à P. hispida” (Álvaro & Viz-
caïno 1998). See Fig. 3.

We consider the Pardailhania hispida Zone as an inter-
val phylozone, the base of which lies at the FAD of
Pardailhania hispida and the top immediately below the
FAD of Pardailhania multispinosa (see Esteve et al. 2008).
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 	�����$" Sketch showing the main biostratigraphic subdivisions of the level studied in the Middle Cambrian of the Spain and France. B.p.: Badulesia
paschi, g. + p.: granieri + paschi



Our proposal to define the P. hispida Zone as an inter-
val phylozone implies that the levels with Badulesia
paschi (former B. granieri + B. paschi Subzone) that oc-
cur in the top of B. granieri Zone (lower Caesaraugustan)
currently are the base of P. hispida Zone (middle
Caesaraugustan). The P. hispida Zone seems to bear the
highest diversity and relative abundance of trilobites in
the Iberian Chains (see Chirivella Martorell 2008; Fig. 5).
At least eighteen species have been collected in the lower
part: Peronopsis acadica, P. segmenta (Figs 6A–C, 7),
Peronopsella westergardi, Diplagnostus planicauda
(Figs 6G–I, 8), Condylopyge rex (Fig. 6D–F), Pardail-
hania hispida (Fig. 6M), Badulesia granieri, B. paschi,
Eccaparadoxides asturianus, E. sequeirosi, E. acadicus
(Fig. 6K, L), E. rouvillei (Fig. 6J), Parabailiella schmidti,
P. languedocensis, Ctenocephalus (Hartella) antiquus,
Agraulos longicephalus, A. arenosus and Skreiaspis
miqueli. The diversity of agnostids, five species, may in-
dicate a transgressive pulse.

So far Pardailhania hispida has been recorded in
France (Montagne Noire: Thoral 1935, Courtessole 1973,
Álvaro & Vizcaïno 1997), in Spain (Sdzuy 1961, 1968;
Palacios 1982; Liñán & Gozalo 1986), in Italy (Sardinia:
Rasetti 1972, Loi et al. 1995) and in Turkey (Shergold &
Sdzuy 1984; Dean 2005, 2006). In addition, Geyer et al.
(1995) and Geyer & Landing (2006) cited the presence of
the genus Pardailhania in Morocco.
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The classical correlation between Spain and Baltica (Sdzuy
1971, 1972) placed the base of Pardailhania within the To-
magnostus fissus and Ptychagnostus atavus Zone without
further qualification, and slightly above of the Paradoxides
hicksii Zone in Eastern Newfoundland. These correlations
have been followed by later workers (e.g. Shergold & Geyer
2003, Liñán et al. 2002, Gozalo et al. 2008). Recently,
Fletcher (2006, p. 68, 2007) and Elicki & Geyer (2010)
moved this boundary below the previous proposal. They
have considered that the correlation of the base of Ptychag-
nostus atavus Zone would be with a level just below the
base of the Badulesia granieri (see Fletcher 2006, fig. 18)
or with the base of Caesaraugustan (base of Badulesia te-
nera Zone) (see Elicki & Geyer 2010, fig. 1). On the other
hand, the redefinition of the Pardailhania hispida Zone,
the lower boundary of which lies below the old Pardailha-
nia hispida Zone (sensu Sdzuy 1971, 1972). Therefore, it is
likely that the correlation of the base of Pardailhania his-
pida would be roughly equivalent to the base of Tomagnos-
tus fissus and Ptychagnostus atavus Zone. This roughly
corresponds to the base of Drumian Stage.

The available data reinforce this correlation. Although
many of trilobite species are endemic to the Mediterranean
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 	�����%" Middle Cambrian chronostratigraphic units for the Mediterranean Subprovince (modified from Liñán et al. 2002) and the correlation with the
Cambrian Stages and Series proposed by ISCS, with a subdivision into sequences and systems tracts (from Gámez et al. 2009). Abbreviations:
HST – highstand system tract; LST – lowstand system tract; TST – transgressive system tract.
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region (e.g. Badulesia granieri, Badulesia paschi,
Pardailhania hispida, Eccaparadoxides sequeirosi, Para-
bailiella languedocensis, etc.), there are some species that
have been recorded also in other palaeogeographic regions:
Eccaparadoxides acadicus, Agraulos longicephalus,
Diplagnostus planicauda, Peronopsis segmenta and Con-
dylopyge rex. We discuss the biostratigraphical informa-
tion of these species below.

a) Eccaparadoxides acadicus (Avalonian species)
(Fig. 6K, L) whose stratigraphic range is in the Eccapa-
radoxides eteminicus and Hartella zones in New Bruns-
wick and Newfoundland (Kim et al. 2002) and which was
recorded from the top of the Ptychagnostus gibbus or base
of the Tomagnostus fissus Zone in England (Rushton et al.
2007); thus its presence in the Pardailhania hispida Zone
indicates that the youngest age for this zone would be the
base of Ptychagnostus atavus Zone, which is the base of
Drumian Stage.

b) Agraulos longicephalus has been recorded in Great
Britain, eastern Newfoundland, Spain and France. The
range in Wales is Tomagnostus fissus and Hypagnostus
parvifrons zones (Thomas et al. 1984); eastern Newfound-
land, Paradoxides hicksii Zone (Martin & Dean 1988;

Fletcher 2006, 2007); Spain, Pardailhania hispida to
Solenopleuropsis ribeiroi zones (Liñán & Gozalo 1986);
France, levels A1, A2 and B? (Courtessole 1973), which is
equivalent to middle Caesaraugustan and upper Caesar-
augustan (Álvaro & Vizcaïno 1998). The biostratigraphical
range is equivalent to Ptychagnostus atavus Zone in the
sense of Peng & Robison (2000).

c) Diplagnostus planicauda (Figs 6G–I, 8) has a wide
geographic and stratigraphic distribution. Its FAD is re-
corded in the base of Ptychagnostus atavus Zone (Peng &
Robison 2000), thus its presence in the base of Pardail-
hania hispida Zone indicates that the oldest age for this
zone would be Drumian.

d) Peronopsis segmenta (Figs 6A–C, 7) has been re-
corded only in the eastern Great Basin (Robison 1964,
1982, 1984) and the observed range is from middle
Ptychagnostus gibbus to Ptychagnostus punctuosus Zone
or upper part of the Cambrian Stage 5 and Drumian Stage.

e) Condylopyge rex (see Appendix 1; Fig. 6D–F) has
been recorded beyond the Mediterranean region in Bohe-
mia, Baltica, England and eastern Newfoundland where
shows a wide stratigraphic range. The range in Bohemia is
Eccaparadoxides pusillus to Onymagnostus hybridus

��.

 	�����&" Stratigraphic distribution of trilobite species in the lower and middle Caesaraugustan of the Iberian Chains showing the proposed correlation
with ISCS subdivision. Names of species comment in the correlation section are highlighted.
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zones (Fatka et al. 2004); in Sweden and Norway, Hypa-
gnostus parvifrons Zone (Westergård 1946) or top of
Ptychagnostus atavus Zone sensu Høyberget & Bruton
(2008); in Warwickshire, England, it occurs in the hicksii
Zone (Illing 1916; Fletcher 2007, fig. 2) in beds equivalent
to the Ptychagnostus gibbus and Tomagnostus fissus zones

(Rushton 1979, Thomas et al. 1984); in Spain,
Pardailhania hispida to Solenopleuropsis thorali zones
(Sdzuy 1961, Liñán & Gozalo 1986, Chirivella Martorell
2008); in France, level B (Courtessole 1973) equivalent
to Solenopleuropsis ribeiroi Zone (Álvaro & Vizcaïno
1998); in Eastern Newfoundland, Paradoxides hicksii and
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 	�����'" Trilobites of the Pardailhania hispida Zone. • A–C – Peronopsis segmenta Robison, 1964; A – cephalon, internal mould, MPZ 2007/350;
B, C – pygidium, internal mould (B) and latex cast (C) of the same specimen, MPZ 2007/348. • D–F – Condylopyge rex (Barrande, 1846); D – pygidium,
internal mould, MPZ 2007/456; E – cephalon, latex cast, MPZ 2007/447; F –cephalon, internal mould, MPZ 2007/461. • G–I – pygidia of Diplagnostus
planicauda (Angelin, 1851); G – internal mould, MPZ 2007/422; H – latex cast, MPZ 2007/428; I – internal mould, MPZ 2007/423. • J – Ecca-
paradoxides rouvillei (Miquel, 1905), cranidium, latex cast MPZ 2011/78. • K, L – Eccaparadoxides acadicus (Matthew, 1883); K – cranidium, latex
cast, MPZ 2007/501; L – thoracic segments and pygidium, latex cast, MPZ 2007/516. • M – cranidia of Pardailhania hispida (Thoral, 1935), latex cast,
MPZ 3078 and 3079 (specimens figured by Liñán & Gozalo 1986, pl. 24, figs 9, 10). All the specimens are housed in Museo de Paleontología de la
Universidad de Zaragoza (MPZ). Scale bars: figures A–I 1 mm, figures J–M 5 mm.
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P. davidis zones (Howell 1925; Hutchinson 1962; Fletcher
2006, 2007, fig. 3), and in Germany, upper part of Caesar-
augustan (Sdzuy 2000). In summary the total range of this
species would be from the upper part of the Ptychagnostus
gibbus to the Ptychagnostus atavus zones or the upper part
of the Cambrian Stage 5 and Drumian Stage.

We do not know currently whether the base of Drumian
lies at a lower level. However, a comparison of the
biostratigraphic ranges of these species seems to show that
the best correlation of the basal level of Pardailhania
hispida is likely with the basal part of the Ptychagnostus
atavus Zone. Thus, the FAD of Pardailhania hispida in the
Mediterranean subprovince can be used as the local index
trilobite for the Drumian Stage in this region.

(���������

The biofacies analysis and the sequence stratigraphy estab-
lished for the Iberian Chains (see Gámez Vintaned et al.
2009; Fig. 4) show that the basal beds of Pardailhania his-
pida Zone was deposited during the Transgressive System
Tract of the Sequence 6. The relative abundance of agnos-
tids and diversity of polymeroids trilobites could be indica-
tive of a relative maximum transgressive for these levels.
Likewise the basal levels of the Ptychagnostus atavus Zone
in Drum Mountains [(USA Babcock et al. 2007)] are asso-
ciated with a relative maximum transgressive pulse (Bab-
cock et al. 2004, 2007). This transgressive event also sup-
ports our proposal of correlation between the bases of
Pardailhania hispida and Ptychagnostus atavus zones.

Recently, Álvaro et al. (2008) on the basis of the carbon
isotopic studies suggested a different correlation for the
Mediterranean subprovince. They considered that a nega-
tive δ13Corg shift from a background of –22‰ to a negative
peak of –24.5‰ in the Campelou section Montagne Noire,
France) belong to the Drumian Carbon Isotope Excursion
(DICE), more or less equivalent to the base of Drumian
(see Ahlberg et al. 2009, Howley & Jiang 2010). The DICE
falls in the base of middle Languedocian (of the Mediterra-
nean scale) in the Campelou section Álvaro et al. (2008).
Because the Montagne Noire and Iberian Chains share tri-
lobite faunas, this correlation suggested that all the species
listed above in the Iberian Chains have an age of Cambrian
Stage 5. However the middle Languedocian in the
Campelou section does not share any trilobites with areas
where the DICE excursion has been detected. This dis-
agreement between the biostratigraphic data and isotopic
data could be due to various issues. Firstly, this disagree-
ment is likely the result of low resolution, 27 samples in a
section of 200 m thick with different intervals between
samples and meter scale close to chemostratigraphic anom-
alies. Despite of fine sampling close to the
chemostratigraphic anomalies, many negative anomalies

are detected in other researches close to SPICE (Montañez
et al. 2000; Zhu et al. 2004, 2006). Therefore a lack of a
biostratigraphical control with trilobites in the Campelou
section prevents us from knowing whether this negative
anomaly belongs to DICE or to a negative excursion closer
to the SPICE peek. For the moment, the biostratigraphic
data of Montagne Noire and Iberian Chains and their trilo-
bitic correlation with other regions show that the negative
isotope excursion considered as DICE by Álvaro et al.
(2008) in the Montagne Noire really correspond with a
high stratigraphic level within Drumian, not below.
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The new data and the previous work on biostratigraphy and
sequence stratigraphy demonstrate that the bases of the Par-
dailhania hispida and Ptychagnostus atavus zones are
roughly equivalent. The FAD of Pardailhania hispida could
be used in the Mediterranean region as a marker for the be-
ginning of the Drumian Stage. This level is easily identifi-
able in several places: the Montagne Noire (France), Can-
tabrian Mountains, Demanda Mountains and Iberian Chains
(Spain), Sardinia (Italy), Amanos and Sultan Mountains
(Turkey), and, probably, the Antiatlas (Morocco).
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 	�����)" Pygidium of Peronopsis segmenta Robison, 1964. • A – inter-
nal mould, B – external mould of the same specimen, also figured in
Fig. 6B, C, MPZ 2007/348. Scale bar 1 mm.

 	�����*" Pygidium of Diplagnostus planicauda (Angelin,
1851). • A – internal mould, B – external mould of the same specimen,
also figured in Fig. 6G, MPZ 2007/422. Scale bar 1 mm.
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Condylopyge rex (Barrande, 1846)
Figure 6D–F

v 1986 Condylopyge aff. regia (Sjögren, 1872). – Liñán &
Gozalo, pp. 39, 40, pl. 1, fig. 9.

v 1986 Condylopyge rex rex (Barrande, 1846). – Liñán &
Gozalo, p. 40 (with previous synonym).

v 1986 Condylopyge rex hispanica n. ssp. – Liñán & Gozalo,
pp. 40, 41, pl. 1, figs 10–20 (with previous synonym).

2002 Condylopyge rex (Barrande, 1846). – Valíček & Sza-
bad, pp. 75, 76, pl. 1, fig. 1 (with previous synonym).

2004 Condylopyge rex (Barrande, 1846). – Buchholz,
p. 516, pl. 3, figs 10, 11.

2005 Condylopyge rex (Barrande). – Cotton & Fortey,
fig. 1A.

2006 Condylopyge rex (Barrande, 1846). – Valíček, pl. 1,
figs 7–9, fig. 2.

v 2008 Condylopyge rex (Barrande, 1846). – Chirivella Mar-
torell, pp. 69–72, pl. 3, fig. 12, pl. 4, figs 1–11 (with
previous synonym).

2008 Condylopyge rex (Barrande, 1846). – Høyberget &
Bruton, pp. 71, 72, pl. 12, figs K, M (with previous
synonym).

2009 Condylopyge rex. – Ahlberg, Axheimer, Babcock,
Eriksson, Schmitz & Terfelt, fig. 3G.

2009 Condylopyge rex. – Fatka & Mergl, fig. 9e.

Comments. – Liñán & Gozalo (1986) subdivided the species
C. rex in two subspecies. They defined C. rex hispanica
from Spain and France and suggested the possibility of anot-
her Scandinavian subspecies. Their main criteria were geo-
graphic and the different morphological combinations of the
pygidium and cephalon borders. The Bohemian specimens
have both convex borders (see Šnajdr 1958). The Mediterra-
nean specimens have the plane cephalic border and convex
pygidial border (Sdzuy 1961, Liñán & Gozalo 1986), and
the Scandinavian forms have a plane cephalic border and
convex pygidial border (Westergård 1946). Also the age of
the three subspecies seemed different.

The material classified as C. rex hispanica by Liñán &
Gozalo (1986) have been recorded of the upper Caesar-
augustan levels. They found a similar cephalon from the base
of Pardailhania hispida Zone that classified as Condylopyge
aff. regia (Sjögren, 1872) because the cephalon morphology
is close to this species, but the lack of pygium prevent to clas-
sify in open nomenclature. The new samplings on the level
where had been found Condylopyge aff. regia by Liñán &
Gozalo (1986) allow us to find several cephala and pygidia of
Condylopyge. The pygidium morphology is C. rex type, thus
we assign this material to this species.

New specimens of C. rex have been published from Bo-
hemian region (Valíček & Szabad 2002, Valíček 2006) that

show an important morphological variability in the ce-
phalic and pygidial borders and increase the stratigraphic
range for this species (see Fatka et al. 2004). Now the age
range of Spanish specimens is similar to the Bohemian and
Scandinavian specimens, and the morphological variabil-
ity does not permit to recognise the different subspecies
proposed by Liñán & Gozalo (1986).
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