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The Ibero-Armorican Arc is the main Variscan macrostructure in SW Europe. Its branches preserve the Cambrian record
of a continuous margin of West Gondwana, from its southwestern edge (West Asturian-Leonese and Cantabrian zones
and their lateral continuity into the Iberian Chains) to its northeastern extension (basement of the Cenozoic Aquitaine ba-
sin, Montagne Noire, southern Cévennes, and Sardinia). These Variscan relics allow the reconstruction of a Cambrian
Epoch 2 carbonate belt that developed intermittently along West Gondwana. Facies associations show that the main cen-
tres of carbonate productivity were nucleated in ooidal and sand shoals, together with microbial and micro-
bial-archaeocyathan reefs, developed in high energy regimes under subtropical arid conditions. Outside the inner car-
bonate belt, carbonate production was episodic and related to deposition of kerogenous black shales and phosphogenesis
in the Central Iberian Zone and northern parts of Montagne Noire and Cévennes. Development of carbonate platforms
along the margin was diachronous and discontinuous, due to poleward drifting and tectonically induced drowning and
flooding. Biogeographic connection with similar subtropical carbonate platforms from East Gondwana (mainly South
China) favoured the migration of equatorial and subtropical trilobite genera, such as Dolerolenus, Eoredlichia,
Metaredlichia, Protolenus, Redlichia, and Sardaspis. • Key words: microbialites, archaeocyaths, reefs, trilobites,
biogeography, anoxia, arid belt.
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Following a phase of predominantly siliciclastic sedimen-
tation related to the Cadomian orogeny, a large-scale
low-latitude carbonate depositional system was establis-
hed in the SW-European margin of West Gondwana. From
Ovetian/Atdabanian times (Cambrian Epoch 2), the carbo-
nate belt intermittently persisted until the beginning of
Cambrian Epoch 3 (e.g., Bechstädt & Boni 1994, Debrenne
et al. 2002, Álvaro & Debrenne 2010). The carbonate plat-
forms were essentially biogenic and, accordingly, were
strongly climate-sensitive and thus able to record evidence
of major climatic changes. Some of them were primarily
controlled by the Terreneuvian-Cambrian Epoch 2 pole-
ward drifting of West Gondwana across a southern hemi-
sphere arid belt (Álvaro et al. 2000a). Despite the recent
study of some of these Cambrian carbonate-dominated

platforms in SW Europe, their euxinic basinal counterparts
have received less attention, probably as a result of the
scarcity of fossil record and severe Variscan overprint.
However, the gradual transition from these inner platforms
to outer-platform, slope and basinal settings (characterized
by gravitational-related facies, kerogenous limestones, and
black shales) are locally preserved, and constitute key in-
formation that constrains the Gondwanan distribution of
Cambrian anoxic conditions.

The aim of this paper is to contribute to the character-
ization of the climate-sensitive facies, stratigraphy,
and palaeogeographic models of the Cambrian Epoch
2 platform-basinal transects that can be reconstructed
in the SW-European margin of West Gondwana. The se-
lected palaeogeographic areas, bent by the Variscan
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Ibero-Armorican Arc, are (from SW to NE): the Iberian
Chains (IC) and West Asturian-Leonese (WALZ) and
Cantabrian (CZ) zones in Spain, the Montagne Noire (MN)
and southern Cévennes (SC) in France, and Sardinia in It-
aly. New detailed descriptions and interpretations of the
northern MN and SC regions are presented. Both the
Ossa-Morena Zone and the Armorican Massif are excluded
from the reported carbonate belt/basinal counterpart
transect.
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In the Iberian Peninsula, the Variscan WALZ and CZ and
their southeastern prolongation into the IC (Fig. 1) have
been traditionally interpreted in terms of a single Cambrian
basin, the so-called Cantabro-Iberian Basin. It was limited
to the NE by the Cantabro-Ebroan Land Area, which also
constituted the main source of sediments for the Pyrenean
Basin, and to the SW by some uplifted areas that episodi-
cally supplied sediments (Aramburu et al. 1992, Álvaro et
al. 2003). To the (present-day) NE of the Cantabro-Ebroan
Land Area, a mosaic of platforms is preserved in the Cam-
brian exposures of the Pyrenees (Terrades area; Perejón et
al. 1994), MN, SC, and their lateral equivalents in Sardinia.

The NW-SE-trending alignment of the Neoproterozoic
Narcea antiform in NW Spain marks the boundary between

two distinct Variscan tectonostratigraphic units: the
WALZ and CZ. By contrast, the southeastern prolongation
into the Neoproterozoic Paracuellos antiform does not sep-
arate significant palaeogeographic units, thus the IC will be
described below as a single entity. The MN consists of a
complex framework of Variscan nappes, which are
grouped into three main structural domains that display
distinct palaeogeographic units (Gèze 1949): (i) a meta-
morphic axial zone, comprising complex domes of
gneisses and migmatites surrounded by Neoproterozoic
mica schists; (ii) the southern flank composed of large
nappes involving Cambrian to Carboniferous sedimentary
rocks; and (iii) the northern flank consisting of imbricated
tectonic nappes bearing Cambrian to Silurian rocks.

Although the Cambrian stratigraphy and palaeontology
of southern France is well exposed in the MN, other neigh-
bouring outcrops and borehole drilling have yielded fossil
debris that suggests a Cambrian age. This is the case in
some Cambrian-Lower Ordovician reddish limestones
found in the Bouglou-St. Marthe borehole in the Cenozoic
Aquitaine Basin (Bandelot & Fournier-Vilas 1984, Le
Pochat 1984) and trilobite-bearing shales and limestones
from the SC. The SC (Vigan region; Fig. 1) consists of a
Variscan synmetamorphic nappe framework, structurally
correlatable with the nappes of the northern MN (Bernier et
al. 1970, Alabouvette et al. 1988, Faure et al. 1999, Matte
2007). The southernmost Malines mining district, which
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 ������!" A – geological setting of the Variscan tectonostratigraphic units on which this work is focused, SW Europe: SPZ – South Portuguese Zone,
OMZ – Ossa-Morena Zone, BCSZ – Badajoz-Córdoba Shear Zone, CIZ – Central-Iberian Zone, VF – Vivero Fault, WALZ – West Asturian-Leonese
Zone, CZ – Cantabrian Zone, IC – Iberian Chains, Py – Pyrenees, AB – Aquitaine Basin, AM – Armorican Massif, MC – French Massif Central,
MN – Montagne Noire, SC – Southern Cévennes, Sa – Sardinia, Co – Corsica; modified from von Raumer et al. (2003). • B – geological map of the
Montagne Noire; modified from Clausen & Álvaro (2007). • C – geological map of the southern Cévennes; modified from Alabouvette et al. (1988).
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has yielded some shell accumulations, is commonly subdi-
vided into: (i) the Malines ‘autochthon’, a recumbent kilo-
metre-scale syncline; and (ii) the Saint Bresson nappe,
which overthrusts the Malines ‘autochthon’, with south-
ward-directed tectonic transport (Fig. 1). Finally, the
autochthonous Cambrian strata from SW Sardinia are sur-
rounded by Cenozoic grabens and overthrusted by the
allochthonous Arburese unit; previous works have recog-
nized three palaeogeographic units: the Iglesiente and
northern and southern Sulcis (Pillola et al. 1995).

The subdivision of the traditional “lower Cambrian”
(Terreneuvian and Cambrian Epoch 2) by the International
Subcommission on Cambrian Stratigraphy has not yet
been completed. This complicates the correlation of these
strata throughout SW Europe, where several regional
chronostratigrahic scales are still being used. To solve this
problem, a tentative correlation of global Cambrian
chronostratigraphic units with the Siberian Terreneuvian-
Cambrian Epoch 2 scale (mainly used for correlation of
archaeocyathan-bearing units; Spizharski et al. 1986) and
the Iberian Cambrian Epoch 2–3 scale (Liñán et al. 1993,
Álvaro & Vizcaïno 1998) is proposed in Fig. 2.
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A single phase of episodic carbonate deposition, late Ove-
tian/Atdabanian to early Cambrian Epoch 3 in age, is iden-
tifiable in the WALZ and CZ. It is lithostratigraphically re-
presented by the Láncara and Vegadeo formations,
50–300 m thick. Their Cambrian Epoch 2 part contains dis-
tinct facies rich in birdseyes, microbial and microbial-
archaeocyathan reefs and ooidal grainstones containing
dolomite rhombs, pseudomorphs from calcium sulphate
minerals (Russo & Bechstädt 1994), and scattered idio-
morphic quartz interpreted as being characteristic of hyper-
saline conditions (Zamarreño 1972, 1975; Aramburu et al.
1992, 2004; Aramburu & García-Ramos 1993; Álvaro et
al. 2000b). Both areas record the palaeogeographic estab-
lishment of a carbonate-dominated ramp that suffered a
drastic tectonic influence during the Cambrian Epoch 2–3
boundary interval. The results being: (i) an immigration
event of benthic shelly fauna which was recorded on the
southeastern edge of the CZ (for a description of its trilobi-
tes and skeletonized microfossils, see Clausen & Álvaro
2006, Álvaro 2007), and (ii) virtual disappearence of car-
bonate production in the WALZ. According to Martínez
Catalán et al. (1992) and Russo & Bechstädt (1994), the
western boundary of the WALZ-CZ platforms was situated
at the Vivero Fault (Fig. 1), coinciding with the boundary
with the Variscan Central Iberian Zone (for a recent strati-
graphic revision of the latter, see Jensen et al. 2010). To
the west of the Vivero Fault, a basinal deposition probably

represents the lateral equivalent of the Vegadeo and Lán-
cara formations.
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In contrast with the CZ and WALZ, the Ovetian-early
Cambrian Epoch 3 carbonate production in the southeas-
tern part of the Cantabro-Iberian Basin was interrupted by
an early Bilbilian/Toyonian progradation of siliciclastic
depositional systems related to the Daroca Regression
(Álvaro & Vennin 1998). In the IC, the late Ovetian-
Marianian carbonate episode is represented by mixed
(carbonate-siliciclastic) deposits, comprising the Jalón, Ri-
bota, and Huérmeda formations. The Jalón Formation,
250–350 m thick, consists of stromatolitic dolostones, san-
dstones, and variegated shales deposited under shallow
subtidal, intertidal, and supratidal conditions, which yield
common halite pseudomorphs in muddy shales. The over-
lying Ribota Formation, 30–120 m thick, is composed of
dolostones and marls that represent the establishment of
shoals and subsequent development of back-shoal, periti-
dal deposits with scattered halite moulds, frequently sub-
jected to subaerial conditions; by contrast, the distal shoal
dolostones have yielded anhydrite/gypsum pseudomorphs
(Álvaro et al. 1995).
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In the southern MN, an episodic carbonate deposition ex-
panded, as in the CZ and WALZ, from the Ovetian/Atdaba-
nian to the early Cambrian Epoch 3. The presence and dis-
tribution of carbonates allow definition of the Cambrian
Epoch 2 Pardailhan and Lastours formations, where
microbial-archaeocyathan reefs, ooidal shoals, and periti-
dal substrates are common (Álvaro et al. 1998, Debrenne et
al. 2002). Konservat-Lagerstätten are known from the
shale interbeds of the Pardailhan Formation, which have
yielded remarkable soft-part preservation of arthropods
(including bradoriids), sponges, chancelloriid cuticles, and
trilobites (Vizcaïno et al. 2004, Vannier et al. 2005, Mon-
ceret & Monceret 2007). Evaporitic cauliflower-like nodu-
les of anhydrite/gypsum occur in the upper member of the
Lastours Formation, preserved within silica nodules and
related to episodic subaerial exposure (Álvaro et al.
2000a). The distinctive tabular, peritidal and reef-
dominated belt of the Pardailhan and Lastours formations
was regarded as being developed only in a relatively persis-
tent and narrow inner belt (Debrenne & Courjault-Radé
1986). This suggests that the Ovetian-Bilbilian (or
Atdabanian-Toyonian) interval of carbonate productivity
was a time of relative tectonic quiescence throughout the
inner platform (southern MN).
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Poor biostratigraphic control has rendered uncertain the
precise correlation of Cambrian epoch boundaries in the
northern MN (Courjault-Radé 1985, Lescuyer & Giot
1987, Guérangé-Lozès & Burg 1990, Wotte et al. 2007);
Fig. 2 provides a synopsis of the presently inferred tempo-
ral relationships of the Terreneuvian-Cambrian Epoch 3
units of the MN nappes. One of the most persistent dilem-
mas in the Cambrian stratigraphy of the northern MN has
been to resolve the stratigraphic relationships between in-
ner-platform carbonates (southern MN) and the black lime-
stone/shale alternations of the northern MN. Although the
facies of the Pardailhan and Lastours formations are recog-
nisable in the Avène-Mendic autochthonous and the
Mélagues and Brusque nappes, their sedimentary bodies
have reduced thickness northwards and are subsequently
replaced by the ‘Série Noire’ Formation. The latter, up to
500 m thick, consists of alternations of black and bluish
limestones and black shales, the latter thinly laminated, fis-
sile, and pyritic. Limestones, up to 2 m thick, show low-re-

lief scouring, grading and, locally, conspicuous sliding
structures, such as olistostromes and slumps on a metre- to
decametre scale (Fig. 3A). Both the shales and limestones
contain phosphatic nodules and crusts. The concentration
of phosphate occurred by repeated alternations of low sedi-
mentation rates and condensation (hardgrounds), in situ
early-diagenetic precipitation of apatite, winnowing and
polyphase reworking of previously phosphatized skeletons
and hardground-derived clasts. The succession of repeated
cycles of sedimentation, phosphate concentration, and re-
working led to multi-event phosphate deposits rich in
allochthonous particles (Clausen & Álvaro 2007).
Phosphogenesis was primarily mediated by microbial ac-
tivity, which is evidenced by the abundance of thromboid
textures (Fig. 3B, C) and phosphatized microbial pseudo-
morphs that suggest the establishment of saprophytic to
mutualistic, cyanobacterial-fungal consortia (Álvaro &
Clausen 2010). Despite the general scarcity of shelly fos-
sils, the top of some irregularly phosphatized limestones
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 �������" Terreneuvian-Cambrian Epoch 3 stratigraphic synthesis of the study area based on the papers reported in this text.
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 ������+" Field and microfacies aspects of the Série Noire in the vicinity of Peux, Barre-Peux-Mounes nappe, northern Montagne Noire. • A – preserved
slump and collapsed breccia (b) flanking synsedimentary palaeowalls embedded in black limestone/shale alternations. • B – thin-section photomicro-
graph of a spiculite, rich in disarticulated hexactinellid sponge spicules (lower part, arrowed) and spherules of uncertain affinity (upper part), embedded in
a thromboid texture; cap of a phosphorite crust. • C – thin-section photomicrograph of the centripetal infill of a secondary vuggy pore composed of
biofilms and microbial mats alternating with micrite, fossil debris and, the remaining porosity, occluded with calcite cements.

# �

$

��	������ �����
 ��	��� � ��������� !��	���
�"	��"	 ����
��
��� !��	�
���#�	
�	�!�	$�%&����	' 
�!	�



are locally rife with: (i) a rich and diversified, phosphatized
skeletonized microfauna composed of annelid and chan-
celloriid sclerites, brachiopods, crustaceans (branchio-
pods), halkieriids, molluscs (gastropods), trilobites, and
problematica (Heuraltia Member; Kerber 1988); and (ii)
hexactinellid and demosponge spicules (Série Noire; Prian
1979; Fig. 3B). These spiculites represent quiet-water,
open-marine conditions, which contrast with the lagged
base of some limestone strata, which contain common
quartz silt, carbonate, phosphate, and glauconite clasts.

The Série Noire progressively thickens northward and
the TOC content increases in that direction (up to 25 wt%
in the Barre-Peux-Mounes nappe). This means that the
oxygen content of bottom waters was decreasing as the wa-
ter deepened in that direction, resulting from a decrease in
terrigenous influx. The overall fine particle, thin laminae
and TOC content suggest that the sedimentary conditions
of the black shale interbeds were a quiet water, stagnant en-
vironment in which anoxic conditions were, at least, epi-
sodic; the occurrence of pyrite should not be used as an in-
dicator of a sulphidic (anoxic) basin as the local abundance
of burrowing structures suggests a low oxygenated sub-
strate. The sponge biota also required an oxic or dysoxic
substrate for their growth, as sponge metabolism requires
free oxygen (Xiao et al. 2005). Therefore, although euxinic
conditions predominated during deposition of the Série
Noire, occasional currents may have brought free oxygen
to the bottom water column necessary for the growth of
sponges and the record of burrowing (Calvert & Piper
2009).

Some authors (e.g., Guérangé-Lozès & Burg 1990)
postulated an extremely rapid northward facies change
from inner platform facies into black shale-dominated,
basinal deposition in some nappes of the northern MN.
Such a rapid facies change suggested the possibility of an
inner-platform edge or fault escarpment, but the absence of
thick breccia lobes within the northern nappes does not
seem to support this model. However, a succession of rela-
tively steepening slopes is still implied for the episodic
presence of conspicuous submarine sliding. In the Barre-
Peux-Mounes nappe, the Série Noire displays common
olistostromes, slumps, and angular discordances bearing
polyphase clasts derived from erosion of the underlying
and contorted strata (Fig. 3). No preferential palae-
ocurrents have been measured, thus multidirectional slid-
ing suggests that the northern MN platform was broken up
into localized small-scale, fault blocks that respectively
tilted in different directions.
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The southern Cévennes is a pre-Variscan inlier, flanked to
the north by a Variscan pluton (the so-called Saint Guiral

granite). From north to south, five tectonostratigraphic
units can be distinguished: the Col de Moures-Arrigas,
Col de Mourèzes, Sumène, Vigan and Saint Bresson na-
ppes and the Malines autochthon (Alabouvette et al.
1986, Ortenzi 1986). The Cambrian stratigraphy of the
Malines ‘autochthon’ and the Saint Bresson nappe
(Fig. 1) is similar to that known from the MN and Sardinia
(Verraes 1979, 1983; Ortenzi 1986), and the lithostratig-
raphic nomenclature and correlation with the southern
MN are well established (Orgeval et al. 1997, 2000; Faure
et al. 1999; Fig. 2). The Falguières (= Marcory) Forma-
tion, ca 300 m thick, consists of sandstones, acidic volca-
noclastic strata and purple shales bearing hyolithids,
chancelloriid and trilobite sclerites. It is overlain by the
Sanguinède and Malines (= Pardailhan) formations. The
former is composed of alternations of shales and carbona-
tes, up to 70 m thick, locally rich in hyolithids, trilobites,
bradoriids, and phyllocarids, whereas the limestones of
the latter show ooidal textures reflecting shoal environ-
ments (Verraes 1979, 1983). Both units are overlain by
the Saint Bresson (= Lastours) Formation, 300–400 m
thick, which consists of massive dolostones that locally
contain karstic cavities occluded by phosphatic crusts
(Orgeval & Capus 1978). In the Sanguinède area, the lo-
wermost strata of the Sanguinède Formation and the Saint
Bresson dolostones that cap the so-called Saint-Bresson
volcano have yielded Botoman archaeocyaths (Debrenne
et al. 1976). The Saint Bresson Formation contains volca-
nosedimentary interbeds and sedex-type Pb-Zn ore mine-
ralizations, similar to those known in the northern MN
and Sardinia (see a synthesis in Orgeval et al. 2000). The
Les Malines mine ores are Triassic in age and hosted wit-
hin karstified dolostones of the Saint-Bresson Formation,
whereas the Sanguinède and Montdardier mineralizations
are hosted in the Sanguinède Formation. Some authors
(Lacerda & Bernard 1984, Chantal & Leblanc 1986) have
proposed the mineralization as being syngenetic strati-
form deposits of Cambrian age, whereas others have sug-
gested a Variscan (Michaud 1980a, b) or Mesozoic age
(Verraes 1979; Charef & Sheppard 1988; Macquar et al.
1988, 1990). Le Guen et al. (1991) and Orgeval et al.
(2000) subsequently synthesized the relationships bet-
ween ore minerals and tectonic features and suggested a
Variscan emplacement, similar to the mechanisms propo-
sed for the northern MN, partially affected by Mesozoic
reworking.

As in the case of the northern MN (Debrenne et al.
2002), the Cambrian Epoch 2 of the SC area has also been
interpreted in terms of an inner carbonate-dominated plat-
form (Sanguinède and Saint Bresson formations), probably
less than 40 km wide, separated by the northern homoge-
neous fine-grained siliciclastic strata and black shales (the
so-called crystalline slates of the Cévennes s.s. sensu
Brouder 1963, 1964), by a volcanogenic palaeohigh and an
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unpreserved slope masked by the presence of the Saint
Guiral granite (Verraes 1979, Ortenzi 1986, Alabouvette et
al. 1988).
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As in the aforementioned carbonate-dominated successi-
ons, the carbonate sediments of SW Sardinia were also de-
posited from middle Ovetian/Atdabanian to early Cam-
brian Epoch 3 times. These include the Matoppa, Punta
Manna, Santa Barbara, San Giovanni, Planu Sartu, and lo-
wer part of the Campo Pisano formations (Pillola et al.
1995, Perejón et al. 2000). The palaeogeographic frame-
work of the area can be summarized as the chronological
succession of a homoclinal ramp, a rimmed shelf, and an
isolated platform (Bechstädt et al. 1985, 1988; Bechstädt &
Boni 1989, 1994), with evaporitic precipitation in the last
phase.

The Santa Barbara Formation contains evaporates
found in two kinds of environmental setting: (i) arid, re-
stricted tidal environments on a platform well-docu-
mented by the presence of moulds from anhydrite
or gypsum, rosettes of former gypsum, and local
idiomorphic gypsum/anhydrite crystals, probably of dia-
genetic origin (Cocozza & Gandin 1990); (ii) tidal envi-
ronments characterized by subaerial tufas containing
microbial carbonates, laminated fenestrae and eva-
poritic moulds on platform margins. Local cyclic sedi-
ments were deposited during repeated, small-scale tilt-
ing that formed tectonically enhanced grabens with
small ponds infilled with partly slumped material and fi-
nally covered by laminated tidal to supratidal carbonates
(Bechstädt & Boni 1989).

�����
������
�
�����������������

The study of several Variscan relics of SW Europe (in our
case study, Iberian Peninsula, southern France, and Sardi-
nia) allows reconstruction of some Cambrian Epoch 2 pala-
eogeographic features of West Gondwana. There, the end
of the Cadomian orogeny and the subsequent infill of
‘molasse’ troughs recorded a change from synrift (mecha-
nical subsidence) to post-rift (thermal subsidence) frame-
works (Álvaro et al. 2008).

The margin was dominated by an extensional regime
associated with prolific rift-related tholeiitic-alkaline vol-
canism in neighbouring areas, such as Morocco and
Ossa-Morena (Gasquet et al. 2005, Pereira et al. 2006).
The extensional regime resulted in the formation of graben
and halfgraben systems, which controlled the distribution
of carbonate platforms and slope and deeper basin facies
(Fig. 4).

The variety and abundance of ooidal shoals, micro-
bial-archaeocyathan reefs, and primary to early-diagenetic
evaporitic relics (gypsum, anhydrite, and halite) suggest
that extensive arid conditions were locally associated with
the evolution of the Cambrian Epoch 2 carbonate-domi-
nated and mixed platforms. Carbonates were produced
in the Cantabro-Iberian Basin and MN-Sardinia platforms
during the late Ovetian/Atdabanian-early Cambrian Epoch
3 interval. The existence of a Terreneuvian-Cambrian
Epoch 2 southern hemisphere arid belt is envisaged in West
Gondwana (Álvaro et al. 2000a, Álvaro & Debrenne,
2010): arid climate conditions probably favoured the early,
widespread and pervasive dolomitization of peritidal envi-
ronments (lower Láncara in the CZ, Vegadeo Formation in
the WALZ, Ribota and Valdemiedes formations in the IC,
upper Lastours Formation in the MN, and Sta. Barbara For-
mation in Sardinia; Fig. 2).

As a result of tectonic activity and open-sea communi-
cation of inner platforms across the Cambrian Epoch 2–3
transition, this stratigraphic interval is commonly repre-
sented in the study area by dolostone/limestone and
dolostone/shale contacts.

Another process recorded across the same epoch transi-
tion is a diachronous extensional phase, which led to the
breakdown of all of the reported platforms (already estab-
lished in the isolated Sardinian platform with the Sta.
Barbara Formation), general drowning patterns related to
Milankovitch-like cyclicity, and the end of carbonate pro-
ductivity during the early Cambrian Epoch 3 (Álvaro et al.
2000c).

Both the Neoproterozoic-Cambrian transition and
the Terreneuvian-Cambrian Epoch 2 were time spans
of intense accumulation of sedimentary organic matter
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 ������-" Tentative Cambrian Epoch 2 palaeogeographic reconstruction
of the inner-platform/basin transects through the SW-European margin of
West Gondwana.
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worldwide. Although the Terreneuvian-Cambrian Epoch
2 was characterized by non-simultaneous organic matter
deposition in shallow epeiric seas, especially in low and
mid latitudes of the southern hemisphere, some authors
have assigned most of the organic matter-rich deposits to
global anoxic events. In fact, the so-called Sinsk event
(Botoman in age) was proposed in Siberia to explain the
decline and extinction of numerous taxonomic clades as-
sociated with the significant accumulation of non-
bioturbated black shales in subtropical epeiric platforms
(Zhuravlev & Wood 1996, Ivantsov et al. 2005). The
Botoman Sinsk anoxic event is marked by a characteristic
negative excursion in the δ13C record of carbonates and
organic matter, usually with a sharp drop from around
+2.2‰ to –1.6‰ in Siberia, which was associated with
enhanced burial of organic matter (Brasier et al. 1994).
Other Tommotian-Atdabanian black carbonaceous lime-
stones and shales are known worldwide, such as the
Yangtze Platform (South China; Goldberg et al. 2007,
Zhou & Jiang 2009), where sponge-rich Lagerstätten
similar to those described in the northern MN
phosphorites, are reported (Xiao et al. 2005). In our case
study, the distribution of kerogenous limestones and
black shales is restricted to the slope-to-basinal settings
exposed in the northern MN and SC. Their age does not
support an exclusive Botoman Sinsk event, although
their youngest occurrence in the Brusque nappe
(Debrenne & Courjault-Radé 1986) may suggest the
maximum worldwide extension of the Sinsk event in
subtropical, low and middle latitudes.
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The Ovetian-Marianian (or Atdabanian-Botoman, Cam-
brian Epoch 2) limestone and limestone/shale strata of SW
Europe have yielded numerous trilobite assemblages do-
minated by endemic genera and species. However, some
of these associations comprise distinct genera shared with
other subtropical carbonate-dominated continental mar-
gins. These are: Hebedescina (Sardinia, South China and
Australia), Dolerolenus (South China, Sardinia, IC, and the
Himalayas), Sardaspis (= Mianxianella; Sardinia, South
China), Eoredlichia (= Archaeops, Saukiandops, Parared-
lichia, Galloredlichia; South China, Australia, Sardinia,
MN, and Ossa-Morena), Pagetiellus (= Delgadella; Spain,
Portugal, Sardinia, Siberia, Mongolia, Newfoundland),
Metadoxides (Siberia, South China, Sardinia, CZ, MN, Bo-
hemia), Kuanyangia (Sardinia, South China), and Long-
duia (Sardinia, South China); see references in Álvaro et
al. (2003).

As a result, biogeographic connection with similar
subtropical carbonate platforms from East Gondwana
(mainly South China) favoured migration of equatorial

and subtropical trilobite genera, such as Dolerolenus,
Eoredlichia, Metaredlichia, Protolenus, Redlichia,
and Sardaspis. This link would be episodically re-estab-
lished during the late Languedocian (latest Cambrian
Epoch 3)-Furongian time span, as a result of residual tem-
perate-water carbonate production in West Gondwana
(Álvaro et al. 2003, 2007).
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The Cambrian Epoch 2 strata of SW Europe provide a key
opportunity to reconstruct several palaeogeographic
transects, subsequently bent by the Variscan Ibero-
Armorican Belt, with a bathymetric range from shallow
marine (IC, CZ, WALZ, southern MN, and Sardinia) to
hemipelagic shelf and basin (northern MN and SC) set-
tings. During the Cambrian Epoch 2, the CZ-WALZ car-
bonate platform (Vegadeo and lower Láncara formations)
was characterized by a general westward-dipping
inner-platform complex of ramps, bounded at the west by
the Vivero Fault. The latter would represent the boundary
with the basinal sedimentation recorded in the Cen-
tral–Iberian Zone.

In contrast, the Cambrian Epoch 2 exposures of MN
and SC have preserved a complex of northward-dipping
platforms, including a complete facies transect ranging
from peritidal, shoal and reef barrier (Pardailhan-Lastours
formations and Sanguinède-Saint Bresson formations, re-
spectively) to slope and basin (Série Noire in the northern
MN and ‘crystalline slates’ in the Cévennes) settings. In
the slope-to-basin palaeogeographic areas, the general fa-
cies trend was complicated by the onset of a complex tec-
tonically enhanced palaeorelief, which resulted in strong
lateral thickness and facies variation of black shales and
kerogenous limestones.

Finally, the Cambrian Epoch 2–3 boundary interval
recorded a conspicuous (although diachronous) exten-
sional phase, which led to the diachronous breakdown of
all the reported platforms (already begun on the isolated
Sardinian platform), general drowning patterns, and the
end of carbonate productivity during the early Cambrian
Epoch 3.

During the Cambrian Epoch 2, the biogeographic
connection of the margins of Gondwana (sharing similar
subtropical conditions) and nucleation of carbonate fac-
tories favoured migration of equatorial and subtropical
trilobite genera. After carbonate productivity ceased
at the beginning of Cambrian Epoch 3, this bio-
geographic link disappeared and was only episodically
re-established during the late Languedocian (latest Cam-
brian Epoch 3)-Furongian time span, as a result of resid-
ual temperate-water carbonate production in West
Gondwana.

�+�

��������	
�	��
������	�	�
��	���	��	����



$
/������������

The authors wish to thank Thilo Bechstädt and Stephen M. Row-
land for constructive and peer revision. This paper is a contribu-
tion to projects ANR (JC07_194555) financed by the French
CNRS-USAR, and CGL 2010-19491 financed by the Spanish
MICINN and FEDER.

0������
��

ALABOUVETTE, B., ARTHAUD, F., BODEUR, Y., BARTHES, J.P.,
PALOC, H. & AUBAGUE, M. 1988. Notice explicative de la
feuille Le Vigan à 1/50 000. Editions BRGM, Orléans.

ÁLVARO, J.J. 2007. New ellipsocephalid trilobites from the lower
Cambrian member of the Láncara Formation, Cantabrian
Mountains, northern Spain. Memoirs of the Association of
Australasian Palaeontologists 34, 29–41.

ÁLVARO, J.J., BAULUZ, B., GIL IMAZ, A. & SIMÓN, J.L. 2008.
Multidisciplinary constraints on the Cadomian compression
and early Cambrian extension in the Iberian Chains, NE Spain.
Tectonophysics 461, 215–227.
DOI 10.1016/j.tecto.2008.04.006

ÁLVARO, J.J. & CLAUSEN, S. 2010. Morphology and
ultrastructure of epilithic versus cryptic, microbial growth in
early Cambrian phosphorites from the Montagne Noire,
France. Geobiology 8, 89–100.
DOI 10.1111/j.1472-4669.2009.00229.x

ÁLVARO, J.J. & DEBRENNE, F. 2010. The Great Atlasian Reef
Complex: an early-Cambrian subtropical fringing belt that
bordered West Gondwana. Palaeogeography, Palaeo-
climatology, Palaeoecology 294, 120–132.
DOI 10.1016/j.palaeo.2009.11.022

ÁLVARO, J.J., ELICKI, O., GEYER, G., RUSHTON, A.W.A. &
SHERGOLD, J.H. 2003. Palaeogeographical controls on the
Cambrian trilobite immigration and evolutionary patterns re-
ported in the western Gondwana margin. Palaeogeography,
Palaeoclimatology, Palaeoecology 195, 5–35.
DOI 10.1016/S0031-0182(03)00300-6

ÁLVARO, J.J., FERRETTI, A., GONZÁLEZ-GÓMEZ, C., SERPAGLI,
E., TORTELLO, M.F., VECOLI, M. & VIZCAÏNO, D. 2007. A re-
view of Late Cambrian (Furongian) palaeogeography in the
western Mediterranean region, NW Gondwana. Earth-Science
Reviews 85, 47–81. DOI 10.1016/j.earscirev.2007.06.006

ÁLVARO, J.J., LIÑÁN, E., VENNIN, E. & GOZALO, R. 1995.
Palaeogeographical evolution within a passive margin with
syndepositional faulting: the Marianian deposits (Lower
Cambrian) of the Iberian Chains (NE Spain). Neues
Jahrbuch für Geologie und Paläontologie, Monatshefte 9,
521–540.

ÁLVARO, J.J., ROUCHY, J.M., BECHSTÄDT, T., BOUCOT, A.,
BOYER, F., DEBRENNE, F., MORENO-EIRIS, E., PEREJÓN, A.
& VENNIN, E. 2000a. Evaporitic constraints on the south-
ward drifting of the western Gondwana margin during Early
Cambrian times. Palaeogeography, Palaeoclimatology,
Palaeoecology 160, 105–122.
DOI 10.1016/S0031-0182(00)00061-4

ÁLVARO, J.J. & VENNIN, E. 1998. Stratigraphic signature of a ter-
minal Early Cambrian regressive event in the Iberian Penin-
sula. Canadian Journal of Earth Sciences 35, 402–411.
DOI 10.1139/cjes-35-4-402

ÁLVARO, J.J., VENNIN, E., MORENO-EIRIS, E., PEREJÓN, A. &
BECHSTÄDT, T. 2000b. Sedimentary patterns across the
Lower–Middle Cambrian transition in the Esla nappe (Can-
tabrian Mountains, northern Spain). Sedimentary Geology
137, 43–61. DOI 10.1016/S0037-0738(00)00134-2

ÁLVARO, J.J., VENNIN, E., MUÑOZ, A., SÁNCHEZ-VALVERDE,
B. & OJEDA, J.L. 2000c. Interplay of orbital forcing and tec-
tonic pulses in the Cambrian Iberian platform, NE Spain. In-
ternational Journal of Earth Sciences 89, 366–376.
DOI 10.1007/s005310000091

ÁLVARO, J.J., VENNIN, E. & VIZCAÏNO, D. 1998. Depositional
controls on Early Cambrian microbial carbonates from the
Montagne Noire, southern France. Transactions of the Royal
Society of Edinburgh: Earth Sciences 89, 135–143.

ÁLVARO, J.J. & VIZCAÏNO, D. 1998. Révision biostratigraphique
du Cambrien moyen du versant méridional de la Montagne
Noire (Languedoc, France). Bulletin de la Société géologique
de France 169, 233–242.

ARAMBURU, C. & GARCÍA-RAMOS, C. 1993. La sedimentación
cambro-ordovícica en la Zona Cantábrica (NO de España).
Trabajos de Geología, Universidad de Oviedo 19, 45–73.

ARAMBURU, C., MÉNDEZ-BEDIA, I., ARBIZU, M. & GARCÍA-
LÓPEZ, S. 2004. Zona Cantábrica. Estratigrafía. La secuencia
preorogénica, 27–34. In VERA (ed.) Geología de España.
Sociedad Geológica de España and Instituto Geológico y
Minero de España, Madrid.

ARAMBURU, C., TRUYOLS, J., ARBIZU, M., MÉNDEZ-BEDIA, I.,
ZAMARREÑO, I., GARCÍA-RAMOS, J., SUÁREZ DE CENTI, C.
& VALENZUELA, M. 1992. El Paleozoico Inferior de la Zona
Cantábrica, 397–422. In GUTIÉRREZ-MARCO, J.C., SAA-

VEDRA, J.C. & RÁBANO, I. (eds) Paleozoico Inferior de
Ibero-América. UNEX Press, Mérida.

BANDELOT, S. & FOURNIER-VILAS, C. 1984. Bassins
paléozoïques cachés sous l’Aquitaine: étude micro-
paléontologique des carottes prélevées à l’occassion de for-
ages pétrolières. Documents du Bureau de Recherches
Géologiques et Minières 81(7), 1–11.

BECHSTÄDT, T. & BONI, M. 1989. Tectonic control on the forma-
tion of a carbonate platform: the Cambrian of southwestern
Sardinia. In CREVELLO, P.D., WILSON, J.J., SAG, J.F. &
READ, J.F. (eds) Controls on Carbonate Platform and Basin
Development. Society of Economic Paleontologists and
Mineralogists, Special Publication 44, 107–122.

BECHSTÄDT, T. & BONI, M. (eds) 1994. Memorie descrittive
della Carta Geologica d’Italia, volumen 48 (Parte I, II). 434
pp. Instituto Poligrafico e Zecca dello Statu, Roma.

BECHSTÄDT, T., BONI, M. & SELG, M. 1985. The Lower Cam-
brian of SW-Sardinia: from a clastic tidal shelf to an isolated
carbonate platform. Facies 12, 113–140.
DOI 10.1007/BF02536978

BECHSTÄDT, T., SCHLEDDING, T. & SELG, M. 1988. Rise and fall
of an isolated, unstable carbonate platform: the Cambrian of
Southwestern Sardinia. Geologische Rundschau 77, 389–416.
DOI 10.1007/BF01832387

�+�

��	������ �����
 ��	��� � ��������� !��	���
�"	��"	 ����
��
��� !��	�
���#�	
�	�!�	$�%&����	' 
�!	�



BERNIER, P., MACQUAR, J.C., MICHAUD, J.G., PALUT, J.P. &
ZISERMAN, A. 1970. Contribution à la recherche de gisements
métallifères cachés (district des Malines – Cévennes). Bulletin
du Bureau de Recherches Géologiques et Minières (section II)
1, 17–26.

BRASIER, M.D., CORFIELD, R.M., DERRY, L.A., ROZANOV,
A.Y. & ZHURAVLEV, A.Y. 1994. Multiple δ13C excursions
spanning the Cambrian explosion to the Botomian crisis in Si-
beria. Geology 22, 455–458.
DOI 10.1130/0091-7613(1994)022<0455:MCESTC>2.3.CO;2

BROUDER, P. 1963. Description d’une succession lithologique
avec niveaux-repères dans les schistes cristallins des
Cévennes près de Villefort (Lozère). Bulletin de la Société
géologique de France (série 5) 7, 828–834.

BROUDER, P. 1964. Niveaux-repères dans la série méta-
morphique des Cévennes centrales (Massif central français).
Bulletin de la Société géologique de France 7, 699–703.

CALVERT, S.E. & PIPER, D.Z. 2009. A marine biogeochemical
perspective on black shale deposition. Earth-Science Reviews
95, 63–96. DOI 10.1016/j.earscirev.2009.03.001

CHANTAL, C. & LEBLANC, M. 1986. Interprétation
métallogénique des amas sulfurés du Cambrien des Malines
(Gard, France): dépôts synsédimentaires sur un talus continen-
tal. Comptes Rendus de l’Académie des Sciences, Paris 302,
579–582.

CHAREF, A. & SHEPPARD, S.M.F. 1988. The Malines Cambrian
carbonate-shale-hosted Pb-Zn deposit, France: thermometric
and isotopic (H, O) evidence for pulsating hydrothermal min-
eralization. Mineralium Deposita 23, 86–95.
DOI 10.1007/BF00206655

CLAUSEN, S. & ÁLVARO, J.J. 2006. Skeletonized microfossils
from the Lower-Middle Cambrian transition of the Cantabrian
Mountains, northern Spain. Acta Palaeontologica Polonica
51, 223–238.

CLAUSEN, S. & ÁLVARO, J.J. 2007. Lower Cambrian shelled
phosphorites from the northern Montagne Noire, France,
17–28. In ÁLVARO, J.J., ARETZ, M., BOULVAIN, F., MUN-

NECKE, A., VACHARD, D. & VENNIN, E. (eds) Palaeozoic
Reefs and Bioaccumulations: Climatic and Evolutionary Con-
trols. Geological Society, London, Special Publications 275.

COCOZZA, T. & GANDIN, A. 1990. Carbonate deposition during
early rifting: the Cambrian of Sardinia and the Triassic-Juras-
sic of Tuscany, Italy. Special Publications of the international
Association of Sedimentologists 9, 9–37.

COURJAULT-RADÉ, P. 1985. Comparaison de l’évolution sédi-
mentaire des séquences du Cambrien inférieur et moyen (p. p.)
dans les versants sud et nord (unité de Brusque) de la
Montagne Noire (Massif Central). Comptes Rendus de
l’Académie des Sciences, Paris (Série II) 301, 43–48.

DEBRENNE, F. & COURJAULT-RADÉ, P. 1986. Découverte de
faunules d’Archéocyathes dans l’Est des monts de Lacaune,
flanc nord de la Montagne Noire. Implications biostratigraphi-
ques. Bulletin de la Société géologique de France 2, 285–292.

DEBRENNE, F., GANDIN, A. & COURJAULT-RADÉ, P. 2002. Fa-
cies and depositional setting of the Lower Cambrian archaeo-
cyath-bearing limestones of southern Montagne Noire (Massif
Central, France). Bulletin de la Société géologique de France
173, 533–546. DOI 10.2113/173.6.533

DEBRENNE, F., ORGEVAL, J.J. & VERRAES, G. 1976. Présence
d’Archéocyathes dans le substratum carbonaté de la mine des
Malines (Gard, France). Comptes Rendus sommaires de la
Société géologique de France 6, 259–261.

FAURE, M., CHARONNAT, X. & CHAUVET, A. 1999. Schéma
structural et évolution tectonique du domaine para-
authochtone cévenol de la chaîne hercinienne (Massif central
français). Comptes Rendus de l’Academie des Sciences, Paris
(série IIA) 328(6), 401–407.

GASQUET, D., LEVRESSE, G., CHEILLETZ, A., RACHID AZIZI-
SAMIZ, M. & MOUTTAQI, A. 2005. Contribution to a
geodynamic reconstruction of the Anti-Atlas (Morocco) dur-
ing Pan-African times with the emphasis on inversion tecton-
ics and metallogenic activity at the Precambrian-Cambrian
transition. Precambrian Research 140, 157–182.
DOI 10.1016/j.precamres.2005.06.009

GÈZE, B. 1949. Etude géologique de la Montagne Noire et des
Cévennes méridionales. Mémoires de la Société géologique de
France (nouvelle série) 62, 1–215.

GOLDBERG, T., STRAUSS, H., GUO, Q. & LIU, C. 2007. Recon-
structing marine redox conditions for the Early Cambrian
Yangtze Platform: evidence from biogenic sulphur and organic
carbon isotopes. Palaeogeography, Palaeoclimatology, Pa-
laeoecology 254, 175–193.
DOI 10.1016/j.palaeo.2007.03.015

GUÉRANGÉ-LOZES, J. & BURG, J.P. 1990. Les nappes Varisques
du Sud-Ouest du Massif Central. Géologie de France
1990(3–4), 71–106.

IVANTSOV, A.Y., ZHURAVLEV, A.Y., LEGUTA, A.V.,
KRASSILOV, V.A., MELNIKOVA, L.M. & USHATINSKAYA,
G.T. 2005. Palaeoecology of the Early Cambrian Sinsk biota
from the Siberian Platform. Palaeogeography, Palaeoclima-
tology, Palaeoecology 220, 69–88.
DOI 10.1016/j.palaeo.2004.01.022

JENSEN, S., PALACIOS, T. & MARTÍ MUS, M. 2010. Revised
biochronology of the Lower Cambrian of the Central Iberian
Zone, southern Iberian massif, Spain. Geological Magazine
147, 690–703.

KERBER, M. 1988. Mikrofossilien aus unterkambrischen
Gesteinen der Montagne Noire, Frankreich. Palaeon-
tographica, Abteilung A 202, 127–203.

LACERDA, H. & BERNARD, A.J. 1984. Existence de
minéralisations plombo-zincifères syngénétiques du substra-
tum cambrien, district des Malines (Gard, France).
Mineralium Deposita 19, 152–157.
DOI 10.1007/BF00204679

LE GUEN, M., ORGEVAL, J.J. & LANCELOT, J. 1991. Lead isoto-
pic behaviour in a polyphased Pb-Zn ore deposit: les Malines
(Cévennes, France). Mineralium Deposita 26, 129–136.

LE POCHAT, G. 1984. Bassins paléozoïques cachés sous
l’Aquitaine. Documents du Bureau de Recherches
Géologiques et Minières 80, 79–86.

LESCUYER, J.L. & GIOT, D. 1987. Les minéralisations Pb, Zn de
Montagne Noire et leurs relations avec leur encaissant
cambrien carbonaté sur quelques exemples du versant Nord
(La Rabasse, Brusque, Lardenas, Peux, Les Comtes) et du
versant Sud (Bibaud, Tête Rousse). Documens du Bureau de
Recherches Géologiques et Minières 120, 1–143.

�+,

��������	
�	��
������	�	�
��	���	��	����



LIÑÁN, E., PEREJÓN, A. & SDZUY, K. 1993. The Lower-Middle
Cambrian stages and stratotypes from the Iberian Peninsula: a
revision. Geological Magazine 130, 817–833.
DOI 10.1017/S0016756800023189

MACQUAR, J.C., MARINI, D. & ROUVIER, H. 1988. Métallogénie
post-triassique dans le district plombo-zincifère des Malines
(Gard). Documents du Bureau de Recherches Géologiques et
Minières 158, 773–802.

MACQUAR, J.C., ROUVIER, H. & THIBIÉROZ, J. 1990. Les miné-
ralisations Zn, Pb, Fe, Ba, F péri-cévenoles: cadre structuro-
sédimentaire et distribution spatio-temporelle, 143–158. In
PÉLISSONIER, H. & SUREAU, J.F. (eds) Mobilité et Concen-
tration des Métaux de Base dans les Couvertures Sédi-
mentaires, Manifestations, Mécanisms, Prospections. Docu-
ments du Bureau de Recherches Géologiques et Minières
158.

MARTÍNEZ CATALÁN, J.R., HACAR RODRÍGUEZ, M.P., VILLAR

ALONSO, P., PÉREZ-ESTAÚN, A. & GONZÁLEZ LODEIRO, F.
1992. Lower Palaeozoic extensional tectonics in the limit be-
tween the West Asturian-Leonese and the Central Iberian
Zones of the Variscan Fold-Belt in NW Spain. Geologische
Rundschau 81, 545–560. DOI 10.1007/BF01828614

MATTE, P. 2007. Variscan thrust nappes, detachments, and
strike-slip faults in the French Massif Central: Interpretation
of the lineations. Geological Society of America Memoirs 200,
391–402.

MICHAUD, J.G. 1970. Le Palézoïque de la partie méridionale du
horst de Saint Bresson. Bulletin du Bureau de Recherches
Géologiques et Minières (2ème) 2(1), 17–26.

MICHAUD, J.G. 1980a. Les gisements de plomb-zinc des Malines
et de Largentière dans les formations carbonatées et
détritiques mésozoïques de la bordure Sud du massif Central
français. Chroniques de la Recherche Minière 454, 36–44.

MICHAUD, J.G. 1980b. Gisements de plomb-zinc du Sud du Mas-
sif Central français (Cévennes – Montagne Noire) et caracté-
ristiques géologiques de leur environnement. Bulletin du Cen-
tre de Recherche et Exploration-Production Elf-Aquitaine 3,
335–380.

MONCERET, E. & MONCERET, S. 2007. Découverte d’un niveau à

Lagerstätte et révision biostratigraphique de la formation de
Pardailhan dans la nappe du Minervois (Cambrien inférieur,
versant sud de la Montagne Noire, France). Bulletin de la
Société d’Etudes Scientifiques de l’Aude 107, 15–30.

ORGEVAL, J.J. & CAPUS, G. 1978. Existence d’un horizon
phosphaté uranifère et thorifère à la base des formations car-
bonatées cambriennes de la région du Vigan (Gard, France);
son remaniement karstique. Comptes Rendus sommaires de la
Société géologique de France 3, 115–117.

ORGEVAL, J.J., CARON, C., LANCELOT, J. & OMENETTO, P.
1997. Facteurs géodynamiques et isotopiques pour la recher-
che de concentrations de métaux de base et précieux:
exemples des Cévennes (France) et Sardaigne (Italie).
Chronique de la Recherche Minière 527, 27–41.

ORGEVAL, J.J., CARON, C., LANCELOT, J., OMENETTO, P.,
GANDIA, A., LIBERTÀ, A., COURJAULT RADÉ, P., TOLLON,
F., LAURENT, P., MALUSKI, H., BÉZIAT, P., SALPETEUR, Y.,
SINI, G., ELTER, F.M. & BARATTO, M. 2000. Genesis of
polymetallic and precious-metal ores in the Western Mediter-

ranean province (Cévennes, France – Sardinia, Italy). Trans-
actions of the Institute of Mineralogy and Metallurgy (Section
B: Applied Earth Sciences) 109, B77–B94.

ORTENZI, A. 1986. Proposition d’un modèle paléogéographique
des Cévennes méridionales au Cambrien. Corrélations avec la
Montagne Noire. Comptes Rendus de l’Académie des Sci-
ences, Paris (série II) 303, 1029–1034.

PEREIRA, M.F., CHICHORRO, M., LINNEMANN, U., EGUÍLUZ, L.
& SILVA, J.B. 2006. Inherited arc signature in Ediacaran and
Early Cambrian basin in the Ossa-Morena Zone (Iberian Mas-
sif, Portugal): Paleogeographic link with European and North
African Cadomian correlatives. Precambrian Research 144,
297–315. DOI 10.1016/j.precamres.2005.11.011

PEREJÓN, A., FRÖHLER, M., BECHSTÄDT, T., MORENO-EIRIS, E.
& BONI, M. 2000. Archaeocyathan associations and sedimen-
tary characteristics of the Gonnesa Group, Lower Cambrian
(Sardinia, Italy). Bolletino della Società Geologica Italiana
39, 257–291.

PEREJÓN, A., MORENO-EIRIS, A. & ABAD, A. 1994. Montículos
de arqueociatos y calcimicrobios del Cámbrico inferior de
Terrades, Gerona (Pirineo oriental, España). Boletín de la Real
Sociedad Española de Historia Natural (Geología) 89, 55–95.

PILLOLA, G.L., LEONE, F. & LOI, A. 1995. The Lower Cambrian
Nebida Group of Sardinia. Rendiconti del Seminario della
Facoltà di Scienze dell’Università di Cagliari, supplemento
volumen 65, 27–60.

PRIAN, J.P. 1979. Caractéristiques des paléoenvironnements des
phosphorites cambriennes du versant septentrional de la
Montagne Noire (Sud du Massif Central), France. Docu-
ments du Bureau de Recherches Géologiques et Minières 24,
93–111.

RUSSO, A. & BECHSTÄDT, T. 1994. Evolución sedimentológica y
paleogeográfica de la formación Vegadeo (Cámbrico Infe-
rior–Medio) en la zona entre Visuña y Piedrahita do Laurel
(Lugo, NO de España). Revista de la Sociedad Geológica de
España 7, 299–310.

SPIZHARSKI, T.N., ZHURAVLEVA, I.T., REPINA, L.N.,
ROZANOV, A.Y., TCHERNYSHEVA, N.Y. & ERGALIEV, G.H.
1986. The stage scale of the Cambrian System. Geological
Magazine 123, 387–392.
DOI 10.1017/S0016756800033483

VANNIER, J., WILLIAMS, J., ÁLVARO, J.J., VIZCAÏNO, D., MON-

CERET, E. & MONCERET, S. 2005. New Early Cambrian
bivalved arthropods from the western Gondwana margin
(Southern France): palaeobiogeographical implications. Geo-
logical Magazine 142(4), 1–13.

VERRAES, G. 1979. Contribution à l’étude de la province métallo-
génique sous-cévenole: les gites Pb-Zn de la Montdardier, la
Sanguinède et 102, district des Malines (Gard), France.
Mémoire du Centre d’Etudes et de Recherches Géologiques et
Hydrologiques, XVII, Montpellier, 1–269.

VERRAES, G. 1983. Etude monographique du district minier des
Malines et de ses environs (province sous-cévenole, France).
599 pp. Thèse scientifique, Université de Montpellier.

VIZCAÏNO, D., ÁLVARO, J.J. & MONCERET, E. 2004. Trilobites
and ichnofossils from a new Lagerstätte in the Lower Cam-
brian Pardailhan Formation, southern Montagne Noire,
France. Geobios 37, 277–286.

�+�

��	������ �����
 ��	��� � ��������� !��	���
�"	��"	 ����
��
��� !��	�
���#�	
�	�!�	$�%&����	' 
�!	�



VON RAUMER, J.F., STAMPFLI, G.M. & BUSSY, F. 2003. Gond-
wana-derived microcontinents – the constituents of the
Variscan and Alpine collisional orogens. Tectonophysics 365,
7–22. DOI 10.1016/S0040-1951(03)00015-5

WOTTE, T., ÁLVARO, J.J., SHIELDS, G.A., BRASIER, M. &
VEIZER, J. 2007. C-, O- and Sr-isotope stratigraphy across the
Lower–Middle Cambrian transition of the Cantabrian Moun-
tains (Spain) and the Montagne Noire (France), West Gond-
wana. Palaeogeography, Palaeoclimatology, Palaeoecology
256, 47–70. DOI 10.1016/j.palaeo.2007.09.002

XIAO, S., HU, J., YUAN, X., PARSLEY, R.L. & CAO, R. 2005. Ar-
ticulated sponges from the Early Cambrian Hetang Formation
in southern Anhui, South China: their age and implications for
early evolution of sponges. Palaeogeography, Palaeo-
climatology, Palaeoecology 220, 89–117.
DOI 10.1016/j.palaeo.2002.02.001

ZAMARREÑO, I. 1972. Las litofacies carbonatadas del Cámbrico

de la Zona Cantábrica (NW Espańa) y su distribución paleo-
geográfica. Trabajos Geológicos, Universidad de Oviedo 5,
1–118.

ZAMARREÑO, I. 1975. Peritidal origin of Cambrian carbonates in
Northwest Spain, 289–298. In GUINSBURG, R.N. (ed.) Tidal
Deposits: a Casebook of Recent Examples and Fossil Coun-
terparts. Springer, Berlin.

ZHOU, C. & JIANG, S.Y. 2009. Palaeoceanographic redox envi-
ronments for the lower Cambrian Hetang Formation in South
China: Evidence from pyrite framboids, redox sensitive trace
elements, and sponge biota occurrence. Palaeogeography,
Palaeoclimatology, Palaeoecology 271, 279–286.
DOI 10.1016/j.palaeo.2008.10.024

ZHURAVLEV, A.Y. & WOOD, R.A. 1996. Anoxia as the cause of
the mid-Early Cambrian (Botomian) extinction event. Geol-
ogy 24, 311–314.
DOI 10.1130/0091-7613(1996)024<0311:AATCOT>2.3.CO;2

�+�

��������	
�	��
������	�	�
��	���	��	����



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 280
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.25000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 280
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.25000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


