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Abstract

The volcanism hosted by the Ediacaran—Terreneuvian Canaveilles Group of the Eastern Pyrenees displays two distinct
geochemical a nities: (1) metabasites of the Nyer and Olette formations re ect the emplacement of a tholeiitic magmatism
linked to extensional conditions, whereas (2) subsequent felsic and calc-alkaline magmatic rocks marking the top of the Olette
Formation and forming the overlying Fabert and Finestrelles members represent Cadomian magmatic events. Based on U-P!
zircon dating constraints, palaeotopographic relationships linked to onlap geometries and distance from vent sources, three
volcanosedimentary edi ces can be distinguished, the so-called Tregura (ca. 565-552 Ma), Cap de Creus (ca. 558 Ma) anc
Coll dAres (ca. 542-532 Ma) edi ces. The top of their palaeoreliefs recorded locally the nucleation of centres of microbial
carbonate productivity (Puig Sec Member) linked to synsedimentary tilting and karsti cation. Throughout West Gondwana,
the presence of carbonate production across the Ediacaran—Cambrian transition is exclusively located in back-arc setting:
(Central-Iberian Zone) and areas far from the Cadomian subduction trench and devoid of signi cant terrigenous input, such
as those reported in the Eastern Pyrenees and the neighbouring Montagne Noire.

Keywords Stratigraphy - Carbonate production - Volcanism - Geochemistry - LA-ICP-MS U-Pb dating - West Gondwana

Introduction Stern2004; Murphy et al. 2004), recording an arc-to-rift
transition (Linnemann et al. 2002008,2014; Alvaro et al.

In West Gondwana, the Ediacaran—Cambrian transition 8014a; Pouclet et a017) by the way of strike-slip and
characterised by the onset and aftermath of the Pan-Africaransform faults (Murphy et al. 1999; Nance et al. 2002; Kep-
and Cadomian orogenies (Ballévre et al. 2001; Kroner angie et al. 2003). Cadomian orogenic events are di erently
recorded in the southwestern (Iberian Massif) and north-
eastern (North-, Central and South-Armorican Domains,
Massif Central and Pyrenees) branches of the Variscan

Ibero-Armorican Arc. A distinct angular discordance is
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recorded in the Iberian Massif (except in the Central-Iberiapress) for the Ediacaran—Cambrian transition of the Eastern
Zone, interpreted as a back-arc setting; Bandrés et al. 2002yrenees. Unfortunately, zircon U-Pb dating of these rocks
Pereira et al. 2011) and in the North- and Central Armoriyielded some confusion in what was considered a handful of
can Domains, whereas the Ediacaran—Cambrian transiti@orrelatable stratigraphic marker beds encompassing a geo-
is conformable in the inner margin of the eastern brancthronological interval of ca. 32 my (580-548 Ma; Cocherie
(Occitan Domain of the southern Massif Central; Alvarcet al.2005; Castifieiras et al. 2008; Casas et al. 2015; Lau-
et al.2014ab; Pouclet et al2017). monier et al. 20154, ¢). Therefore, a reassessment of avail-
As neither Cadomian deformation nor metamorphism haable radiometric ages, completed with new U—Pb dating of
been documented in the Pyrenees, the Ediacaran magmatiicon obtained by LA-ICP-MS, appears to be necessary for
rocks are the single distinct evidence for Cadomian eventmetter understanding the volcanogenic record preserved in
far from the Cadomian suture. Despite the recent publicatiaine Eastern Pyrenees across the Ediacaran—Cambrian transi-
of numerous U-Pb zircon ages (e.g. Cocherie et al. 200&pn. The aim of this paper is to examine the stratigraphy,
Castifieiras et al. 2008; Casas et al. 2015; Laumonier et akedimentology and geochemistry of the volcanosedimentary
20153 b, ¢), the age of some Cadomian-related voleanocomplexes belonging to the uppermost part of the Canaveil-
sedimentary complexes included in the Canaveilles Groules Group in the Eastern Pyrenees. In addition, we provide
remains contentious. In addition, many of their correlationeew U—Pb zircon dating for some of the key volcaniclastic
are still exclusively based on lithostratigraphic comparisongevels that have been arranged in a new updated stratigraphic
The record of Cadomian orogenic pulsations far from sulframework of the Canaveilles Group.
duction sutures (such as those preserved in the Anti-Atlas,
Ossa-Morena Zone and Armorican Massif) is still incom-
pletely understood. In the Eastern Pyrenees, these volcari@eological setting and stratigraphy
genic levels were considered as reliable markers for corre-
lations along short distances, but they are subject to drasfibie Ediacaran—Cambrian volcanosedimentary record of the
facies changes and intertonguing relationships. Pyrenees mainly crops out in the eastern part of the range,
A stratigraphic framework of felsic volcanosedimentaryfrom the Mediterranean Sea to the Noguera-Pallaresa val-
complexes associated with subsidiary basic lava ows anky (Fig.1). The dominance of unfossiliferous ne-grained
centres of carbonate production has been recently propossticiclastic sediments interrupted by marbles and scattered
by Laumonier et al. (2002015a), c) and Alvaro et al. (in igneous rocks has rendered correlation and dating di cult

Fig. 1 Geological sketch of the Eastern Pyrenees. a Simpli ed geological map of the Eastern Pyrenees with location of Pre-Variscan exposures.
b Geological map of the study area; modi ed from Baudin et al. (2008), Laumonier et al. (2015a, b) and Casas et al. (2015)
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(Guitard et al. 1998; Deloule et al. 2002; Laumonier et alTheir respective hames refer to their homonymous strato-
2004; Cocherie et a2005; Castifieiras et &008). types (Figlb). The Pic de la Clape Formation intertongues
The implications of the observed lithostratigraphic vari-northward with monotonous shales and is not recognis-
ation on the geodynamic evolution of the Ediacaran—Canable in the Aspres and Con ent tectonostratigraphic units
brian transition in the Eastern Pyrenees have been recentlig. 2). As a result, the Canaveilles/Jujols contact is not
reevaluated by geological mapping (Baudin et al. 2008distinctly identi ed outside the Puigmal, Vallespir, Roc de
Donzeau et al. 2010; Laumonier et al. 2015a) and the  Frausa and Albera units.
beginning of the “Référentiel Géologique de France” Pro-
gram led by the French Geological Survey (BRGM). These
studies have revealed the existence of several feldspar-ribhaterials and methods
tu s and tu tes (or “micro-granulés”) as well as volcano-
sedimentary bodies (referred in the geological maps as VSThe heterolithic Pic de la Clape Formation has been sampled
VS2 marker levels and the Tregura Formation, respectivelygnd studied at seven localities in the Puigmal unit, which
recognised in the Canigé/Canigou, Roc de Frausa/Franeee, from west to east: Pic de Finestrelles summit, along the
and Albera/Albéres-Cap de Creus tectonostratigraphic unitsad GIV-5265 in the vicinity of Tregura village (locality
(Fig. 1b). sampled by Casas et al. 2015), the Fabert village, the Moll6-
In the Canigé unit, the traditional subdivision of the Edi-Setcases transect, the Pic de la Clape and Tour de Mir sum-
acaran—Cambrian succession into the Canaveilles and Jujotéts, and the Coll d’Ares pass (Fids2).
“series” or groups (Cavet 1957; Laumonier et al. 12964) Geochemical data are based on 17 chemical analyses
re ects an inherited stratigraphic framework that relied orof representative volcanic samples. The major, trace and
the supposed intrusion of Cadomian granitic plutons surare-earth elements were determined using X-ray uores-
rounded by gneissic aureoles. These granitic plutons wecence and inductively coupled plasma mass spectrometry
recently dated as Ordovician, among others, by Cocher{¢CP-MS) at AcmelLabs, Canada. Precision for major, trace
et al. (2005), Castifieiras et al. (2008), Denele et al. (20093nd rare elements is usually better than 2, 5-10 and 3—7%,
Casas et al2010, Liesa et al.Z011), Martinez etal.Z011)  respectively*’SmA4Nd and*3Nd/*4Nd analyses were
and Mezger and Gerdes (2016). In the Canigd and Roc darried out at the CAl of Geochronology and Isotopic Geo-
Frausa units, they intrude the base of the Canaveilles Groughemistry of the Complutense University (Madrid), using a
the so-called Nyer Formation after Alvaro et al. (in press)thermal ionization mass spectrometer (TIMS-Phoenix) with
This formation consists of a micaschist-dominant succesdata acquired in multidynamic mode. Isotopic ratios were
sion locally punctuated by subsidiary marbles, felsic tu smeasured on a subset of whole-rock powders (for a detailed
and metabasites (Guitard and La tE956; Guitard 1970; description of the analytical procedure followed in this lab,
Ayora and Casas 1986; Casas et al. 1986; Laumonier et ake Reyes et al. 1997). The isotopic standard for Nd (JNdi-
1996,2004). The Nyer Formation is overlain by the Olettel) is that of Tanaka et al. (2000). The &ror of ratios is
Formation (Alvaro et al. in press), a monotonous shaly sue:0.006%.
cession with interbedded feldspar-rich tu s (VS2 sensu Lau- Zircon was separated from fresh volcanogenic samples
monier et al. 20154d, c). The latter yielded variable U-Pb by rock grinding using a steel crusher. The resulting-pow
zircon ages, ranging from 575:8.6 Ma in the Puigmal ders were sieved in the range 50-250 um. Grains were rst
unit (Casas et al. 2015) to 548 Ma in the Roc de Frausa separated using heavy liquid (sodium heteropolytungstates
unit, and 56@& 11 Ma in the Cap de Creus unit (Castifieiras2.85 g cn? density), then using a Frantz magnetic separator.
et al. 2008). Despite the di erent U-Pb methods used byFollowing Slama and Kosler's (2012) recommendations, the
the authors, these ages suggest a protracted and epischbtected grains were obtained from random hand-picking
volcanic activity throughout the Ediacaran. under binocular microscope whatever their size, shape, or
In the Puigmal unit, the middle and upper parts of theolour in order to avoid any operator bias. They were nally
Olette Formation are marked by the occurrence of metre- et in an epoxy resin puck and polished to expose their core.
hectometre-thick volcanic and volcanosedimentary units, U—Pb dating of zircon was determined by laser ablation
surrounded and capped by the shale-dominated Jujols Groumgluctively coupled plasma mass spectrometry (LA-ICP-
(Fig. 2). Due to the proliferation of local toponymies to dif- MS) at the Geosciences Laboratory in Rennes using a ESI
ferentiate local lithostratigraphic terms (Laumonier et aINWR193 UC excimer laser coupled to a 7700x Agilent
1996,2004,2015a,b, c), we propose to hame this volcanic quadrupole ICP-MS. Details for the operating conditions and
and volcanosedimentary complex the Pic de la Clape Fothe raw data treatment can be found in Manzotti et al. (2015)
mation (stratotype at its homonymous hill: 4222364 K;  and in the Supplementary Data 1. All data and analytical
2°2640.99 E), and to subdivide it, from bottom to top, into results are plotted in Tera-Wasserburg diagrams. Ages were
the Fabert, Finestrelles, and Puig Sec members 2ig. calculated using the Isoplot 3.75 software (Lud2@i?2).
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Fig. 2 Chronostratigraphic geometries of the Canaveilles Group ifFIN11 Finestrelles Member at Finestrelles summit (55&® Ma,

the Variscan/Alpine tectonostratigraphic units of the Eastern Pyithis work), MB Mas Blanc gneiss (56&.7.2 Ma, Castifieiras et al.
enees, with neither palaeogeographic arrangement nor geochronologB08), P Port gneiss (55384.4 Ma, Castifieiras et al. 200§)C5

cal setting of granitic gneisses; logs reported in the text: 1—Pic deinestrelles Member at Pic de la Clape summit (5439 1.3 Ma,

la Clape, 2—Coll d'’Ares/Tour de Mir, 3—Fabert/Moll6, 4—Tregura/ this work), PC11 Fabert metarhyolite at Pic de la Clape summit
Setcases, 5—Finestrelles; maximum depositional ages of volcanicla®32.9+6 Ma, this work)RF3 548.4 8.4 Ma (Castifieiras et al.

tic breccias and orthogneiss&C Balma Corba gneiss (533 Ma; 2008); TG Finestrelles Member at Tregura (578, 570t 10 and
Laumonier et al. 2015c;C Cap de Creus volcanosedimentary com-568+ 6 Ma; Casas et aR015) recalculated at 569, 55% 9 and

plex (560t 11 Ma, Castifieiras et al. 2008; 568 Ma; Casas et al. 552+ 10 Ma, respectively (this work); PC, Pir, Pyr samples referred
2015) including breccias from Cap Cerbére and Col d'Oleda, CC08s in the text and selected for geochemical analyses, cB col de Bany
01 Cap de Creus tu (573 Ma, Casas et al. 2015FA Fabert  uls marble, cN Cap Norfeu marble; sample GRA1 from the Vallespir
metarhyolite at Fabert (55%%9.0 Ma, Laumonier et ak015b),FAl unit (580t 10 Ma, Cocherie et al. 2005) in need of revision and not
Fabert metarhyolite at Fabert (559+10.75/ 1.35 Ma, this work),  represented here

The mean square weighted deviation (MSWD) is a statistioest representativity of the detrital zircon populations. For
index that ideally should return a value around 1 in ordethe volcanic samples, more than 50 grains were analysed,
to consider a date as accurate (Wendt and Carl 1991).fdllowing Bowring et al.’s (2006) suggestion. Ages of tu s
MSWD >1+2(2/f*2at 2 , where fis the degree of freedom were calculated using the Tu Zirc Age algorithm (Ludwig
(Wendt and Carl 1991), the calculated date has to be coand Mundil 2002) and compared with their respective con-
sider as meaningless. In the case of U-Pb dating, fL, cordia ages.
where n corresponds to the number of analyses used to cal-
culate a date (Spencer et2016).

Probability density plots are built using density plotterFacies associations
(Vermeesct2004).2°’PbP%%Pb ages are used for U-Pb anal-
ysis giving an age older than 1000 Ma wheré88bf%®U  As stated above, the Pic de la Clape Formation is a het-
ages are preferred when the data yield ages younger tharlithic succession composed, from bottom to top, of the
1000 Ma. In this study, we kept only the analyses that wergabert, Finestrelles and Puig Sec members Zridpespite
90-110% concordant for the probability density plots. Théheir moderate to strong Variscan deformation and green
depositional ages are only calculated if at least 3 concordchist-to-amphibolite facies metamorphic overprint, primary
ant analyses obtained on three di erent grains return thiabrics and textures remain locally preserved. Their facies
same apparent age within error, as proposed by Dickins@md sedimentological interpretations are documented below.
and Gehrels (2009), in order to ensure a statistically robust
estimate of the maximum depositional ages. In sedimen-
tary rock samples, about 110 grains were analysed to get the

13



International Journal of Earth Sciences (2018) 107:1579-1601 1583

Fabert Member and facies, interlayered on a 10-100 m scale and display
ing complex interfingering relationships. Heterolithic
The Fabert Member consists of bedded metarhyolites, wlcaniclastic breccias are the most characteristic facies,
to 50 m thick. Initially described by Guitard and Late which typically occur as thick (20 m), matrix-supported
(1956), they crop out in the Puigmal unit, from the vicinityand structureless units separated by thifh (&) clast-sup-
of Fabert village to the Pic de la Clape summit. Initiallyported volcaniclastic breccias, and tu aceous sandstones
named “gneiss granulé” by Guitard and Laffite (1956)and siltstones. Breccias €56% blocks) contain angular-
Guitard (1970 described this unit as a metamorphic rockto-subrounded volcaniclasts, centimetric to pluridecimetric
derived from a volcanic or volcanosedimentary protolithjn size. Clasts are polygenic and dominated by unsorted,
displaying a lapilli structure and a high-to-medium con-composite (polyphasic) volcaniclasts, although carbonate,
tent inSiO, (~64%; Guitard 1970). Subsequently, the termsandy and shaly clasts are locally abundant. The tu aceous
“gneiss granulé” has been broadly used for the description ofatrix is rich in subrounded quartz and feldspar-rich silt-
these and other felsic volcanosedimentary levels with simitone, irregularly cemented with sparry calcite and dolomite
lar macroscopic aspect interbedded within the Canaveilld§ig. 3d—f). Rusty rhyolitic clasts are common in the lower
Group (Ayora and Casas 1986; Casas et al. 1986; Cirés etpért of the member suggesting local reworking and erosion
1995; Laumonier et alL996,2004). of a rhyolitic basement (Fabert Member).
The lenticular-shaped rather massive rock-unit inter Despite the massive aspect of the breccias, distinct intra-
tongues toward NE and SW with shales. At the Pic de lareccia scouring contacts are locally common, although their
Clape summit, it contains rare intraformational brecciatespective chronostratigraphic gaps are uncertain. They are
ne- to medium-grained arkose, black shale and basic laveapped by heterolithic lags exhibiting normal grading. The
ow interbeds. The latter are the source of some ma c classharp scouring base of some breccias and litharenitic sand-
lags lining scouring contacts. Similar metarhyolites, includstones is highlighted by the presence of rip-up clasts sourced
ing some metabasite interbeds, have been described in fihem interbedded shales. At the Pic de Finestrelles summit,
underlying Nyer and Olette formations of the Canaveillesome metre-scale volcaniclastic breccia and tu aceous sand-
Group, but their age and relationship with their host roclstone strata ne upward and are interrupted by laminated
remain uncertain (Ayora and Casas 1986; Casas et al. 19&#ale interbeds, up to 0.5 m thick. Fine- to medium-grained
Navidad et al. 1996; Navidad and Carreras 2002; Castifieiritharenitic interbeds are poorly sorted, lenticular in shape
et al.2008). Although some massive and lenticular expoand display cross- to low-angle strati cation and parallel
sures exhibit features of a rhyolitic dome emplacement, thaminae (Fig.3c). In the vicinity of Tregura village and at
Fabert Member may locally represent fallout deposits thaic de Finestrelles summit, several decimetre-thick4inter
accumulated with minor local soft-sediment deformationbeds are volcaniclastic-rich to pristine sparry limestones,
They accumulated too rapidly to allow ash to settle from thgrading both laterally and vertically into litharenites rich
water column or be redistributed. In contrast, the subsidin sparry (poikilotopic) calcite and dolomite cement. In the
ary breccia and arkose interbeds represent interruptions bgme areas, the uppermost part of the member contains sub-
lesser debris- ow and substrate remobilization. The shaleounded carbonate granules and boulders (up to 2 min size)
interbeds mark inter-eruptive, background sedimentation.” oating” in a shaly-to-tu aceous matrix (Fig3g). Some
carbonate boulders show injection dykes in lled with host
Finestrelles Member sediment. In contrast, between Fabert village and the Pic de
la Clape summit, the volcanoclastic breccias and tu aceous
The Finestrelles Member is heterolithic and up to 500 nsandstones are free of carbonate matrix and clasts. Glassy
thick in the Puigmal unit. It is not stratiform but displaystextures (ammes or shards) have been locally described
an irregular geometry: its base (para)conformably overliegear Tregura (Casas et 2015).
either the Olette Formation or the Fabert Member, and its The dominant massive and structureless, matrix-sup
top is onlapped by both the Puig Sec Member and the Jujgerted fabric of the Finestrelles Member, containing poorly
Group (Fig.2). The member is a volcanosedimentary comsorted, angular to subrounded, polygenic and polypha-
plex made up of volcaniclastic breccia, tu aceous sandstongic clasts, and local presence of ma ¢ and rusty rhyolitic
and siltstone, and is locally punctuated by shale, litharenitgasts are consistent with a deposition from volcaniclastic
and pristine-to-volcaniclastic limestone interbeds (Bag. debris ows. The uidal-pumiceous or amoeboid clasts
c). Thicker beds are dominated by volcaniclastic breccisgnd ammes described by Casas et al. (2015) inside some
whereas the remaining facies are more abundant in the thivelcanoclastic breccias are considered as characteristic of
ner lenses. high-temperature emplacement of pyroclastic deposits (Bull
Lithofacies and their distribution are overall heterogeneand McPhie 2007). Carbonate boulders displaying injection
ous, with exposures characterised by varying compositiordykes in lled with host sediment attest that these clasts were
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Fig. 3 a Weathered breccias of the Finestrelles Member at Tregundrising scattered quartz and feldspar phenocrysts at Finestrelles sum-
village. b Field aspect of the Finestrelles unsorted breccias at Tregurait; parallel light and cross polarised light, respectively. g Limestone
village (d, e) and Finestrelles summit (€.Trough cross-stratied granule showing alternations of microsparite (ms) and sparry crusts,
sets of tu aceous sandstones at the Finestrelles stratotype. d Thipartially surrounded by micrite (m), encased in a volcanosedimentary
section photomicrograph of schist clasts derived from the underlyingatrix (v); Finestrelles. h Feldspar-rich tu (“granulé”) embedded in
Olette Formation exhibiting crenulated cleavage and embedded inshales at Finestrelles summit

tu aceous silty matrix at Tregura village. e, f Sparry limestone com-
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not yet lithi ed during deposition. Although the presence of This facies association represents the establishment of
euhedral or broken single crystals suggests that these deppsritidal environments, rich in microbial mats and bio-

its were originally deposited as pyroclastic debris (Big, Ims, episodically submitted to subaerial exposure, karstic
the nal facies association points to reworking before theiemplacement and synsedimentary ssuring; fenestrae and
de nitive subaqueous deposition. birdseyes are interpreted as a release of uids by organic

Such kind of syneruptive, resedimentary (“cannibalistic’)decay. The interbedded limestones found in Moll6 village
deposition re ects slope-related, downslope instability fromand the lower part of Coll d’Ares pass point to episodic
the site of eruption and episodes of mass-wasting volcandevelopment of shoal barriers protecting the peritidal envi-
explosive eruptions. Dominance of volcaniclastic debris imonments. As a result, a retrogradational trend of shoal bar
resedimentary syneruptive units with abrupt vertical and latier complexes protecting (back-barrier) peritidal environ-
eral facies changes and their overall poorly bedded natureents can be suggested migrating centripetally throughout
prone to mass-wasting and reworking of pyroclastic debrielevated areas of the composite palaeoreliefs formed by the
Slope aprons may be associated with active syndepositiorathove-reported Finestrelles Member.
faulting in the vicinity of volcanic centres recording alterna-
tion of explosive (felsic) and calm (ma c) emplacements in
a marine setting. Magmatic a nity of volcanic products

The presence of both interbedded pristine-to-volcaniclas-
tic limestones and tu aceous sandstones rich in calcite/doldseventeen new geochemical analyses from the entire
mite cements points to episodic development of carbonateanaveilles Group (Tabl&) are compared with those
productivity, subsequently interrupted by syneruptive pulsareported by Navidad et al. (1996) for the Roc de Frausa and
tions. Locally, the Finestrelles Member contains reworkedNavidad and Carreras (2002) for the Canigé units, sampled
(subrounded) carbonate granules and boulders linked to theross the Nyer and Olette formations (in the gures, these
contemporaneous development of carbonate factories leagamples are referred to Nyer—Olette*). Unfortunately, the
ing to the onset of irregular palaeoreliefs capped by centresratigraphic control of some samples analysed in the lat-
of carbonate production (both older and laterally equivalerter works is not well constrained and complete descriptions
to the carbonate-dominated Puig Sec Member, describedout their relationship with the host rock (lava ow, sill
below), then destabilized by tectono-volcanic events andr dyke) and their pre-, syn- or post-Sardic setting are not

included in the debris avalanche deposits. available. As a result, the dataset of Navidad et al. (1996)
and Navidad and Carreras (2002) should be considered with
Puig Sec Member caution. Geochemical analyses from the Nyer Formation of

the Cap de Creus unit (Casas et al. 2015) are referred in the
The member, up to 180 m thick, consists of massive to bedyures to Nyer**. In order to check the validity of published
ded, locally dolomitized limestones and marbles. It appeadata, we sampled again the lower part of the Canaveilles
in the Puigmal unit, from Mollé village to Pic de la ClapeGroup in the Roc de Frausa unit (samples Pir and Pyr).
summit (Fig.1b). The main features are the abundance of
fenestral and birdseye-rich fabrics (with primary porositiesVla ¢ rocks
cemented by drusy and equant calcite cements) interrupted
by polygonal mudcracks and tepee structures in lled withMetabasites are represented by some basalt and basaltic
brownish silty sediment (Figla—c). Karstic pockets in lled andesite lava ows and sills interbedded in the Nyer For
with brownish marlstones rich in illite (after XRD analysis) mation and the lower part of the Olette Formation from
and intraformational breccia, crosscut with synsedimentarthe Puigmal, Roc de Frausa and Cap de Creus units, and a
ssuring, are signi cant in the Coll d’Ares pass and the Picbasaltic andesite (according to the classi cation of immo-
de la Clape and Tour de Mir summits (Ffgl—g). Sub- bile elements; Pearce 1996émbedded within the Fabert
sidiary sparry layers and peloidal-intraclastic wackestonedlember at the Pic de la Clape summit (PC6 in ba).
packstones show parallel to low-angle laminae. Microstron this diagram, all samples plot in the subalkaline eld
matolitic lamination is locally interrupted by clotted tex- (Fig. 5a). SiO, content ranges from 41 to 54 wt% (samples
tures mimicking complex cauli ower-like microbial textures with SiO, values> 52% are included because alteration may
(Fig. 4h). In contrast, in the lower part of Coll d’Ares passhave masked their original composition). The Nyer, Nyer**
and in the vicinity of Moll¢ village, the bedded limestonesand Nyer—Olette* sets are metaluminous (A/GNK81 and
display interbedded lenses with scouring contacts and gra@-76, respectively), whereas the Fabert set is peraluminous
ing of intraclastic rip-up clasts, up to 1.2 m thick. These bed@\/CNK =2.63).
exhibit trough and planar cross-bedding, and low-angle and Following the AFM diagram of Irvine and Baragar
parallel laminae. (1971), most mafic samples plot in the tholeiitic field
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Fig. 4 Sedimentary structures preserved in the Puig Sec member @f-to-conglomerate intraformational in ll. g Thin-section photomi-

its stratotype of Coll dAres. a Fenestral limestone exhibiting paralletrograph of microstromatolitic laminations alternating with peloidal
laminae.b Fenestral limestone with disturbed pockets (false orangepackstones, overlying intraformational breccias and locally a ected
in lled with contorted and intraformational breccia. ¢ Arrowed con- (g) by synsedimentary ssuring; top on the left. h Thin-section pho-
tact of breccia in Il crosscutting the pristine fenestral limestone. dtomicrograph of microbial limestones from the Puig Sec Member
Karstic cavity complex of the Puig Sec Member at its stratotype oét Tour du Mir section with clotted textures outlined with microbial
Coll d'Ares with sealed top (arrowed) and lower digitatiand.Brec-  crusts (darker) forming cauli ower-like fabrics
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Fig. 5 Geochemical features of the Ediacaran rocks from thehat allows distinction between calc-alkaline and tholeiitic magmatic
Canaveilles Group, Eastern Pyrenees. a Petrological classi cation skries; (*) Nyer and Olette formations from Roc de Frausa (Navidad
Pearce (1996; modi ed from Winchester and Floyd 1977) based oat al. 1996; Navidad and Carreras 2002), (**) Nyer Formation from

immobile elements. b AFM diagram of Irvine and Baragar (1971)Cap de Creus (Casas et al. 2015)

(Fig. 5b), whereas sample PC6 (Fabert Member) plots in thehows moderate fractionation of LREE/HREE with average
calc-alkaline eld, and some samples from the Nyer—Olette{La/Sm), = 1.86 and (Gd/Yh) = 1.44, and no Eu anomalies
set in both elds. A chondrite-normalised plot of basalts(Eu/Eu* = 1.07) suggesting little plagioclase fractionation.
(Sun and McDonough 1989) reveals a subdivision of th&he Nyer—Olette* assemblage shows similar average values
dataset into two assemblages (f6ig): one with less LREE of (La/Sm), = 1.68 and, (Gd/Yh)= 1.37 and lower frac-
fractionation (Nyer set) and another one displaying higheionation patterns of plagioclase with Eu/Eu* = 0.92. The
fractionation features including the Fabert basaltic andesiteabert Member displays greater LREE fractionation patterns
and the basalts from Nyer—Olette*. The Nyer assemblageith average (La/Sm)= 3.02 and (Gd/Yh) = 1.44, which

Fig. 6 a Chondrite-normalised REE patterns (normalised to Sun and McDonough 1989) for Ediacaran ma ¢ rocks. b Multi-element diagram
normalised to Primitive Mantle of Palme and O’Neill (2004) for Ediacaran ma c rocks; legend as Fig. 5
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may indicate crustal participation in the magmatic source
The nearly at pattern exhibited by the HREE chondrite-
normalised dataset of all samples suggests an intermedi
crustal source, without garnet.

In the multivariate (or spider-diagram) diagram (fig),
all samples display a negative anomaly in Nb, which coul
indicate crustal participation in its genesis. The Fabert Men
ber and the Nyer—Olette* assemblage show negative anol
alies in Sr, indicating plagioclase fractionation, wherea:
the Nyer samples show positive anomalies suggesting 1
plagioclase fractionation in the melt. This di erence may
indicate a greater crustal participation in the evolution of th
source magmas for the Fabert Member and the Nyer—Olett
assemblage than in the Nyer association.

The volcanism of the Fabert Member displays value
close to the Upper Continental Crust (UCC) of Rudnick ani
Gao (2004) in the La/Nb, Th/Nb, Th/La and Th/Yb ratios,
but values close to the Lower Continental Crust (LCC) ir
the La/Yb, La/Sm, Nb/Y, Zr/Nb, Th/Yb and Nb/Yb ratios
(Fig. 7a), re ecting a possible crustal contamination at
their origin. In contrast, the Nyer assemblage is closer t
the Lower Continental Crust of Rudnick and Gao (2004)
whereas the La/Yb, La/Sm and Gd/Yb ratios are close 1
enriched sources (EMORB of Sun and McDonough 1989
The Nyer—Olette* assemblage also presents values closet
LCC but with some variations: they show enrichments fo
the Eu/Eu* and La/Nb ratios and depletions for the Nb/Y
and Nb/Yb ratios (see Figa; Tablel).

In the tectonic discrimination diagram after Wood
(1980) (Fig.8a), all the basic members plot in the arc-basal
domain. In the Th/Yb vs. Nb/Yb tectonic discriminant dia-
gram after Pearce (2008) (F&b), a crustal input via sub-
duction into the source of melts may be suggested, repr
sented by an array displacement to higher Th/Nb ratios. Tt
Fabert sample (PCB6) is displaced toward a more continent
eld. Finally, in the TiO,/Yb vs. Nb/Yb diagram (Pearce
2008; Fig.8c), the Fabert sample shows an E-MORB a n-
ity, whereas the remaining samples (Nyer and most ¢
Nyer—Olette* samples) display great@0./Yb ratios that
could indicate deeper melting.

Felsic and intermediate rocks

. . . . Fig. 7 Chondrite-normalised isotope ratio patterns (Sun and McDon-
Rocks of felsic to intermediate composition represent thgygh 1989) for standard comparison. a Mac rocks. b Felsic and
most abundant and extensive manifestation of the Cadtermediate rocks. Blue area: limits of continental crust values
mian magmatism in the Pyrenees. They are located in tffgower and Upper) of Rudnick and Gao (2004); legend as Fig. 5
uppermost part of the Nyer Formation (including the Nyer*
and Nyer—Olette* dataset) and in the Fabert and Finestrellp#ot in the subalkaline eld of the Pearce’s (1996) diagram
members (Pic de la Clape Formation) of the Cap de Cre(Big. 5a), and in the calc-alkaline eld of Irvine and Baragar
and Puigmal units. They are oversaturateSi@®, with con-  (1971) (Fig.5b).
tents ranging from 54 to 75 wt% (Taldle Most of them In the chondrite normalised diagram of Sun and McDon-
are peraluminous, with A/CNK ratios varying between 1.0®ugh (1989), the Fabert and Nyer** data present the most
(Nyer—Olette*) and 1.71 (Fabert Member). These rocké$ractionated values, with (La/Spgverage 3.12 and 3.37,
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Fig. 8 Tectonic discriminating diagrams a Th-Zr-Nb ternary tectonic diagram of Wood (1986)Yb vs. Nb/Yb of Pearce (2008)TiO,/ Yb
vs. Nb/Yb of Pearce (2008); legend as Fig. 5

respectively. The Nyer*, Nyer—Olette* and Finestrelles setkower Continental Crust. The Nyer—Olette* set displays
present similar values, with (La/Sggverage =2.56, 2.68 enrichment in the La/Nb and Th/Nb ratios and depletion
and 2.94, respectively. All of them show strong Eu negativin the Th/La and Nb/Y ones by comparison with the Upper
anomalies (Fig9a, b), indicating plagioclase fractionation. Continental Crust (Figrb; Tablel).
This may be linked to a crustal origin characterised by a The geochemical characterisation of the tectonic setting
negative anomaly, albeit a relationship with ma ¢ magmgFig. 9c, d) is not straightforward, as the dataset overlaps
fractionation cannot be ruled out. The latter interpretatiofoth the anorogenic and orogenic elds in the Pearce etal.’'s
would be supported by its high content in Z2G0 ppm in  (1984) diagram. The geochemical signature in the Zr vs.
almost all sets of rocks, except in Nyer—Olette*, where it iFi0, diagram is not distinct: most samples plot in the arc
190 ppm). association, whereas a sample from the Olette Formation
Average values of the nearly all sets (excep{LPT2) plots in the extensional eld. All the geochemical
Nyer—Olette*) show values close to the average Upper Crusharacters outlined above suggest that these rocks were
of Rudnick and Gao (2004), except for the (La/afd (La/ mainly derived from a continental crustal source, although
Sm), ratios, which are close to those characteristic of the
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Fig. 9 Geochemical features of the Ediacaran felsic and intermedi©’Neill (2004) for Ediacaran felsic and intermediate rocks. ¢ Tectonic
ate rocks from the Canaveilles Group. a Chondrite-normalised REHiscriminating diagram Yb vs. Nb of Pearce et al. (1984)ectonic
patterns (normalising values from Sun and McDonough 1989). discriminating diagram (Zr vsTiO,) of Syme (1998); legend as
Multi-element diagram normalised to Primitive Mantle of Palme andFig. 5

they display some features that evidence a more importat’SmA*Nd = 0.15) proposed by Stern (2002) as suitable

lithospheric in uence. to perform Nd F, calculations. The Sm—Nd isotopic data
obtained from the metabasites are given in Taldad plot-
Sm-Nd isotopic data ted in Fig.10. Ages (tfor the Nd were estimated according

to stratigraphic and structural features, while the epsilon cal-
The Sm—Nd isotopic system is a good indicator of the origieulations were done following the formulas of DePaolo and
nal composition of the rocks because their elementary di¥¥asserburg (1976) and DePaolo (1981). It is remarkable the
tribution is not signi cantly a ected during sedimentary, small amount of analyses available and the fact that absolute
diagenetic and/or metamorphic processes (McCulloch arafjes are only available for felsic rocks, the ages of the meta-
Wasserburd 978; Arndt and Goldstein 1987), albeit somebasite protoliths being still unknown. We choose a similar
values (samples PIR100 and PC22) are above the upper lirkitdiacaran age for the metabasaltic lava ows interbedded in
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Fig. 10 Nd vs. age diagram

for the Ediacaran magmatic
rocks of the Pyrenees; depleted
mantle evolution calculated
according to DePaolo (1981);
DM Depleted Mantle, CHUR
Chondritic Uniform Reservoir;
see stratigraphic setting of
samples in Fig. 2

the lower part of the succession, although the protolith age @fap de Creus unit, and4.0 and 4.6 in the Puigmal unit
the plutonic metabasites remains unresolved and a youngdregura), with TDM ages ranging from 1.12 to 1.6 Ga. This
pre-Variscan (Ordovician?) age cannot be completely ruledataset may be interpreted as the result of variable mixing of
out. Further geochemical and geochronological studies apeustal components as it has already been described in other
needed in order to resolve this issue. The reference age usedas of the European Variscan Belt, such as the Bohemian
for the emplacement of the basanite embedded in the Fab&tassif, where felsic igneous rocks provide Nd values between
Member is 542 Ma, and 559 Ma for the basalts of the Nyer 3.3and 7.9 ( 3.3to 5.0 by Linnemann and Romer 2002,
Formation. The analysed rocks sht¥&m/A4/Nd ratios var and 4.9 to 7.9 by Mingram et al. 2004). These authors
ying from 0.1605 to 0.1217. The higher values corresponihterpreted the corresponding Mesoproterozoic (between 1.6
to the samples from the Nyer Formation and the lower onesd 1.9 Ga) TDM ages as the result of the mixing of Palaeo-
to those from the Fabert Member. Samples from the Nygaroterozoic—Archean and Neoproterozoic crustal portions.
Formation show positive Nd(t) values ranging frorb.® to
+ 2.1 andTp), ages from 0.77 to 1.25 Ga (Pirl3 and Pir100
samples, respectively). The basaltic andesite embeddedh-Pb zircon dating
the Fabert Member (PC6) yields a negative value 28
and aTpy age of 1.35 Ga. Therefore, the Nyer volcanicsA revision of previously published U-Pb zircon ages and
yields a much more primitive isotopic signature than tha selection of key volcanic levels are documented below in
Fabert volcanics, with a negativlld(t) value indicative of order to reconstruct the geometrical relationships of their
signi cant crustal contamination at its source. volcanosedimentary bodies.

The Sm—-Nd isotopic data obtained from the top of the
Olette Formation are given in Tadleand plotted in Figl0.  Revision of available radiometric ages
The reference age considered for the emplacement of the
rhyolitic pulses is 559 Ma, according to DePaolo’s (1981 Puring the last two decades, the following U-Pb zircon dat-
equation. The analysed rocks shd¥&mA4/Nd ratios vary  ing studies (LA-ICPMS and SIMS) have been performed in
ing from 0.1519 to 0.1448 (PC22 and PC21, respectively)he Canaveilles volcanic and volcanosedimentary deposits
They show moderately negative Nd values ranging from 0.@reserved in the Puigmal and Cap de Creus units.
to 1.2 andTpy, ages varying between 1.31 and 1.55 Ga.

These values suggest crustal contamination at its source.s The rst U-Pb (SIMS) dating yielded an average age of
This isotopic dataset can be compared to the results 580+ 10 Ma (MSWD =2.2; sample GRA1, n=8/19) for
obtained by Casas et al. (2015) for the felsic metavolcanic some metarhyolitic layers (VS1 sensu Laumonier et al.
rocks from the Nyer** Formation and the Finestrelles Mem- 2004) interbedded in the Nyer Formation of the Vallespir
ber, with Nd(t) values ranging betweer0.6 and 4.3 in the unit (Cocherie et al. 2005). According to Wendt and Carl
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(1991) and Spencer et al. (2016), the resulting MSWIand Archean inherited dates. Using the 25 youngest con
value of 2.2 is slightly too high (as it should not exceedaordant dates, we obtain a Concordia date of 558.9 Ma

2). In addition, this age was calculated after excludingMSWD =0.29 at 2; Fig. 13). The TuffZirc algorithm

the two youngest (perfectly concordant) zircon analyseseturns a date of 559#11.75/ 1.35 Ma (N=50/104;
interpreted by the authors as resulting from a slight PBig. 13), within error with the Concordia date that we con-
loss; and the eight analyses used for the age calculatisiter as the depositional age for this sample. This age is iden
were either poorly concordant or slightly discordant, thusical within error with the age of 55%t9.0 Ma obtained by
needing a re-evaluation. Laumonier et al. (2015b) on the same metarhyolites.

* In the Puigmal unit, one metatu interlayered in the PC5 was sampled at the Pic de la Clape summit. Forty
schists of the Olette Formation was dated using SHRIMBeven of the 60 analyses ard 3% discordant. The den-
(SIMS) at 548.4 8.4 Ma (sample RF3, m7/11; sity distribution curve (Figl2) shows one distinct single
Castifieiras et ak008) with a MSWDB- 0.73. peak at ca. 542 Ma with scattered Proterozoic inherited

* The Finestrelles Member was previously dated by Casakates. Using the 5 youngest concordant dates 1Bigwe
et al. (2015) on samples collected in the vicinity of theobtain a concordia date of 542.8.4 Ma (MSWD= 0.35 at
Tregura village, who interpreted them as ignimbrites2 ). The TuffZirc algorithm returns a similar date at
These outcrops have been reinterpreted above as volcabi#2.9+ 5.0/ 1.30 Ma, using 33 of the 47 dates (33/47;
clastic breccia-dominated aprons made up after reworlEig. 13) that we interpret as the depositional age (F2J.
ing of ignimbritic deposits. In addition, the method
used by the authors to separate their zircon grains dd The volcanosedimentary breccia and tu aceous sandstone
not follow the recommendation of Slama and KoSler of the Finestrelles Member have been sampled at the Pic de
(2012), as they deliberately selected the most pristine Finestrelles (FIN11) and Pic de la Clape (PC11) summits,
grains (see p. 915). We propose here to reconsider the in order to compare their respective maximum depositional
zircon distribution of the three samples from the Puig- ages yielded for these samples and those of the same mem-
mal unit (TG0701-02-03 of Casas et al. 2015) based ber in the vicinity of Tregura (Casas et2015).
on the sedimentary slope-related mixing recorded by
the involved ignimbrites. We suggest instead recalcu- In the tu aceous sandstone FIN11, 109 of the 111 analy
lating the age as a maximum (re)depositional age arsks were kept for statistical analyses (concordancy between
propose, based on the three youngest, concordant aB@-110%). The density distribution curve (Fig) shows
equivalent dates within error, using the mean weightedne main peak at ca. 610 Ma, with 5 other secondary peaks at
average age: TG0701=559+9, TG0702=552+10 anda. 560 Ma, 785 Ma, 970 Ma, 2.5 Ga, 2.7 Ga, the remaining
TG0703=565+9 Ma. data de ning discrete Proterozoic and Archean dates. The

* In the Cap de Creus unit, some decimetre-thick trachthree youngest concordant dates, ranging between 554 and
yandesitic meta-ash tu s are located at the bottom 0557 Ma, yield an averag@Pb?3U date of 556.& 6.9 Ma
the Nyer Formation (CC08-01, 528 Ma: Casas etal. (MSWD =0.42; Fig.13), which is considered as the maxi-
2015, whereas metre-scale metatu s crop out at the topnum depositional age (Fig?2).
of the Olette Formation (CC08-08, 558 Ma: Casas In the breccia sample PC11, 124 of the 140 analyses
etal.2015). were kept for statistical analyses (concordancy between

90-110%). The density distribution curve (Fig) shows
one main peak at ca. 537 Ma, with six other secondary peaks

New U—Pb dating at ca. 600 Ma, 710 Ma, 780 Ma, 830 Ma, 910 Ma, 2.5 Ga, the

remaining data de ning discrete Proterozoic and Archean

Four samples have been dated by LA-ICP-MS during twdates. The four youngest and most concordant dates, rang-

separate analytical sessions (Hifj; Repository Data 2):  ing between 525 and 539 Ma, yield an averd3eb?8U

date of 532.9+ 6.0 Ma (MSWD =0.77; Fig3), which is

* Two metarhyolites from the Fabert Member in the Puigconsidered as the maximum depositional age (Y.
mal unit were sampled to obtain their depositional age:

FA1 and PC5.
Geometry of the volcanosedimentary
FAL1 was sampled at the stratotype (near the Fabert tatomplexes

rent). One hundred and thirteen analyses have been per

formed out of which 104 are #0% discordant. The density We propose here a new model for the Cadomian volcanosed-

distribution curve (Figl2) shows one distinct single peak atimentary evolution recorded in the Eastern Pyrenees, based

ca. 560 Ma, whereas the remaining data relate to Proterozain the sedimentary, geochemical and geochronological data

13
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Fig. 11 Example of CL-
imaging for analysed zircon. a
Sample FA1. b Sample PC5.

¢ Sample FIN11. d Sample
PC11; scale bars 50 um; zircon
numbers (ZRxx) and ages from
supplementary tables

reported above. At a rst order, abrupt lithofacies changeeelationships linked to onlap geometries and distance from
and pinch-and-swelling (or lenticular) geometries suggestources (from near-vent to distal areas), the so-called Tre
signi cant modi cations of transport and depositional pro- gura (ca. 565-552 Ma), Cap de Creus (ca. 558 Ma) and
cesses over short distances from vent sources. Coll dAres (ca. 542-532 Ma) edi ces (Fig). The Tregura
Although the Fabert Member was previously interpreteedi ce comprises three disconnected outcrops at the Pic de
as a single stratigraphic marker bed, two metarhyolite sanfrinestrelles summit, Tregura and Fabert villages (Hig.
ples from this member have yielded two di erent ages sepaFhis cartographic disconnection precludes the assignation of
rated by ca. 17 m.y. (559.80L.75/ 1.35 Ma for the Fabert these exposures to a single edi ce, as a result of which, we
village, and 542.9 5.0/ 1.3 Ma for the Pic de la Clape cannot eliminate the possibility of the onset of three sepa
summit), thus re ecting two distinct felsic magma emplace+ated (but contemporaneous) volcanosedimentary edi ces,
ments that display similar geochemical composition. displaying similar geochemical features, for what we name
The overlying Finestrelles Member displays complex latTregura edi ce. In contrast, an apparent cartographic conti-
eral facies associations, which change from thick, massive ouity is recognised linking the volcanosedimentary outcrops
normal graded volcaniclastic breccias (close to vent areagj Fabert village to the Coll d’Ares-Tour de Mir-Pic de la
to thin- and medium-bedded tu aceous sandstones, displaZlape area; however, their respective U-Pb zircon dating
ing plane-parallel and through cross-strati cation, towardallows distinction of two diachronous edi ces, the latter
distal areas and as a result of reworking. Three volcang€oll d’Ares edi ce) geometrically overlapping the former
sedimentary edi ces can be recognised based on the abo\&ig. 2).
reported U-Pb zircon dating constraints, palaeotopographic
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Fig. 12 Age distribution curve and age repartition of zircon grains from the Fabert metarhyolithes (PC5 and FA1) and the Finestrelles volcanoclastic breccia
(TG0701, TG0702, TG0703, PC11) and tu aceous sandstone (FIN11); data from TG after Casas et al. (2015)

13



International Journal of Earth Sciences (2018) 107:1579-1601 1597

Fig. 13 Tera-Wasserburg
Concordia diagrams (left side)
and Tu Zirc and Weighted
Average diagrams (right side)

of the analysed samples PC5,
FA1, PC11 and FIN11 (see their
stratigraphic and geotectonic
setting in Fig. 2). The deposi-
tional age of the Fabert meta-
rhyolites (PC5, FA1) and the
maximum depositional age of
the Finestrelles volcanoclastic
breccia (PC11) and tu aceous
sandstone (FIN11) are indicated
in the red boxes

The Tregura and Coll dAres edi ces represent explosivel his episodic record of substrate instability was responsible
felsic eruptions that dispersed their volcanic products ovdor the development of tilting and ssuring, and subsequent
large (km-scale) areas. They display similar petrochemicarowning. The volcanosedimentary complexes were nally
features but di erent radiometric ages. The edi ces represealed by the shales of the Jujols Group.
sent pyroclastic-dominated, planoconvex-like bodies, up to The volcanic activity recorded in the Pic de la Clape For
500 m thick, with gradual topographically controlled north-mation began on a deep ocean with a substrate covered with
and northwesternward decreasing thicknesses. (Volcani)cldslack sul dic shales (Olette Formation). After emplacement
tic input precluded carbonate production, so discontinuitiesf the volcanic activity and local development of carbonate
punctuating the volcanosedimentary complexes are markgdoduction, the volcanic edi ces rapidly subsided and were
by short-term episodes of carbonate production that poinsibsequently sealed by the Jujols Group. Contemporaneous
to unconformity-bounded inter-eruptive episodes. Thestectonic activity (or substrate instability) was exclusively
carbonate interbeds mark successive calm volcanic edocated throughout the above-reported volcanosedimentary
sodes, interrupted by volcanic eruption and remobilisatiordi ces and may be explained as episodes of sea oor insta-
of the previously deposited volcanosedimentary edi cesbility recorded in response to overall di erential subsidence
The end of the volcanic activity was marked by nucleatiomletermined by the surrounding volcanosedimentary topog-
and development of fringing centres of carbonate factoriesaphy. No signi cant synsedimentary faulting has yet been
The latter led to microbial carbonate production close toeported in laterally equivalent strata crossing the Canaveil-
subaerial exposure on the top of some palaeorelief highles/Jujols contact. The shallowing associated with the onset
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of the Pic de la Clape Formation is exclusively restricted tof discussion, the Alpine Briangonnais Domain (Stamp i
the Puigmal unit and related to the onset of volcanic activityt993) o ers many magmatic similarities with the above-
reported SW—-NE geodynamic trend recorded along West
Gondwana. A distinct arc/rift change of its magmatic evo-
Cadomian arc-related events in West lution is marked from 550-530 Ma volcanic arc basalts to
Gondwana 530-520 eclogitised gabbroic and tonalitic melts intruding a
continental margin magmatic arc (Von Raumer and Stamp i
The lava ows and sills hosted by the Nyer and Olette for2008; Von Raumer et a2015).
mations point to a tholeiitic magmatism probably linked to Throughout West Gondwana, the development of car
Ediacaran extensional conditions and preceding the recolmbnate production across the Ediacaran—Cambrian transi-
of Cadomian magmatism. Similar pre-Cadomian, rift-tion is exclusively recorded in margins far from subduction
related magmatic products are recorded in the Ediacaramrenches, such as those recorded in the Central-Iberian Zone
Serie Negra Group of Ossa-Morena (590-545 Ma), whicfCloudinabearing mounds; Cortijo et al. 2010), the northern
displays oceanic environments with island-arc a nity linked Montagne Noire (Terreneuvian shelly phosphate-rich lime-
to fore- and back-arc basins (Ribeiro et al. 2003; Sanchestones of the Heraultia Member; Devaere et al. 2013; Alvaro
Lorda et al2013). et al.2014b) and the lateral equivalent, peritidal-dominated,
Comparable volcanic activities to those recorded aPuig Sec Member of the Eastern Pyrenees (this work).
the top of the Olette Formation and within the Fabert and
Finestrelles members are represented by the Ouarzazate
Supergroup of the Anti-Atlas in Morocco (ca. 615-548 MaConclusions
Gasquet et al. 2005; Pouclet et al. 2007; Walsh et al. 2012;
Alvaro et al. 2014a), the Malcocinado Group of the OssaFhe volcanism hosted by the Ediacaran Canaveilles Group
Morena Zone in SW lberia (587-540 Ma; Sanchez-Garciaf the Eastern Pyrenees displays two distinct geochemical
et al.2003,2010), some reworked clasts lining the NarceaA nities: (1) metabasites of the Nyer and Olette formations
Herreria contact in the Cantabrian Zone (ca. 575-560 Mage ect the emplacement of tholeiitic volcanic events linked
Rubio-Ordéfiez et al. 2015), and the Sériés Tu s of theéo Ediacaran regional extension, whereas (2) the overlying
Axial Zone and the Rivernous Formation of the northerrtalc-alkaline, felsic volcanics at the top of the Olette- For
Montagne Noire in the Occitan Domain (ca. 542-539 Mamation and in the Fabert and Finestrelles members (Pic de
Lescuyer and Cocherie 1992; Laumonier et al. 2004; Alvarta Clape Formation) represent Cadomian magmatic events.
et al.2014b; Pouclet et al. 2017; Padel et al. in press). Some Compared with similar volcanic features from the Anti-
detrital zircon grains sampled in the Sand Vito and GenAtlas, the Iberian Massif and the Montagne Noire, a distinct
nargentu phyllites from the nappe zone of Sardinia havBW-NE diachronic evolutionary trend can be outlined. Pan-
recently yielded an age bracket between 576 and 539 MAfrican/Cadomian deformation is recorded in outer peri-
which should be representative of a Cadomian magmati@ondwanan margins (e.g. Anti-Atlas, Ossa-Morena, Can-
in uence (Meloni2016; Oggiano, pers. commun.). tabrian and West Asturian-Leonese Zones, and North- and
All these felsic activities are attributed to the arc-relatedCentral-Armorican Domains), whereas it is absent in back-
nal stage of the Pan-African (in the Anti-Atlas) to Cado- arc settings (Central Iberian Zone) and inner margins of the
mian (in SW Europe) orogens. The diachronous characteastern Ibero-Armorican Arc (Montagne Noire and-Pyr
of the above-reported ages re ects an SW-NE trending afnees). Despite the absence of deformation, the latter inner
active subduction migrating from the Moroccan to the Ossanargins have recorded a parallel SW-NE trending Cadomian
Morena and Armorican, outer margins of West Gondwanaalc-alkaline felsic volcanic evolution, the most representa-
Despite the lack of associated deformation, the inner periive being recognised in the Fabert and Finestrelles members
Gondwanan margins recorded a parallel SW—NE trending aff the Puigmal and Cap de Creus units from the Eastern
calc-alkaline, felsic volcanism that nally reached the-Pyr Pyrenees. Based on U-Pb zircon dating, palaeotopography,
enean and Occitan Domains and Sardinia. Ma c volcanisrmonlapping geometries and distance from the sources, three
is not yet recognised in the Cambrian—Lower Ordovician ofolcanosedimentary edi ces can be identi ed, named, from
the Eastern Pyrenees, as a result of which, no volcanic pragear-vent to distal areas, Tregura (ca. 565-552 Ma), Cap
ucts are representative of the Cambrian (post-Terreneuviad¢ Creus (ca. 542 Ma) and Coll d’Ares (ca. 542-532 Ma)
rifting conditions that characterise the neighbouring Monedi ces. The top of the palaeoreliefs formed by the volcano-
tagne Noire (Alvaro et al. 2014a; Pouclet et al. 2017, andedimentary edi ces recorded the local nucleation and lat-
references therein). eral migration of centres of carbonate production (Puig Sec
Although the northeastern (palaeogeographic) prolonMember), characterised by microbial carbonate productivity
gation of Sardinia during the Cambrian is still a matteon peritidal environments linked to synsedimentary tilting,
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ssuring and karsti cation. The presence of carbonate proCastifieiras P, Navidad M, Liesa M, Carreras J, Casas JM (2008) U-Pb
duction across the Ediacaran—Cambrian transition is exclu- Zircon ages (SHRIMP) for Cadomian and Lower Ordovician mag-

ivelv | ted i far f the Cadomi bducti matism in the Eastern Pyrenees: new insights in the pre-Variscan
Sively located In areas far irom the Ladomian subduction ¢, ytion of the northern Gondwana margin. Tectonophysics

suture and devoid of signi cant terrigenous input, such as  461:228-239

those reported in the Eastern Pyrenees and Montagne Noif@vet P (1957) Le Paléozoigue de la zone axiale des Pyrénées orien-
tales frangaises entre le Roussillon et I'Andorre. Bull Sér Carte
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