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Abstract

The Lodéve Permian synrift sequence is represented by thick stacked climate-controled playa cycles which have been constrained
by structural, sedimentological, geochemical and paleontological processes. The present paper merges the different results in order
to better constrain the dynamics and palacoecologycal evolution of the playa system from Late Cisuralian to Early Lopingian time.
In this depositional environment, thining upwards sheet-flood sequences represent flooding events; they are relayed by ephemeral
ponding, suspension settling and limited carbonate precipitation accompanied by large amounts of shallow to subaerial sedimentary
structures (current and wind ripples, desiccation cracks, rain drops, etc.). The aridity of the climate contrasts with the surprising
abundance of the fauna encountered into carbonate-rich silty-clay playa-lake deposits. Ephemeral pools are colonized by numerous
shellfish: Choncostraca, Triopsids, and Insects, which led to intense burrowing of the overbank deposits (Scoyenia facies). Tetrapods
are common and dominated by several types of reptiles after footprints: Pelycosauria, Parareptilia and Lepidosauria in the Rabejac
Fm, and Mammalian reptiles (Therapsida) on the top of the fluvial deposits of the Salagou Fm near La Lieude farm. In addition,
elements of a weighty herbivorous Pelycosaurian and a small amphibian Tupilakosaurid, only described in the Triassic before, have
been also found in the Upper part of the Permian series of this sector.

Keywords: Permian, Playa, Triopsids, Conchostraca, Vertebrates, Scoyenia ichnofacies, footprints.

Resumen

El ciclo sedimentario sinrift del Pérmico de la cuenca de Lodéve (Formaciones Rabéjac y Salagou) esta representado por depositos
ciclicos de playa que resultan de factores estrucrurales, sedimentologicos, geoquimicos y bioldgicos. En este trabajo se exponen
evidencias que permiten perfilar la evolucion dinamica y palacoecologica del ambiente de playa entre el Cisuraliense superior y el
Lopingiense inferior. En este marco sedimentario se desarrollaron sequencias estratodecrecientes de sheet-flood que corresponden
a eventos de inundacion. Con ellos alternaron episodios con desarollo temporal de charcas efimeras, en las que se generaron se-
dimentos de grano fino y escasos carbonatos. En estas facies se encuentran estructuras sedimentarias someras a subaéreas (riples
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de corriente acudticos y edlicos, grietas de desecacion, huellas de gotas de agua, etc.). La aridez general del clima contrasta con
la sorprendente abundancia de fauna encontrada, fosilizada en los depositos finos, ricos en carbonato, de playa-lake. Las zonas
encharcadas eran colonizadas por pequefios crusticeos: concostraceos, tridpsidos e insectos que dejaron sus numerosas huellas de
actividad en los depositos de overbank (facies de Scoyenia). Los tetrdpodos también eran abundantes, y se han reconocido, a partir
de sus huellas, diferentes reptiles (Pelycosauria, Parareptilia y Lepidosauria en la Fm. Rabejac, y Therapsida en la parte superior
de los depositos de la Fm. Salagou proximos a la granja de Lieude). Ademas, se describen elementos atribuibles a un pelicosaurio
hervivoro de gran peso, y a un pequefio anfibio tupilakosaurio. Estos ultimos eran conocidos solamente en el Triasico, antes de su
descubrimiento en la parte superior del Pérmico de la cuenca de Lodéve.

Palabras clave: Pérmico, playa, tridpsidos, concostraceos, icnofacies de Scoyenia, huellas de pisadas.

1. Introduction

Playa sequences represent one of the richest suites of
sedimentary facies and fossils stacked in the geological
record because of the overall periodic change of the dep-
ositional system. This dry flat-floored bottom depression
found in inner to coastal basins of arid and semiarid re-
gions are periodically ponded by ephemeral shallow lakes
(Blackwelder, 1931) and shows multiple facies changes
from alluvial fan gravel and wadi poorly-sorted sand to
lacustrine laminated mud with possible evaporite depos-
its, topped by desiccated surfaces and aeolian sand dunes.
A variety of flora and fauna, carefully preserved, in the
fine grained sediments of the playa-lakes reveal evidence
of life bloom during humid periods. Animal tracks and
other biogenic structures (bioturbations, burrows, pale-
osoils) complete the paleoecological diversity on the wet
banks of the channels and standing waters.

The Lodéve Permian Basin, in the southern border of
the Massif Central, displays a particular well preserved
suite of playa sequences and associated paleontological
remains, because of both large continuous outcrops and
a dense mining network for uranium exploration. In par-
ticular, large open mine quarries coupled with more than
40 km of galleries and thousand-km borehole revealed
complementary fossiliferous-rich layers which allow to
better constrain the structure and the geohistory of the
basin.

Plant remains are of particular abundance in the lacus-
trine blackshales of the lowermost part of the Autunian
Group and vanish progressively upwards because of the
low potential of preservation in the red playa/floodplain
pelites of the Saxonian Group. On the contrary, these red
sub-emersive facies present a high potential for vertebrate
footprints and ichnotraces preservation, associated locally
to invertebrate and plant debris accumulations in flooding
rills. Thus, in them, Dr Jean Lapeyrie, surgeon in Lodéve
discovered, about twenty years ago, an exceptional rich
suite of insects, conchostracans and triopsids in several
levels, ranging from the base to the top of the Salagou Fm
of the Saxonian Group. More recently this Formation re-

vealed vertebrate remains which are excavate every year
by a French-German team (Dijon, Freiberg, Montpellier
Universities, MNHN and CNRS of Paris; Schleusingen
Museum, Thuringe).

These paleontological studies, coupled with sedimen-
tological and structural data help to constrain the overall
conditions of the Permian playa paleoenvironment. This
paper is an exhaustive synthesis of the physical, biologi-
cal and geodynamical evolution of the Lodéve Permian
playa system.

2. General location

The Lodéve basin is a half-graben of Permian age, with
a 15-20° southward dipping continental infilling that ex-
tends over an area of about 150 km?, on the southern bor-
der of the Massif Central (Fig. 1). The basin was sealed
by a thick horizontal Mesozoic cover which is presently
eroded, allowing the exposure of the basement and of the
lower Permian series on the northern border. It is sur-
rounded by the Palacozoic of the Montagne Noire to the
west, the Mesozoic Causses Plateau to the north, and the
Languedoc Tertiary plain to the south. The Permian de-
posits overlap both the Graissessac Stephanian deposits
which crop out westward in a narrow basin and folded
Cambrian carbonates which are exhumed in the North of
the basin (Lodéve Ridge, Fig. 2). More precisely, four
domains demarcate the basin (Figs. 1, 2):

Northward, the basin is bounded by the plateau of the
“Causse du Larzac” (700 m high) formed by a 400 m-thick
succession of Mesozoic limestone deposits (Jurassic), by
basal sandstone, mudstone and evaporite deposits (Trias-
sic). These latters are subhorizontal and lie unconform-
ably on the Permian and on the hercynian basement,
which outcrops directly to the north forming the “Lodéve
Ridge”; to the south-west in the Montagne Noire, and to
the north-east in the Cévennes.

Westward, the basin is hidden by the north-south stretch
basaltic plateau of the Escandorgue (800 m high), which
underlines a volcanic main axis of Pliocene to Quater-

nary age.



Lopez et al. / Journal of Iberian Geology 34 (1) 2008: 29-56 31

2 ILODEVE

@

I il : == (I Bl - E=n
B 2 B 4 EEe B s @ o — 12

Fig. 1.- Detailed geological map of the Lodéve Permian basin. 1: Plio- Quaternary basaltic volcanism, 2: Tertiary to Quaternary
deposits, 3: Upper Jurassic, 4: Middle Jurassic, 5: Lower Jurassic, 6: Triassic, 7: Autunian Group: Lower Cisuralian, 8: Saxonian
Group: Upper Cisuralian to Lower Lopingian, 9: Gzhelian, 10: Hercynian basement, 11: Granites of Mendic, 12: Faults; from
Lopez and Petit (2003), modified.

Fig. 1.- Mapa detallado de la Cuenca pérmica de Lodeve. 1: Volcanismo basaltico Plio- Cuaternario. 2: Depdsitos terciarios-cua-
ternarios. 3: Jurasico Superior. 4: Jurasico Medio. 5: Jurasico Inferior. 6: Triasico. 7: Grupo Autuniense: Cisuraliense inferior.

8: Grupo Saxoniense: Cisuraliense-Lopingiense inferior. 9: Gzeliense. 10: Basamento hercinico. 11 Granitos de Mendic. 12:
Fallas. Modificado de Lopez and Petit (2003).
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Fig. 2.- N-S-cross-section of the Lodéve Permian basin; from Lopez and Petit (2003), modified.
Fig. 2.- Corte estratigrafico N-S de la Cuenca pérmica de Lodeve. Modificado de Lopez y Petit (2003).
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South-westward, the hills of Cabriéres (350 m high)
represent the eastern extremity of the Montagne Noire
hercynian folded belt.

Eastward, the basin is limited by the NNE-SSW trending
Cévennes Fault along which a slice of Lower Liassic car-
bonates (Hettangian) is sandwiched between the Permian
and the Cenozoic deposits of the Hérault valley. There is no
information of the continuity of the Lodéve basin eastward
of the Cévennes Fault. The Lergue valley at the “cluse de
Rabieux” constitutes the main access to the basin, when
coming from the south. Beyond the Cévennes fault limit,
the Tertiary molasses of the Hérault plain represent the
most important wine growing of the region.

Southward, the basin is presently limited by the E-W
trending les Aires-Mas Blanc fault. This post-Bathonian
down-to-South normal fault precludes observations of
the southern border of the basin. Volcanic ashes beds (=
“cinérites) correlations between the Lodéve and the Gabi-
an basins, located 10 km southward, argue for the con-
nection of both basins during the Lower Permian time.
However, the Pre-Anisian tilting of Permian deposits
implies that the basin registered a synsedimentary tilting
during the Middle/Upper Permian time in relation with
the activation of a north-dipping listric fault, south of “les
Aires-Mas Blanc fault”. The Lower to Middle Jurassic
carbonates of the Mouréze graben are characterized by
both slide blocks of Lower Liassic carbonates related
to Liassic extension and folds, related to later Pyrene-
an shortening. At a general scale, the crustal extension
linked to the Cévennes fault is related to the thinning of
the crust, associated to the opening of the Ligurian Ocean
during the Early Jurassic time (Lemoine ef al., 1984).

3. Origin, palacontology and stratigraphy of the
studied basin

3. 1. Basin geohistory

3. 1. 1. Hercynian cycle

Over a Precambrian basement, the series are mainly
composed of shelf deposits (carbonate and siliciclastic
facies) in the Montagne Noire and a comprehensive se-
ries of slope shales in the Cévennes. During the Lower
Carboniferous, the paroxysm of the Hercynian short-
ening conduced to turbidite deposition in front of large
southward vergent recumbent folds, in the southern side
of the Montagne Noire.

The shortening stage is followed in the Montagne Noire
by the uplift of the gneiss dome in the axial zone, and the
associated collapse of the northern border with the open-
ing of the extensional basin of Graissessac during the

Wesphalian time (Echtler and Malavieille, 1990). In this
E-W eclongated basin, a high heat flow was responsible
for coalification of many lacustrine coal beds sandwiched
in coarse grained fluvial to deltaic deposits (Becq-Girau-
don, 1973; Saint-Martin, 1993). Eastward, the E-W trend-
ing Graissessac basin is overlaid by the Permian deposits
of the Lodéve basin (Garric, 1965; 2007). It forms a south
dipping half-graben necessary limited to the south by a
north dipping listric normal fault related to the late oro-
genic extension.

3. 1. 2. Mesozoic sedimentation

At the base of the Mesozoic series, the Middle Trias-
sic deposits, unconformably seal a major erosive surface
truncating the Permian half-graben and its basement at
the western margin of the South-East basin. The sili-
coclastic continental platform of the Triassic (fluvial to
playa-lake dominated systems, Lopez and Mader, 1985;
Lopez, 1987; Lopez et al., 2005) was invaded by a shal-
low carbonate platform (stromatolithic dolomudstone
flat) during the Lower to Middle Liassic time. The later
was drowned by pelagic marls at the Upper Liassic time.
During this period, the sedimentation was controlled by
NE-SW trending faults (in particular the Cévennes fault)
with an overall eastward deepening toward the South-
East Basin. This crustal scale extension was associated to
the thinning of the crust during the opening of the Liguro-
Tethysian ocean (Lopez, 1992). Upper Liassic marls grade
upward to an outer shelf marl-carbonate interbedding and
high energy shelf deposits during Middle Jurassic. Upper
Jurassic deposits are dominated by restricted inner to out-
er carbonate platform sediments (Causses Gulf) (Lopez
etal., 1997).

3. 2. Lithostratigraphy

Permian deposits were subdivided for a long time (Feys
and Greber, 1972; Chateauneuf and Farjanel, 1989) into 2
large megasequences: Autunian and Saxonian, both lying
unconformably upon the Upper Carboniferous and on the
Hercynian basement.

In the Lodéve basin, the Permian deposits (Fig. 3, 4)
have been differently divided in accordance to differ-
ent authors with slight modifications of the terminology
proposed by the Cogema (Uranium General Company)
which uses numerous key beds such as ash-layers (ciner-
ites) and organic-rich layers (“faciés couche”), allowing
fine correlations. In this sense, two main facies assem-
blages have been distinguished which represent, both an
overall geodynamical and a paleoenvironmental change
in the basin geohistory.
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In the Lower part of the basin infill the 730 m-thick Pre-
rift series (Autunian according to Feys et al. (1972) or
Upper Autunian to Lower Thuringien according to Odin
(1986) = Autunian Group sensu Gand et al. (1997). It is
composed of fluviatile to deltaic sandstones (Usclas—St
Privat Fm = F 1) evolving into anoxic deep lacustrine
black shales with a high potential source rock for HC

(Tuillieres-Loiras Fm = F 2); the later passing upward to
sub-emersive floodplain pelites (Viala Fm = F 3).

The Syn-rift Series (about 2000 m thick = Saxonian
Group sensu Gand et al. (1997) is evidenced by a region-
al unconformity and by an overall southward thickening
of the deposits. This series begins with fluviatile coarse
conglomerates evolving to sandstone deposits (Rabejac

tit (2003).
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Fm: F 4) forming a key event into the sedimentary pile.
The later evolves rapidly to thick floodplain pelites (=
silty red mudstones) and thin playa-lake dolomites (Sala-
gou Fm = F 5). In the western part of the basin, flood-
plain pelites pass directly to thick debris-flow deposits
(La Tour-sur-Orb Member), related to the activity of the
bordering faults. The global evolution of the facies is
connected to the progressive climatic change from wet-
tropical to semi-arid conditions, driven by the gradual
northward moving of the continental plate.

3. 3. Palaeontology: flora, fauna and palichnofauna

Connected with the colour of the Formations, macro
and microflora is mostly present in grey levels of the Au-
tunian: Usclas and St-Privat Fm (= F1), Tuiliéres-Loiras
Fm (= F2). Nevertheless, sometimes in red layers (Rab-
ejac Fm = F4) and especially in green beds of the Salagou
Fm, macroflora may be found but is less determinable.

3.3.1. Vertebrates

In the Autunian Group, vertebrates were mentionned,
for the first time, during the 19" century. They consist of
a skeleton of an Araeoscelidian [Aphelosaurus luteven-
sis (Gervais, 1859) (Thevenin, 1910), redescribed by
Falconnet, 2007], some remains of Amphibians (“Bran-
chiosaurus”, “Actinodon”, Discosauriscus, Eryops), and
of Pelycosauria (Heyler, 1969), Fishes with Acanthodes
sp. (Acanthodians), Pygopterus sp. (Palaeonisciforms

Actinopterygians) (Heyler, 1969) and Usclasichthys
macrodens Heyler, 1977. The Saxonian group supplies
bone-beds and some amphibians, found in the Rabejac
Fm (Heyler 1969) and also a small vertebral column of a
Tupilakosaurid (Werneburg et al., 2007) coming from the
Salagou Fm. A few years ago, Korner discovered in the
top of this last Fm, more precisely in la Lieude Member,
well preserved Pelycosaurian bones trapped in a debris-
flow deposit (under preparation).

In the opposite, footprints are rather widespread in all
the Formations (Fig. 5) with 3 remarkable sites: the Co-
gema quarry (Mas d’Alary Member), the Rabejac quarry
(Rabejac Fm), and the paleontological slab of “la Lieude”
located at the top of the Salagou Fm.

The first observations on footprints were made by F.
and P. Ellenberger (1959) then new discoveries and stud-
ies were supported by Heyler and Lessertisseur (1963)
who described “14 new genera and 16 new “species”. El-
lenberger (1983-1984) distinguished and erected “almost
130 new ichnotypes”. Later, Gand (1987) revised and re-
evaluated the French Permian footprints from prospect-
ings in all the French basins and studies of European
fossil collections or sites. Thus, he proposed only 14
ichnogenera and 22 ichnospecies for the Lodéve basin.
Lately, the following list, still has been shortered with 16
ichnosp. (Gand and Durand, 2006) (Fig. 5). They are:

A- Traces attributed to Temnospondyls (Branchiosauri-
dea and Micromelerpetontidea) = Anthichnium (Geinitz,
1861) Haubold, 1971 = Batrachichnus (Geinitz, 1861)

Fig. 4.- (opposite page) Detailed stratigraphy and palaeontology of the Permian series, from Gand (1994), modified. Autunian group with F1-F3
Formations, and Saxonian Group with F4, F5 Formations (Odin, 1986); Stratigraphy: Cogema = “Général Company for Uranium Exploi-
tation”, E = Members (Laversanne, 1976), V. a = volcanic-ashes indicated by roman numbers, Beds from 57 to 00 with alpha, béta, gamma
= bone beds, R = 100-1000 = marker beds; Palacontology: Traces, Inv. = invertebrates with t = tubes and burrows, p = exogene resting,
furrowing, walking/crawling tracks; (i = Isopodichnus); Ver. = footprints; compilation from Heyler and Lessertisseur (1963), Laversanne
(1976), Ellenberger (1983ab), Gand (1986, 1987, 1990, 1994), Debriette and Gand (1990); Flora, M. f=macroflora, A-E from Cogema (unpu-
blished), Doubinger (1956, 1963), Doubinger and Heyler (1959, 1975), Doubinger and Kruseman (1965), Galtier and Broutin (1995, C, D, E):
see Galtier and Broutin, 2008; A 45-48: Tuiliéres, B: = Mas d’Alary = typical Autunian flora; P. a = palynology, LO1, LO2, LO3 = Doubinger
et al. (1987) associations; Fauna, Ver = vertebrates, F, G, H, I from Vetter et al. (1963), Doubinger and Heyler (1959, 1975), Heyler (1969),
Laversanne (1976), Cogema unpublished; F = “Branchiosaurs”, “Actinodon”, Aphelosaurus; G = fishes; H = fishes, “Actinodon”, Eryops,
pelycosaurian remains; 1 = “Actinodon”, J = bone beds from Ellenberger (1983a). Faune Inv.: K-O = numerous Conchostracans levels, K +
L, ¢ = gasteropod, Laversanne (1976), Ellenberger (1983a); ti = triopsids, a = insects, Gand ef al. (1999), Nel ef al. (1999 a-c), Béthoux et
al. (2001-2007).

Fig. 4.- (pagina opuesta) Estratigrafia y paleontologia detallada de las series del Pérmico de la Cuenca de Lodeve. Modificado de Gand (1994).
Grupo Autuniense con las Formaciones F1-F3, y Grupo Saxoniense con las Formaciones F4-F5 (Odin, 1986); Estratigrafia: Cogema =
“Compaifiia General para la Explotacion de Uranio”, E = Miembros (Laversanne, 1976), V. A = cenizas volcanicas indicadas con numeros
romanos, Capas de la 57 a la = con alpha, béta, gamma = niveles con huesos, R = 100-1000 = “capas guia”; Paleontologia: Pistas; inv. = in-
vertebrados, con t = tubos y perforaciones, P = diferentes tipos de pistas (indicando descanso, desplazamiento etc..); (i = Isopodichnus); Ver.
= impresiones por pisadas; recopilacion efectuada por Heyler y Lessertisseur (1963), Laversanne (1976), Ellenberger, (1983a,b), Gand (1986,
1987, 1990, 1994), Debritte y Gand (1990), Flora, M. f = macroflora, A-E de Cogema (no publicado), Doubinger (1956, 1963), Doubinger
y Heyler (1959, 1975), Doubinger y Kruseman (1965), Galtier y Broutin (1995), C, D, E: ver Galtier y Broutin en este mismo volumen; A
45-48: Tuilieres, B: 0 Mas d"Alary = flora tipica de Autin; P. A = palinologia, LO1, LO2, LO3 = Doubinger and Heyler (1959, 1975), Heyler
(1959), Laversanne (1976), Cogema (no publicado); F = “Brachiosaurus”, “Actinodon”’, Aphelosaurus; G = peces, H. Peces, “actinodon”,

Eryops, restos de pelicosaurio; I = “Actinodon”, J = niveles de huesos obtenido de Ellenberger (1983a). Fauna inv.: K-O = numerosos niveles

de concostraceos, K + L, ¢ = gasteropodos, Laversanne (1976), Ellenberger (1983a); ti = triopsidos, a = insectos (Gand et al., 1999; Nel et

al., 1999 a-c; Béthoux et al., 2001-2007).
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Haubold, 1996 with undertracks Salichnium decessus or
S. pectinatus (Heyler and Lessertisseur, 1963); Eryopi-
dea: Limnopus zeilleri (Delage, 1912) Gand, 1985; Am-
phisauropus latus Haubold, 1970.

B- Traces ascribable to Amniotes; Captorhinomorpha
or gracile reptiles with Hyloidichnus major (Heyler and
Lessertisseur, 1963), Haubold, 1971; Varanopus curvi-
dactylus Moodie, 1929 (Sarjeant, 1971), Microsauripus
acutipes Moodie, 1929 (Sarjeant, 1971); Varanopus rig-
idus Gand, 1989; Pelycosauria with Dimetropus leisneri-
anus (Geinitz, 1863) Haubold, 1971, Dimetropus nicolasi
Gand and Haubold, 1971 being its undertrack; Diadectids
(Voigt, 2004): cf. Ichniotherium cottae (Pohlig, 1886)
Haubold, 1971; “Eosuchia” and Aracoscelids: Dromopus
lacertoides (Geinitz, 1863) Haubold, 1971; Dromopus di-
dactylus (Moodie, 1930) Gand and Haubold, 1984; Ther-
apsida or “Therosauria”: Lunaepes ollierorum, Merifon-
tichnus thalerius, Planipes brachydactylus Gand et al.,
2000; Caseids or Therapsida: Brontopus circagiganteus
Gand et al., 2000, B. giganteus Heyler and Lessertisseur,
1963.

3.3.2. Invertebrates

Insects, Notostraca, and Conchostraca are also frequent,
mostly in the Salagou Formation (see infra). Notostraca
trackways are described by Gand ef al. (2008).

3. 4. Stratigraphical data (Fig. 4, 6)

Autunian and Saxonian were regarded a long time as
continental stages. The first, of gray colour, was charac-
terised by its flora and microflora suite, and the second,
with dominant redbeds deposits was only dated by a
“saxonian” footprint association rather similar to that ob-
served in Thuringian Forest (Germany) (Haubold, 1974;
Gand, 1987).

The exclusive use of marine stages in the international
stratigraphic scale involved de facto the abandonment of
the terms Autunian and Saxonian and the continental se-
ries are nowadays reported to their marine equivalent by
radioisotopic data or to references to marine series show-
ing fossiliferous continental intercalations. That is the
case for some US American and Russian.

3. 4. 1. Age of the Autunian Group

For the Autunian Group of the Lodéve basin, the K/Ar
radioisotopic datings, carried out on potassic feldspars
of XXI1V, X, XI, V volcanic-ashes provided triassic and
jurassic ages. Successively, from the base to the top: 242
+7, 173 £ 5, 206 + 6, 248 £8, 248 +8 Ma, i.e Anisian,
Aalenian, Norian, and Olenekian; because of a probable
rejuvenation of the K/Ar system during the late tectono-
sedimentary events.

From these results, one of us (JS) undertook new dat-
ings. Thus, the Viala Fm. is dated of 289.3 +/- 6.7 Ma
(U-Pb) (Schneider et al., 2006; Roscher and Schneider,
2006). This means an age included in a large interval:
Middle Asselian to Middle Artinskian.

From palaeontological data: Zeiller (1898), Florin
(1938, 1944), Doubinger (1956, 1963 a, b), Doubinger
and Kruseman (1965), Doubinger et al. (1987), Galtier
and Broutin (1995) (see details in Gand et al., 2004 a,
b) and Broutin et al. (1999), the Autunian Group could
be dated from the End Gzhelian to the Lower Sakmar-
ian from the top of the Usclas and St-Privat Fm (F1) to
the Upper limit of Tuilieres-Loiras Fm (F2). This age is
supported from autunian flora and microflora. The Viala
Fm (F3) would be partly of Artinskian according to the
occurrence of Supaia.

3. 4. 2. Age of the Saxonian group

The Octon Member (Fig. 4) would be of 284 + 4 Ma
in age (Schneider et al., 2006; Roscher and Schneider,
2006), therefore included between the Middle Sakmarian
to the Middle Artinskian interval. From magnetostrati-
graphic investigations, the “la Lieude Member” would
be “in a position just around the Illawara reversal, that
is Lower Capitanian respectively Lower Tatarian age”
(Legler et al., 2004).

Other ages are suggested by paleontologic data, de-
pending of the taxa. According to:

- The plant Supaia, the whole Rabejac Fm (F4) +
Salagou Fm (F5) is supposed to represent a part of the
Artinskian and the totality of the Kungurian (= Upper
Cisuralian).

Fig. 5.- (opposite page) Permian footprints in the Lodéve basin from Gand et al., 2004a, F = Formations, M = Members, R = reper beds; Salagou
Fm: 1 = Merifontichnus thalerius, 2 = Lunaepes ollierorum, 3 = Planipes brachydactylus, 4 = Brontopus giganteus, 5 = B. circagiganteus; Rab-
ejac Fm: 1 = Varanopus curvidactylus, 2 and 3 = Dimetropus leisnerianus; 4 = Batrachichnus salamandroides, 5 = Dromopus didactylus, 6 and
7 = Hyloidichnus major; 8 = Limnopus sp.; Viala Fm and Mas d’Alary Member: 1 and 2 = Salichnium decessus, 3 = Salichnium pectinatus, 4
and 5 = Batrachichnus salamandroides, 6 and 7 = Limnopus zeilleri, 8 = Limnopus regularis, 9 = Varanopus rigidus, 10 = Amphisauropus latus,
11 = Dimetropus leisnerianus, 12 = D. nicolasi, 13 = Dromopus lacertoides, 14 and 15 = cf Ichniotherium; Loiras Member: 1 and 2 = L. zeilleri,
3 and 5 = B. salamandroides, 4 = D. lacertoides, 6 = D. nicolasi; Formations F1 and F2, Usclas du Bosc Member: 1 and 3 = Limnopus zeilleri,
2 and 4 = B. salamandroides, 5 and 7 = cf Ichniotherium, 6 = Dromopus lacertoides, 8 = Dimetropus nicolasi.

Fig. 5.- (pagina opuesta) Pisadas en el pérmico de la Cuenca de Lodeve obtenidas de Gand et al. (2004a): Ver nombres en la version en inglés.
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Fig. 6.- Geochemical and Chronostratigraphical data of the Lodéve Permian basin serie; Korner and Schneider in Legler ez al. (2004);

IR = Illawara reversal.

Fig. 6.- Datos geoquimicos y cronoestratigraficos de la serie de la Cuenca pérmica de Lodeve: Corner y Scheneider en Legler et al.

(2004); IR = el reverso de Illawarra.

- Conchostracans, F4 and F5 would be deposited be-
tween the Upper Sakmarian or Artinskian (Middle Cisur-
alian) to the Tatarian (Capitanian).

- Footprints, the Rabejac Fm + the Salagou Fm (till the
“la Lieude”) would be dated between the Late Sakmarian
(Middle Cisuralian ) to the Lower Guadalupian (= Word-
ian/Roadien) (Gand and Durand, 2006).

- Blattoids, the Salagou Fm (from the base to the Ar-
ieges level) would be comprised between the Kungurian
(Late Cisuralian) to the Lower Lopingian (Schneider in
Gand et al., 2004a, b).

- Odonatoptera and Archaeorthoptera, the Salagou Fm,
between R 300-R 800 the reper levels, could be dated be-
tween the Artinskian (Middle Cisuralian) to the Kazanian
(Guadalupian) (Nel et al., 1999a-c; Béthoux, 2003).

4. The playa systems of the Saxonian Group
(syn-rift series)

During the deposition of the Saxonian Group, the in-
tense activity of the southern bordering fault linked with
differential subsidence, and coupled with semi-arid cli-
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matic conditions, was periodically compensated by large
flooding inputs from the western source areas, leading to
a large terminal sub-emersive muddy fan. Under these
conditions, the basin acted as a flat-floored bottom de-
pression, periodically ponded by ephemeral shallow
lakes during a water-table rise or during direct flooding
allowing playa development.

4. 1. The Rabejac Fm: an alluvail fan conglomerate
system

The Rabejac Fm overlies the Viala Fm with an angular
unconformity clearly visible along the road from Salelles
to Loiras village (Fig. 7 A, B), where the mud-supported
conglomerates and unsorted coarse sandstones of the
Rabejac Fm erode the floodplain pelites of the Viala Fm.
This regional unconformity, with a preserved thickness of
the Viala Fm, from 50 m near Lunas village in the western
part of the basin, to 330 m near St-Jean-de-la-Blaquicre
in the east, marks the beginning of the activity of the Mas
Blanc, les Aires, Cévennes bordering faults with the half
graben differentiation of the Lodéve basin.

This increasing tectonic activity at the southern and
the eastern borders was accompanied by a sudden uplift
of the hercynian ranges in the western limit of the basin
(Montagne Noire domain) with an overall progradation
of alluvial fan systems and debris-flows at the base of the
Rabejac Fm.

The Rabejac Fm (= F4) was subdivided, from the west-
ern to the eastern part of the basin by Odin (1986), suc-
cessively in the St-Xist, Rabejac and Lafont “facies”.
This Formation starts with fluvial basal conglomerates
erosive on the Viala Fm. They extend on the entire basin
but are thicker and coarser from East to West. Near la
Tour-sur-Orb area, they display a fan conglomerates as-
semblage (St-Xist facies), revealing the tectonic activity
of the Bousquet d’Orb / la Tour-sur-Orb border fault, and
the uplift of the hercynian domain that provides a persist-
ent supply of coarse debris spreading out to the east.

The Rabejac Fm consists of coarse alluvial fan depos-
its in the western border, passing toward the basin to red
sandstones and mudstones with abundant sedimentary
structures (ripple marks, desiccation cracks, footprints
and invertebrates tracks), indicating long subaerial expo-
sure. These alluvial fan deposits may be connected with
the Saalian volcano-tectonic events.

In this Formation, little Branchiosauridae / Temno-
spondyls have been mentionned by Heyler (1969). Foot-
prints are numerous with Batrachichnus salamandroides
(undertracks = Salichnium decessus or S. pectinatus,
Limnopus zeilleri, Amphisauropus latus, frequent Hy-

loidichnus major, Varanopus curvidactylus | Microsau-
ripus acutipes, Dimetropus leisnerianus and Dromopus
didactylus. Isopodichnus furcatus Gand, 1994, is very
abundant. It is an invertebrate resting trace (cf. infra.
Gand et al., 2008).

Macroflora is often well kept. It is described by Galtier
and Broutin (2008).

4. 2. The Salagou Formation: permanent floodplain and
playa-lake system

4. 2. 1. The physical environment in the Mérifons area

The hills of Mérifons expose the Salagou Fm that char-
acterizes the most important syn-rift infill. In this area,
the fine green carbonate-rich layers hardened regularly
the surface, causing beautifull arabesques with high con-
trats of colors (Fig. 8).

Stratigraphical and sedimentological organisation

The Salagou Fm (F5) corresponds to a 2000 m-thick
vertical accretion on the hanging wall of the Aires-Mas
Blanc fault (Fig. 3). It consists of dominant pelites in
submersive floodplain to playa-lake environment. Dur-
ing this period, the activity of the “les Aires-Mas Blanc”
fault controlled the incremental infilling of the basin, and
led to an overall divergent (fan-shape) geometry of the
deposits (Fig. 2).

The following facies sensu Kruseman (1962) have been
distinguished:

The “Octon facies” is made of fined grained depos-
its outcropping widely in the western part of the basin
(“Ruffes” landscape). It corresponds to a vertical cyclic
alternation of meter- to decameter-thick red massive
pelites with cm-thick, yellowish-gray carbonaceous silt-
stone horizons with desiccation cracks, ripples marks, in-
vertebrate tracks, and rarely, arthropod remains. Some of
these latters horizons were mapped, and numbered as R
100 to 1000 reper-marks in figure 4 by Henriot (Cogema,
1988; unpublished document).

Desiccation cracks indicate period of intense evapora-
tion causing water level fall, shrinkage and finely expo-
sure (Fig. 9). During this time, ponds are isolated from
terrigenous input, and the carbonates precipitated from
the standing water by the related increase of salinity. The
gray to green dolomitic intervals are thinly laminated and
generally topped by oscillation ripples (wind effect) (Po-
chat et al., 2005), polygonal cracks and footprints. Pelites
correspond to extensive sheet floods mobilizing large
amount of fine detritus from the source area, and spread-
ing it throughout the basin. On more proximal of zones
debris-flow deposits, isolated channel fills develop at the
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Fig. 7.- A: General view (7A), and detailed log (7B) of the angular unconformity between the Viala Fm (top of the Autunain Group)
and the Rabejac Fm (base of the Saxonian Group), along the road from Salelles to Loiras village.

Fig. 7.- A: Vista general (7A), y columna detallada (7B) de la discordancia angular entre la Formacién Viala (techo del Grupo Autu-
niense) y la Formacion Rabejac (base del Grupo Saxoniense), por la carretera que une Salelles y Loiras.
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base of the flooding event (Fig. 10). In such environment,
regular cyclicity could indicate monsoon-like regimes.

Westward to the Octon village, the transition of the Oc-
ton facies to the “Merifons facies” is observed. The fre-
quence of the cycles increases drastically. The red mud-
stones/siltstones part decreased to decimetres, and the
carbonaceous desiccation crack-horizons are, apparently,
more frequent. The colour of the latter one changes to
pale green; often they form large surfaces with beautiful
desiccation cracks. The base of the “la Lieude facies”, in
the top of the “Merifons facies”, is marked by the sudden
shedding of debris flow conglomerates after hundreds of
meters of nearly exclusive pelitic sediments. At this level,
Therapsid footprints occur (Gand et al., 2000). Higher,
in the profile, the pelitic intercalations disappear between
stacked conglomerates and sandstone horizons. The very
coarse “la Tour-sur-Orb facies”, in the south-west corner
of the basin, represents the proximal fan deposits of the
“la Lieude facies”. The drastical change from the Meri-
fons to the La Lieude facies is still under discussion now:
climatic change and/or tectonic activation (Korner et al.,
2003; Legler et al., 2004).

La Lieude facies: typology of sandstone sequences
Origin of red pelites

Red pelites are mainly composed of clay minerals (in
particular kaolinite), fine silt, Fe™ oxides and addition-
al dolomite coming from the erosion of a thick lateritic
crust developed on the emerged hercynian belt, and un-
der tropical dry climatic conditions (ferallitisation, Fig.
10). In this sense, the red colour already existed in the
transported sediment. It differs from the green colour that
indicates syn- to post-depositional diagenetic processes.

Three main types of green horizons are visible:

- Mottled green/red pelites: mark the imprint of fluctu-
ating paleo-watertables;

- Coarse to very fine sandstone beds forming extensive
laterally-migrating fluvial channels. The flux of water in
these channels is supposed more continuous, with a per-
manent low-oxygenated water body, allowing early re-
duction of iron oxides;

-Thin and continuous carbonate-rich layers. This par-
ticular facies indicates the development of isolated ponds,
were low-oxygenated standing waters evaporate, resulting
in carbonate precipitation. Locally, some joints and frac-
tures in red pelites show a centimetre-thick green fringe
related to present day drainage by meteoric waters.

Channel sequences

Two main types are sandwiched in the red pelites of la
Lieude:

1) The type I visible in front of la Lieude farm, cor-
responds to isolated decametre-wide and metre-thick red
sandstone lenses (Fig. 11A). The base of the channel is en-
trenched on a dolocrete paleosoil (with numerous rootlet
prints and nodules = a). It displays discontinuous pelite-
and yellow carbonate-supported (= paleosoil reworking)
conglomerates (b) passing to ungraded pelite-rich coarse
sandstone (¢). The upper part of the channel infill is more
organized with trough cross-bedding or plane-parallel
bedding (e), indicating sheet-flood processes after the
channel abandonment and plugging (d).

This type of isolated channel is supposed to form on
the alluvial fan fringe by the development of an ephem-
eral channel network that deeply incises the emerged
and highly weathered red pelites above the regional base
level.

2) The type II outcrops north-eastward the footprint
surface of la Lieude farm. It corresponds to a meter-thick
green-coloured sand layers. From the base to the top, it
is composed of medium to coarse, poorly graded clayed
sandstones, and locally lag conglomerates that fill desic-
cation cracks (Fig. 11B), passing to massive or planar-
laminated, medium to fine grained sandstone beds (Fig.
12), with possible lateral accretion.

This type of sequence indicates the periodic develop-
ment of wide shallow channels and sand sheets on the
central part of the playa during flooding periods. In this
zone, the fluvial network does not entrench, because the
base level is at (or just above) the topographic surface.
The continuous existence of a shallow to sub-emerging
watertable is indicated by the dominance of the green
iron-reduced facies.

Ponded fine to very fine green sandstones are associat-
ed with the last channel sequence and correspond to cm-
to dm-thick non-erosive massive to graded beds, with a
lenticular shape. The lateral pinch-out of the sandstone
layer displays often desiccation cracks on carbonate-rich
silts, indicating the rapid exposure of the margins. Such
ponded beds are possibly topped by symmetrical ripples,
formed by wind-driven oscillatory processes on very
shallow standing waters.

The fossiliferous rills: nature and origin

These sandy bodies were discovered by Jean Lapeyrie
who found inside numerous and new well preserved fos-
sils, mainly crustaceans and insects (Gand et al., 1997;
Garric, 2001). In the Mérifons area, these bodies called
“rills / drains” display a typical network organization.

The typical rill vertical section shows three parts (Fig. 13).

- The upper part is widened, U- or V-shaped, and cor-
responds to the rill sensu stricto. The U-shaped rill, more
resistant, is generally found intact, while the V-shaped
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Fig. 8.- Typical landscape of the
Salagou Fm. showing thick red
pelite packets alternating with thin
and regular grey to green carbon-
ate layers with mud-cracks; thick-
ness of these latters = 5 cm..

Fig. 8.- Tipico paisaje de la Forma-
cién Salagou mostrando un potente
paquete de pelitas rojas alternando
con delgados y regulares niveles
de carbonatos grises y verdes con
grietas de desecacion. El espesor
de los ultimos es de 5 cm.

Fig. 9.- Desiccation cracks de-
veloped on an exposed do-
lomite-rich thin layer of the
Salagou Fm.

Fig. 9.- Grietas de desecacion
desarrolladas en un nivel con
alto contenido dolomitico en
la Formacion Salagou.

ones are dislocated into thin slabs.

- The lower part is narrower and sub-rectilinear. In
some cases, it resembles a plant root or a vein. The inter-
mediate zone is well marked by a collar and is of a clear
green-grey colour and contrasts on the red brown pelite
background.

In transverse section, rills appear as sedimentary bodies
of small dimensions. Most of the U-shaped rills are iso-
diametrical (10 ¢cm or a little more), while the V-shaped
rills are larger than high. Sometimes, a rill can exceed one
meter in overall directions. On the other hand, the lower
part or “root” is disproportionate, reaching 2 to 4 m in
height for a width not exceeding 10 cm.

In its horizontal plane, the rill is longer than broad-
er; the visible length may reach 10 meters. Exception-
ally, the main rill of “les Vignasses” site extends up to
86 m. The U- and the V-shaped rills correspond to well
distinct deposits. The U-shaped ones are constituted of
poorly graded siltites. They contain green, clayey chlo-
ritic pellets and various intraclasts representing a poorly
cross-bedded microbreccia facies. They are often very
resistant and do not show stratification. They are rich in
recrystallized carbonates. The V-shaped rill is formed by
finely graded siltites. When the sediment is grey-green, a
clear stratification with alternating light and dark laminae
(representing periodic kerabitume deposition) is visible.
When the sediment is reddish, bedding is less visible but
millimetric laminations are obvious in thin section. The
fine alternation results in a fragmentation into slabs rec-
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Fig. 10.- Secuencias elementales y modelo de relacion de facies en la Formacion Salagou (modificado de Lopez y Petit, 2003). Para la litologia

ver la figura 3, C = carbonatos.

ding is clearly concave and connected to the enclosing
sediment. By intervals, there are joints corresponding to
a deposition of whitish, phyllitic (clays) or reddish (ferric
oxides) minerals. Those rill structure and infill are inter-
preted to be made by rainwater entrenchment on desic-
cation cracks and/or open fractures. They are scattered
in claystones, representing former sediments which were
formed in a playa environment under semi-arid tropical
conditions.

The abundance of fossils in the rills is supposed to be
due to washing/streaming power of rainwater on desic-
cated surfaces, and to the action of the wind which could
concentrate their body fragments, scattered on the sur-
face of the playa. It is probably the case for the insect
wings. The presence of Triopsids and Conchostracans
may be explained by the deposit of their remains after
their death.

Evidences for volcanic activity during the deposition of
the playa sediments

In the Salagou Fm, some playa sequences contain pyro-
clastic material, indicating the permanence of a volcanic
activity in the Lodéve basin as precised by Nmila et al.

(1992) and Nmila (1995). The tuffaceous material mixed
with detrital sediments, was observed in marker beds
R 100 to R 1000 (cf supra). After Nmila et al. (1992):
“In thin section, these levels display the following main
characteristics: quartz typically of volcanic origin (iso-
morphous faces, volcanic glass inclusions), numerous
stretched crystals of feldspar showing more or less ad-
vanced degrees of alteration, volcanic glass shards and
pumice fragments with I, T, Y, X, etc... type perlite, and
oval glass stones formed at the same time showing a de-
gree of alteration. Analcime developed from fragments
of acidic volcanic glass during diagenesis. These charac-
teristics are typical of ash falls and provide evidence for
the volcanic origin of these marker horizons”. The trace
elements and the zircon typology demonstrate also an al-
kaline volcanisme typical of the second French Permian
sedimentary cycle (= *“ Saxonian”).

Cyclicity and geochemistry: the climate during the Sala-
gou formation deposition

Sedimentological, geochemical, mineralogical, palae-
oecological investigations were carried out in the Lodéve
basin in order to reconstruct the climatic processes which



44 Lopez et al. / Journal of Iberian Geology 34 (1) 2008: 29-56

Fig. 11.- Exemples of the two major channel fill sequence types. A: Proximal channel fill sequence entrenched on a paleosoil interval (a = root
prints and dolomitic concretions). It is composed of a basal debris-flow deposit (b), passing to muddy coarse sandstone (c) and floodplain pelites
(d). A new sequence develops above with a slight lateral migration of the channel axis (e); 11B: Detailed view of the base of a flooding sequence
composed of multi-storey channel fills sealing a partly preserved desiccation surface.

B: Ejemplos de las dos principales secuencias de relleno de canales fluviales. A: Secuencia de relleno de canal proximal intercalada con un nivel
de desarrollo de paleosuelo (a = impresion de raices y concreciones dolomiticas). Esta compuesto de depdsitos debris-flow en la base (b), evolu-
cionando hacia una arenisca de tamafio de grano grueso y con lodos (c) y pelitas de llanura de inundacion (d). Una nueva secuencia se desarrolla
arriba mostrando una ligera tendencia de migracion lateral del eje del canal (e); B: Vista en detalle de la base de una secuencia de inundacion
compuesta de canales de tipo multi-storey mostrando una superficie parcialmente desecada.
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SE

Fig. 12.- General view of superposed distal wide-channel flooding se-
quences (Type II channel sequence); with local conglomerate and
debris-flow deposits; cliff height about 10 m.

Fig. 12.- Vista general de secuencias que representan relleno de inun-
dacion de canales amplios y distales (tipo II de secuencia de canal),
con conglomerados locales y depdsitos de tipo debris-flow. Altura
del acantilado = 10m.

control the litho- and biofacies patterns during an Ice-
house/Greenhouse transition, as well as the correlation of
marine and continental climatic signals. Based on Odin
(1986), Henriot (1988), and Nmila (1995), 250 m of the
Usclas-St-Privat, Tuiliéres-Loiras and Viala Fm, as well
as 1600 m red beds of Rabejac, and Salagou Fm have
been documented. In this last one, about 5.000 cycles
have been measured for the cyclostratigraphy (Korner
1999a, b; Korner et al., 2003).

The climatic signal could be characterized as follows
(Figs. 6, 15, 16). From the Upper Tuiliéres-Loiras Fm to
the Lower Viala Fm., a transition from warm-humid to
semi-arid conditions occured. Gypsum-pseudomorphs,
desiccation cracks, xeromorphic calcisols and vertisols
as well as mesophile fauna and flora were characteristic
of the red, brown flood plain deposits of the Viala and the
Rabejac Fm. For the Salagou Fm, during the Octon Mem-
ber deposit, the aridity increased then decreased while the
Upperlaying Mérifons Member. At this period, palacoen-
vironment and climate of the Lodéve basin were prob-
ably the following: periodic or episodic strong rain falls,
temporary water filled channels contain mass occurences
of xerophile organisms (Conchostracans, Triopsids, In-

Fig. 13.- Typical rill with a more than one meter root.
Fig. 13.- Seccién de un arroyo con niveles de raices de mas de un
metro.
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Fig. 14.- General cross-section of two superposed rill levels in the Mérifons area; rill section lengths between 0. 5 — 2 meters.
Fig. 14.- Corte a través de dos niveles superpuestos a lo largo de arroyos en el atrea de Mérifons. La longitud de cada seccion oscila entre 0.5 — 2 m.

sects). The same results are known from observations in
modern playa and sabkha environments, e.g. in Jordan
and Tunisia.

The sedimentary architecture of the la Lieude facies/
Member indicates a fast change of sediment supply.
These coarse clastics appear suddenly above 2000 m of
nearly exclusive fine grained sediments! They result from
rapid increasing precipitations and consequently from
prograding alluvial fans. Linked to that is the appearance
of very diverse tetrapod tracks and the re-occurrence of
mesophile flora and invertebrate burrows (Scoyenia).
This climate change could be possibly the effect of Up-
per Permian transgressions (Bellerophon Fm, Zechstein-
transgression).

4. 2. 2. The life in the playa.
Palaeontological content

In the Lodéve Basin, flora, invertebrate and vertebrate
remains (fishes, amphibians, reptiles) have been princi-
pally collected in the Lower part of the Permian series:
grey Formations F1-F2, L1, L2 Members. Higher, vari-
ous traces of biological origin have been found in the red
facies which began at F2-L3 Fm (Fig. 4).

Invertebrate, and vertebrate tracks, burrows, common in
the Autunian Group, were a long time only mentionned at
the base of the Rabejac Fm. and at the top of the Salagou
Fm. (Saxonian Group) (Fig. 4). As the deposits between

the two Fm. lacked of fossils, it was generally accepted
that the “Saxonian” was azoic, probably because of arid
conditions. In fact, it was not the case like shown by the
important discoveries of Dr Jean Lapeyrie happened in
small silstone rill lenses of the Salagou Fm (Gand et al,,
1997).

Invertebrates (Fig. 17)
Conchostracans

They have been found in many levels from the base of
the Usclas and St-Privat Fm up to the lower part of the
la Lieude Fm. (Fig. 4, 17. 13-14). Species from Salelles
and Arieges seem to be somewhat more developed than the
Conchostracans of the Upper Rotliegend I, Tambach Fm
(Martens, 1983) and Miiritz Fm (Germany) dated of Sak-
marian/Artinskian (Schneider in Hoffmann et al, 1989;
Schneider et al., 1995). One form from Arieges is possi-
bly derived from Lioestheria andreevi of the Tambach Fm,
dated of Wolfcampian from vertebrates (Sumida et al.,
1996). Specimens from Sall¢les area could be compared
with Isaura harveyi and Palaeolimnadiopsis brevis of the
Wellington Fm, (Leonardian of Kansas). Most interesting
Conchostracans are found, short below and above the basal
fanglomerates of the La Lieude Fm. The 3 mm to 5, 5 mm
large forms show a delicate meshwork between the grow-
ing lines, a feature also seen in Mesozoic species. This sug-
gests, eventually, a latest Permian age for these beds.
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Fig. 15.- Lithological and clay mineral comparison of two typical sequences. Fig. 15. 1 = Octon Facies, Carols area, Fig. 15. 2: Méri-
fons Facies, Montagne de la Boutine area; Schneider et al., 1999, Schneider and Kérner in Gand (2004b); lithology: FS, MS, CS =
fine, middle, coarse sand, FK, MK, CK = idem for conglomerates .

Fig. 15.- Comparacion litologica y e los minerales de arcilla de dos secuencias tipicas. 1: Facies de Octon, area de Carols. 2: Facies de
Me¢érifons, area de la Montaiia de la Boutine; Schneider et al. (1999); Schneider y Corner en Gand (2004b); litologia: FS, MS, CS =
arena fina, media y gruesa, FK, MK, CK = idem para los conglomerados.

Triopsids and their tracks

Body-fossils: Triops cancriformis permiensis and Lepi-
durus occitaniacus have been described, from a large
sample composed of thousands of carapaces, thoraco-
abdominal fragments and more rarely from intact speci-
mens. They are similar to modern species (Gand et al.,
1997) (Fig. 17).

On the basis of the ecological preferences of modern
Triopsids and of t