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Abstract

For the first time the complete conodont fauna from the GSSP
for the base of the Givetian at Jebel Mech Irdane in the Tafilalt
(SE Morocco) is described. The conodont faunas described by
Bultynck in 1987 from the Bou Tchrafine ridge in the same area
and from the Jebel Ou Driss (Mader, SE Morocco) in 1989 are

updated. Many new morphotypes of Polygnathus linguiformis and
other conodont species are described. Polygnathus amphora, P.
pseudoeflius and Icriodus hollardi are established as new species.
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Résumé

L'entière faune à conodontes trouvée au GSSP pour la base du
Givetien et localisée dans le Jebel Mech Irdane du Tafilalt (Sud-
Est du Maroc) est décrite pour la première fois. Les identifications
des faunes à conodontes du Bou Tchrafine dans la même région
décrites par Bultynck (1987) ainsi que celles du Jebel Ou Driss
dans le Mader (Sud-Est du Maroc) décrite en 1989 sont mises à
jour. Des nouveaux morphotypes de Polygnathus linguiformis et
d'autres espèces de conodontes sont décrits. Polygnathus amphora,
P. pseudoeiflius et Icriodus hollardi sont décrits comme nouvelles
espèces.

Mots-clefs: Conodontes, Kacâk, Eifelien-Givetien, Maroc.

t Otto Walliser passed away late December 2010. The present
paper is dedicated to his memory. He was a brilliant geologist-
palaeontologist. The last two years we worked together on the
conodont faunas described herein.

Introduction

The Global Stratotype Section and Point (GSSP) for
the base of the Givetian is located in the Jebel Mech
Irdane in the Tafilalt of SE Morocco. The position of
the boundary was designated by the Subcommission
on Devonian Stratigraphy (SDS) and is based on the
first occurrence of the conodont species Polygnathus
hemiansatus considered to be a direct descendant of

Polygnathus pseudofoliatus. The boundary level is
within the Kacâk Episode (Walliser et al., 1995).
Many samples from the Mech Irdane section contain
abundant and very diverse conodont faunas, hundreds
of specimens per kilogramme. At the time of the
discussion of the GSSP for the base of the Givetian
the study of the conodont faunas was limited to the
evolutionary \ineage P. pseudofoliatus-P. hemiansatus,
as well as Polygnathus ensensis, the species considered
important for the boundary définition. These species
groups were figured in the guide-book for the field
meeting of the SDS in the Tafilalt-Mader area in 1991
(Walliser, ed., 1991).

The conodont faunas are not only rich by the
number of specimens but the species also demonstrate
a large variability. This allows récognition of different
morphotypes in known species or new species that are
useful for establishing lineages and for biostratigraphy.
The description of these morphotypes and new species
is the main purpose of the present paper. The study of
the Mech Irdane conodonts is combined with an update
of earlier described conodonts from the same time
interval in the same région: the Bou Tchrafine section
in the N Tafilalt (bultynck, 1987) and the Ou Driss
section in the Mader (Bultynck, 1989). The position
of the three studied sections is shown in Fig. 1.
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Fig. 1 - Map of the Tafilalt and Mader région with indication of paleogeography during the late Eifelian and early Givetian.
The three studied sections, Jebel Mech Irdane, Bou Tchrafine and Jebel Ou Driss East are indicated with arrows.

The Late Eifelian Events (Kacâk Episode)

The GSSP for the base of the Givetian is placed in a
stratigraphie succession showing a sharp facies change
due to an hypoxic perturbation (Walliser et al., 1995).
The terminology for this hypoxic interval caused some
confusion in earlierliterature. House(1985) introduced
the name Kacâk Event, after the Kacâk Member or Shale
in the Bohemian Massif. It is a black and calcareous
shale in which the index tentaculite Nowakia otomari
occurs. In the uppermost part of the Chotec Limestone
just below the Kacâk Member the index conodont
Tortodus kockeliamis occurs (chlupac et al., 2000).
At the same time Walliser (1985) proposed the
otomari Event based on the onset of the dacryoconarid
lineage of the species Nowakia otomari. Some authors
considered that the Kacâk Event and the otomari Event
covered the same period and were synonymous. It
was also demonstrated that the Kacâk Event was not

instantaneous but represents a polyphased biotic crisis
(Garcia-Alcalde et al., 1990). In order to solve
this confusing situation Walliser (2000) proposed a

Kacâk Episode with the Late Eifelian 1 Event and the
Late Eifelian 2 Event.

In the Mech Irdane section (Fig. 2) the base of the
Late Eifelian 1 Event corresponds with the sudden onset
ofdark shales and can be assigned to the otomari Event.
During the late Eifelian 2 Event the dark shales become
progressively lighter and contain marly and nodular
limestones. The Kacâk Episode is 0.50 m thick.

In the Bou Tchrafine section (Fig. 3) the base of the
Late Eifelian 1 is drawn at a level showing a changeover
from light brown shales to gray shales with nodules and
two thin limestone beds at the base, samples 15 and
15a. In these limestones occur dark spots with organic
matter and concentrations of dacryoconarids, including
Nowakia otomari. In the Late Eifelian 2 Event the
shales and limestone nodules as well as bed 15b show
brownish spots due to the presence of hematite and
also yield a hematitic fauna. The Kacâk Episode is
represented by about 2 m of strata.

The Jebel Ou Driss Eastern section (Fig. 4) shows
more neritic influences than the two other sections. The
base of the Late Eifelian 1 Event can be recognized
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Fig. 2 — Table showing the ranges of conodont species and their morphotypes in the Jebel Mech Irdane section, from the kockelianus Zone to the base of the
timorensis Zone. No conodonts recovered firom the interval between samplesl 16 and 118.
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by the sudden colour change of brown-reddish maris
to dark gray shales and limestones at the level of bed
ODE-8-19 and continuing upward to bed ODE-7-1. Just
above occurs a level with four compact limestone beds
that forms a characteristic ridge in the Jebel Ou Driss
and that is considered to represent the Late Eifelian 2
Event. The total Episode is represented by 2.50 m of
strata.

In the three sections the Late Eifelian 1 Event and the
lower part of the Late Eifelian 2 Event are assigned, in
part or entirely, to the ensensis Zone. The uppermost part
of the Late Eifelian 2 Event belongs to the hemiansatus
Zone. The onset of the Kacâk Episode may be related
to the basai sea level rise of cycle If of johnson et al.
(1985) that also belongs to the ensensis Zone.

Extinction levels

The species of the Polygnathus angusticostatus
group show a more or less simultaneous extinction
level in the three sections (Figs 2-4). However, in the
Mech Irdane section and in the Ou Driss E section
the extinction level is below the Kacâk Episode.
In the Bou Tchrafine section it is slightly above the base
of the Kacâk Episode and also more simultaneous for
the different species than in the two other sections. The
discrepancy between the Mech Irdane section and the
Bou Tchrafine section can be explained by the presence
of the interval with dark shales without a conodont
record at the base of the Kacâk Episode in the former
section.

One should also consider that the changeover to
dark shales is less pronounced in the Bou Tchrafine
section than in the two other sections.

Most Icriodus species of the common Eifelian
Icriodus type (the I. corniger-struvei group) that have
a rather broad spindle and a rather short posterior
extension of the médian row denticles behind the

spindle, disappear below the Kacâk Episode. The last
représentative, Icriodus struvei, disappears slightly
below the Kacâk Episode after probably giving
rise to the Icriodus arkonensis group in the Kacâk
Episode (weddige, 1977); Icriodus walliserianus is
the earliest représentative. The innovative Icriodus
regu/aricrescens, first occurs in the costatus Zone and
ranges into the Kacâk Episode and above, is ancestral
to the Icriodus obliquimarginatus group in which
we recognize three morphotypes a, p and y. The a
morphotype seems to be restricted to the pelagic-
hemipelagic facies, the p and y morphotypes occur also
in the neritic facies.

Survival and innovations

The Polygnathus pseudofoliatus group
In the kockelianus Zone, below the Kacâk Episode,
the P. pseudofoliatus group is represented in the three
sections by P. pseudofoliatus, P. pseudoeiflius n. sp.,
P. eiflius and P. amphora n. sp. The last mentioned
species also occurs in the Plum Brook Shale of Ohio
(US),describedby SVkRUNG (1995) P. pseudofoliatus
subsp. A. The Plum Brook Shale was assigned by
Sparling to the upper part of the ensensis Zone.

The most characteristic innovation in the
P. pseudofoliatus group took place during the Late
Eifelian Event 2 by the initiation of the Polygnathus
hemiansatus lineage, characterized by the modification
of the anterior trough margins. In the earlier species
of the P. pseudofoliatus group the anterior trough
margins are steep and relatively symmetrie on the
inner and outer side. In the hemiansatus lineage the
anterior trough margins become strongly asymmetrie.
The outer anterior through margin is characterized by
the development of an outward bowing spoon-like
structure and a pointed or linear constriction in the
outer platform margin just posterior to the geniculation
point. The inner anterior trough margin is only slightly
outward bowing and is steep.

In the Mech Irdane section the platform surface of
P. hemiansatus is strongly ribbed in the interval from
bed 123 to bed 129. From bed 131 on, the surface
of the platform can be also punctuated and becomes
more elongated.

The Polygnathus linguiformis group
Three new morphotypes of Polygnathus linguiformis
linguiformis, yp y2 and y3, appear in the upper part
of the kockelianus Zone. The y3 morphotype has a
short stratigraphie range and disappears slightly
above the Kacâk Episode and does not reach the top
of the hemiansatus Zone. Notable is the presence
of Polygnathus conradi in the upper part of the
hemiansatus Zone in the Mech Irdane section. It was

decribed by Chatterton (1978) from the Eifelian-
Givetian boundary interval from a section in the
Canadian Northwest Territories. Until now it was not

recognized outside this area.

Systematic Paleontology

The different species, based on ?! elements, are
described or discussed in the same order as in the three
range charts (Figs 2-4). We distinguish a Polygnathus
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Table 1 - Distribution of ostracods in the Hanonet Fm and Trois-Fontaines Fm at the Mont d'FIaurs.
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Poloniella tertia krömmelbe1n, 1953 • • •

Coryellina? audiarti nov. sp. • • • •

Ropolonellus kellneri (Pokorny, 1950) • • • •

Tubulibairdia clava (KEGEL, 1933)
Uchtovia abundans (Pokorny, 1950) •> • • • • 9 • • •

Bairdiocypris rauffi krömmelbein, 1952 • • • • • • • 9 • • • • 9 9

Bufina schaderthalensis zagora, 1968 • • • • • •

Cytherellinaperlonga (Kummerow, 1953) • • • • • • • •

Bairdia paffrathensis kummerow, 1953 • • • • • • • • 9 9

Refrathella BECKER, 1967 • •

Jefina romei COEN, 1985? • •

Parabolbinella coerti nov. sp. • •

"Orlhocypris " sp. in casier et al. ( 1995) • • • •

Bairdiocypris cf. symmetrica (KUMMEROW, 1953) • • •

Amphissites tener omphalotus BECKER, 1964 • • • 9

Bairdia cf. carinata POLENOVA, 1960 sensu COEN (1985) • • •

Samarella cf. laevinodosa BECKER, 1964 • 9 • • •

Cavellina haursensis nov. sp. • • • •

Urftella adamczacki BECKER, 1970 • • •

Cytherellina? cf. brassicalis BECKER, 1965 • • • • 9 • 9

Cytherellina obliqua (KUMMEROW, 1953) • • • • 9 • •

Poloniella cf. claviformis (KUMMEROW, 1953) •

Acratia sp. A •

Uchtovia kloedenellides (ADAMCZAK, 1968) • • • • 9 9

Kozlowskiella sp. C in Casier et al. (1994) 9 9 9 •

Cryptophyllus sp. indet. • •

Marginia cf. sculpta multicostata POLENOVA, 1953 •

Bairdia sp. A •

Roundyella patagiata (BECKER, 1964) • •

Bairdia cf. tischendorfi BECKER, 1965 • • • 9 9

Parapribylites hanaicus POKORNY, 1950 • 9 •

Microcheilinella affinis POLENOVA, 1955 • • • 9 • 9 •

Svantovites primus POKORNY, 1950 •

Cytherellina? sp. indet. •

Bairdiocypris sp. A, aff eifliensis (KEGEL, 1928) •

Healdianella sp. A, aff. budensis Olempska, 1979 • 9 ? • • •

Cytherellina sp. A •

Baschkirina sp. B in CASIER et al. (1992)? •

Coeloenellina sp. A, aff. minima (Kummerow, 1953) • • •

Buregia ovata (KUMMEROW, 1953) •

Bairdia sp. B •

Aparchites sp. A in CASIER et al. (2010) • •

Fellerites emmena (KUMMEROW, 1953) •

Coeloenellina? sp. indet. •

Coeloenellina minima (KUMMEROW, 1953) • •

Kielciella cf. fastigans (BECKER, 1964) •

Cavellina macella (KUMMEROW, 1953) 9

Bairdiacypris antiqua POKORNY, 1950 •



82 Jean-Georges CASIER, Xavier DEVLEESCHOUWER, Estelle PETITCLERC & Alain PRÉAT

important because this one would characterize a new
zone of the zonal sequence established on metacopids
in the Devonian by Casier (1979; 2008).

Most of species identified in the Rancennes
Quarry are known from other sections in the Dinant
Synclinorium, particularly from the Resteigne Quarry
(Casier & Préat, 1990, 1991) and La Couvinoise
Quarry (casier et al., 1992), in Belgium and also from
the Glageon Quarry, in Avesnois (casier et al., 1995),
France. Close relationship exists also among ostracods
from the Aisemont Quarry in the Namur Synclinorium
(Casier & Préat, 2006), Boulonnais in France (Magne,
1964; MlLHAU,1988), Eifel in Germany (kummerow,
1953; Becker , 1964, 1965; Groos, 1969...), Holy
Cross Mountains in Poland (adamczak, 1968, 1976;
Olempska 1979; Zbikowska, 1983...), and the Czech
Republic (Pokorny, 1950).

Conclusions

The ostracod fauna collected in the upper part of the
Hanonet Fm and in the base of the Trois-Fontaines
Fm at the Mont d'Haurs, belongs to the Eifelian
Mega-Assemblage and is indicative of shallow marine
well-oxygenated environments generally close to fair-
weather wave base. Only one sample collected at the top
of the section studied contains an ostracod assemblage
indicative of semi-restricted water conditions (in this
sample the monospecific assemblage with the genus
Coeleonellina prevails), and another sample from
the same part of the section, contains Leperditicopid
ostracods indicative of lagoonal environmental
conditions. Three new species are described:
Coryellina? audiarti nov. sp., Cavellina haursensis
nov. sp and Parabolbinella coeni nov. sp.

XLF values decrease across the boundary interval
between the Hanonet Fm and the Trois-Fontaines Fm
and are very weak during the biostromal unit, before
reaching the highest XLF values in the restricted
lagoonal environment of the Trois-Fontaines Fm.
XLF and microfacies curves show a moderate positive
corrélation in général. This is due to the évolution from
a mixed ramp (Hanonet Fm) to a carbonate platform
(Trois-Fontaines Fm).

A high-resolution stratigraphie corrélation is
tentatively proposed here between the Mont d'Haurs
sectionanda40km-distantBaileuxsectionwheresimilar
MS fluctuations were reported (Mabille & Boulvain,
2008) even if the sediments in the Baileux section are
much thicker. The MS signal is strongly controlled by
ferromagnetic s.l. minerais (mixture of magnetite with

significant contribution of a high-coercivity phase,
which might be hematite) and paramagnetic grains.
The transition from a mixed- to inner-ramp system to
a restricted lagoon in the carbonate platform system is
accompanied by sea-level fall and an input of coarse-
grained ferromagnetic s.l. minerais (probably of
detrital origin). However, an increasing trend of the Sd
and IRM loss parameters is observed across the section
with the highest values (together with the XLF values)
in the lagoonal sediments of the Trois-Fontaines Fm.
These two parameters point to the occurrence of a
significant proportion of ultrafine-grained magnetite
(close to 30 nm) probably formed during diagenesis.
The primary MS signal is thus affected by diagenetic
processes, which slightly modified the magnetic signal
of the lagoonal limestones after déposition.

Acknowledgments

The research has been supported by the FRFC n° 2.4518.07 project
of the Belgian "Fonds National de la Recherche Scientifique
(FNRS) and contributes to the IGCP Project No.580 "Application
of magnetic susceptibility on Paleozoic sedimentary rocks". The
hystérésis analyses were carried out at the Geophysical Centre of
the Belgian Royal Meteorological Institute and Simo Spassov is
greatly acknowledged for easy access to the laboratory. We thank
especially Marie Coen-Aubert for providing of the specimen figured
by Michel Coen in his paper on the Givetian ostracods, and designed
herein as holotype for the new species Parabolbinella coeni nov.
sp. She is also thanked for the storing of all figured specimens and
types of her deceased husband into the collection of Department of
Paleontology of the Royal Belgian Institute of natural Sciences. We
appreciate the helpful review ofour manuscript by Dr. L. Koptikova
(Prague) and Dr. R. Gozalo (Valencia). Finally, we thanks Mr. Rigo
who has kindly authorised the access to the section.

References

Adamczak, F., 1968. Palaeocopa and Platycopa (Ostracoda)
from Middle Devonian rocks in the Holy Cross Mountains,
Poland. Stockholm Contributions in Geology, 57, 109 pp.

Adamczak, F., 1976. Middle Devonian Podocopida
(Ostracoda) from Poland; their morphology, systematics and
occurrence. Senckenbergiana Lethaea, 57, 4-6: 265-467.

Ahr, W.M., 1973. The carbonate ramp: an alternative to the
shelf model. Gaf Coast Association of Geologie Societies
Transactions, 23: 221-225.

algner, T., 1985. Storm depositional Systems. Dynamic
stratigraphy on modem and ancient shallow-marine
sequences. Lecture Notes in Earth Sciences, Springer Verlag,
Berlin, Heidelberg, New-York, 174 pp.

Andrews, J.T., & Stravers, J.A., 1993. Magnetic
susceptibility oflate Quaternary marine sediments, Frobisher



Early Givetian ostracods and rock analysis at Givet, France 83

Bay, N.W.T.: an indicator of changes in provenance and
process. Quaternary Science Reviews, 12: 157-168.

Antropov, I.A, 1959. Devonian Foraminifera of Tatatria.
Akademya Nauk SSSR Kazanskoye Filial, Izvestia Seriia
Geologik, 1: 11-33 (in Russian).

Becker, G., 1964. Palaeocopida (Ostracoda) aus dem
MitteldevonderSötenicherMulde(N-Eifel).Senckenbergiana
Lethaea, 45, 1-4:43-113.

Becker, G., 1965. Podocopida (Ostracoda) aus dem
MitteldevonderSötenicherMulde (N-Eifel). Senckenbergiana
Lethaea, 46, 4-6: 367-441.

Becker, G. & Bless, M., 1974. Ostracode stratigraphy ofthe
Ardenno-Rhenish Devonian and Dinantian. In: Bouckaert,
J. & Streel, M. (eds), Publication of the International
Symposium on Belgian Micropaleontologcal limits, Namur,
1, 52 pp.

Birina, L.M., 1948. A detailed scheme of the stratigraphy of
the passage beds between the Devonian and the Carboniferous
(Etroeungt) in the southern part of the Podmoscovian région.
Sovietskaia Geologia, 28: 146-153 (in Russian).

Bloemendal, J., King, J.W., Tauxe, L. & Valet, J.-R,
1989. Rock magnetic stratigraphy of Leg 108 Sites 658,
659, 661 and 665, eastern tropical Atlantic. In: ruddiman,
W.F. et al. (eds), Proceedings ofthe Océan Drilling Program,
Initial Reports, 108 (College Station, TX): 415-428.

Borradaile, G.J. & Lagroix, F., 2000. Magnetic
characterization using a three-dimensional hystérésis
projection, illustrated with a study oflimestones. Geophysical
Journal International, 141: 213-226.

Bultynck, P., 1987. Pélagie andneritic conodont successions
from the Givetian of pre-Sahara Morocco and the Ardennes.
Bulletin de l'Institut royal des Sciences naturelles de
Belgique, Sciences de la Terre, 57: 149-181.

Bultynck, P., Coen-Aubert, M., Dejonghe, L.,
Godefroid, J., FIance, L., Lacroix, D., Préat, A.,
Stainier, P., Steemans, P., Streel, M. & Tourneur, F.,
1991. Les formations du Dévonien Moyen de la Belgique.
Mémoires pour servir à l'explication des cartes géologiques
et minières de la Belgique, 30, 105 pp.

Bultynck, P. & Dejonghe, L., 2001. Devonian
lithostratigraphic units (Belgium). Geologica Belgica, 4
(1-2): 39-69.

Bultynck, P. & Hollevoet, C., 1999. The Eifelian-
Givetian boundary and Struve's Middle Devonian Great
Gap in the Couvin area (Ardennes, southern Belgium).
Senckenbergiana Lethaea, 789: 3-11.

Burov, B., Nurgaliev, D.K. & Jasonov, P.G., 1986.
Paleomagnetic Analysis. Kazan University Press: 176 pp.
(in Russian).

Casier, J-G., 1979. La Zone à Svantovites lethiersi n. sp.,
zone nouvelle d'Ostracodes de la fin du Frasnien et du début

du Famennien. Bulletin de l'Institut royal des Sciences
naturelles de Belgique, Sciences de la Terre, 51, 15, 7 pp.

Casier, J.-G., 2008. Guide de l'excursion: Les ostracodes du
Dévonien Moyen et Supérieur du Synclinorium de Dinant.
In: J.-G. casier, Résumé des communications et guide de
l'excursion 22ème Réunion des Ostracodologiqstes de langue
française, Bruxelles 2-4 juin. Institut royal des Sciences
naturelles de Belgique, 83 pp.

Casier, J.-G. & Préat, A., 1990. Sédimentologie et
Ostracodes de la limite Eifelien-Givetien à Resteigne (bord
sud du Bassin de Dinant, Belgique). Bulletin de l'Institut
royal des Sciences naturelles de Belgique, Sciences de la
Terre, 60: 75-105.

Casier, J.-G. & préat, A., 1991. Evolution sédimentaire et
Ostracodes de la base du Givetien à Resteigne (bord sud du
Bassin de Dinant, Belgique). Bulletin de l'Institut royal des
Sciences naturelles de Belgique, Sciences de la Terre, 61:
155-177.

Casier, J.-G. & Préat, A., 2006. Ostracods and lithofacies
close to the Eifelian-Givetian boundary (Devonian) at
Aisemont (Namur Synclinorium, Belgium). Bulletin de
l'Institut royal des Sciences naturelles de Belgique, Sciences
de la Terre, 76: 5-29.

Casier, J.-G., Préat, A. & Kasimi, R„ 1992. Ostracodes
et sédimentologie du sommet de l'Eifelien et de la Base du
Givetien, à Couvin (bord sud du Bassin de Dinant). Bulletin
de l'Institut royal des Sciences naturelles de Belgique,
Sciences de la Terre, 62: 75-108.

Casier, J.-G., Kasimi, R. & Préat, A., 1995. Les Ostracodes
au passage Eifelien/Givetien à Glageon (Avesnois, France).
Géobios, 28 (4): 487-499.

Casier, J.-G., Lebon, A., Mamet, B. & Préat, A.,
2005. Ostracods and lithofacies close to the Devonian-
Carboniferous boundary in the Chanxhe and Rivage sections,
northeastern part of the Dinant Basin, Belgium. Bulletin de
l'Institut royal des Sciences naturelles de Belgique, Sciences
de la Terre, 75: 95-126

Casier, J.-G., Cambier, G., Devleeschouwer, X.,
Petitclerc, E. & Préat, A., 2010. Ostracods, rock facies
and magnetic susceptibility ofthe Trois-Fontaines and Terres
d'Haurs Formations (Early Givetian) in the Rancennes
Quarry at the Mont d'Haurs (Givet, France). Bulletin de
l'Institut royal des Sciences naturelles de Belgique, Sciences
de la Terre, 80: 85-114.

Chen, T., Huifang, X., Xie, Q., Chen, J., JI, J. & Lu, H.,
2005. Characteristics and genesis of maghemite in Chinese
loess and paleosols: mechanism for magnetic susceptibility
enhancement in paleosols. Earth and Planetary Science
Letters, 240: 790-802.

coen, M., 1985. Ostracodes givétiens de l'Ardenne.
Mémoires de l'Institutgéologique de l'Université de Louvain,
32, 48 pp.



84 Jean-Georges CASIER, Xavier DEVLEESCHOUWER, Estelle PETITCLERC & Alain PRÉAT

Coen-Aubert, M., Préat, A. & Tourneur, F., 1986.
Compte-rendu de l'excursion de la Société belge de Géologie
du 6 novembre 1985 consacrée à l'étude du sommet du
Couvinien et du Givétien au bord sud du Bassin de Dinant,
de Resteigne à Beauraing. Bulletin de la Société belge de
Géologie, 95 (4): 247-256.

Crick, R.E., Ellwood, B. & El Hassani, A., 1994.
Intégration of biostratigraphy, magnetic susceptibility and
relative sea-level change: a new look at high resolution
corrélation. Subcommission on Devonian Stratigraphy
Newsletter, 11: 59-66.

Crick, R.E., Ellwood, B., El Hassani, A. & Feist,
R., 2000. Proposed magnetostratigraphy susceptibility
magnetostratotype for the Eifelian-Givetian GSSP (Anti-
Atlas, Morocco). Episodes, 23 (2): 93-101.

Crick, R.E., Ellwood, B., El Hassani, A., Feist, R.
& Hladil, J., 1997. MagnetoSusceptibility Event and
Cyclostratigraphy (MSEC) of the Eifelian-Givetian GSSP
and associate boundary sequences in north Africa and
Europe. Episodes, 20 (3): 167-175.

Crick, R.E., Ellwood, B.B., Hladil, J., EL Hassani, A.,
Hrouda, F. & Chlupac, I., 2001. Magnetostratigraphy
susceptibility of the Pridolian-Lochkovian (Silurian-
Devonian) GSSP (Klonk, Czech Republic) and coeval
sequence in Anti-Atlas Morocco. Palaeogeography
Palaeoclimatology Palaeoecology, 167: 73-100.
Da sllva, A.C., Mabille, C. & Boulvain, F., 2009.
Influence of sedimentary setting on the use of magnetic
susceptibility: examples from the Devonian of Belgium.
Sedimentology, 56: 1292-1306.

Devleeschouwer, X., 1999. La limite Frasnien-Famennien
(Dévonien Supérieur) en Europe: sédimentologie,
stratigraphie séquentielle et susceptibilité magnétique.
Université Libre de Bruxelles et Université des Sciences et

Technologies de Lille, 414 p. (Thèse de Doctorat en Sciences
géologiques et minéralogiques, unpublished).

Devleeschouwer, X., Petitclerc, E„ Spassov, S. &
préat, A., 2010. The Givetian-Frasnian boundary at Nismes
parastratotype (Belgium): the magnetic susceptibility signal
controlled by ferromagnetic minerais. Geologica Belgica, 13
(4): 345-360.

Devleeschouwer, X., Préat, A., Averbuch, A. &
herbosch, A. 1999. Magnetic susceptibility through
the Frasnian-Famennian boundary (Steinbruch Schmidt,
Germany and Coumiac, France). Abstract book 19th
régional European Meeting ofSedimentology, Copenhagen,
Denmark: 71-72.

Dunlop, D.J., 2002. Theory and applications of the Day
Plot (Mrs/Ms versus Hcr/Hc): 1. Theoretical curves and
tests using titanomagnetite data. Journal of Geophysiscal
Research, 107, B3, doi: 10.1029/2001JB000486.

Einsele, G. & Seilacher, A., (Eds), 1982. Cyclic and

Event Stratification. Springer, Berlin, Heidelberg, New York,
536 pp.

Ellwood, B., Benoist, S.L., El Hassani, A., Wheeler,
c. & crick, R.E., 2003. Impact ejecta layer from the Mid-
Devonian: possible connection to global mass extinctions.
Science, 300 (5626): 1734-1737.

Ellwood, B., Brett, C.E. & Macdonald, W.D., 2007.
Magnetostratigraphy susceptibility of the Upper Ordovician
Kope Formation, northern Kentucky. Palaeogeography
Palaeoclimatology Palaeoecology, 243: 42-54.

Ellwood, B., Crick, R.E. & El Hassani, A., 1999. The
Magneto-Susceptibility Event and Cyclostratigraphy
(MSEC) method used in geological corrélation of Devonian
rocks from Anti-Atlas Morocco. American Association of
Petroleum Geology Bulletin, 83 (7): 1119-1134.

Ellwood, B., Crick, R.E., El Hassani, A., Benoist, S.L.
& young, R.H., 2000. Magnetosusceptibility event and
cyclostratigraphy method applied to marine rocks: detrital
input versus carbonate productivity. Geology, 28 (12): 1135-
1138.

Ellwood, B., Crick, R.E., Garcia-Alcalde Fernandez,
J.L., Soto, F.M., Truyols-Massoni, M., EL Hassani, A.
& kovas, E.J., 2001. Global corrélation using magnetic
susceptibility data from Lower Devonian rocks. Geology, 29
(7): 583-586.

Ellwood, B., Tomkin, J.H., Ratcliffe, K.T., Wright,
M. & Kafafy, A.M., 2008. High-resolution magnetic
susceptibility and geochemistry for the Cenomanian/
Turonian boundary GSSP with corrélation to time equivalent
core. Palaeogeography Palaeoclimatology Palaeoecology,
261: 105-126.

enos, P., 1983. Shelf. In: SCHOLLE, P.A., bebout, D.G.,
Moore, C.H. (eds), Carbonate Depositional Environments.
Memoirs American Association ofPetroleum Geologists, 33:
267-296.

Errera, M., Mamet, B. & Sartenaer, P., 1972. Le calcaire
de Givet et le Givétien à Givet. Bulletin de l ' Institut royal
des Sciences naturelles de Belgique, Sciences de la Terre, 48
(1): 59 pp.

Evans, M.E. & heller, F., 2003. Environmental magnetism.
Principles and Applications of Enviromagnetics. Academie
Press, Elsevier Science: 299 pp.

Garwood, E.J., 1931. Important additions to our knowledge
ofthe fossil calcareous algae since 1913 with special reference
to the Precambrian and Paleozoic rocks. QuarternalyJournal
of the Geological Society ofLondon, 87: 48-100.

Gorbarenko, S.A., Nuernberg, D., Derkachev, A.N.,
Astakhov, A.S., Southon, J.R. & Kaiser, A., 2002.
Magnetostratigraphy and tephrochronology of the upper
Quaternary sédiments in the Okhotsk Sea: implication
of terrigenous, volcanogenic and biogenic matter supply.
Marine.Geology, 183: 107-129.



Early Givetian ostracods and rock analysis at Givet, France 85

groos, H., 1969. Mitteldevonische Ostracoden zwischen
Ruhr und Sieg (Rechtsrheinisches Schiefergebirge).
Göttinger Arbeiten zur Geologie und Palàontologie, 1, 110
pp.

Guillevin, Y., 1979. Eléments de pétrographie des
évaporites oligocènes des bassins de la Bresse et de Valence
(Est de la France, Vallée de la Saône et du Rhône) = pp. 41-
48 in: Les dépôts évaporitiques, illustration et interprétation
de quelques séquences, Editions Technip, Paris.

Hladil, J„ 2002. Geophysical records of dispersed
weathering products on the Frasnian carbonate platform
and early Famennian ramps in Moravia, Czech Republic:
proxies for eustasy and paleoclimate. Palaeogeography
Palaeoclimatology Palaeoecology, 181: 213-250.

Hladil, J., Carew, J.L., Mylroie, J.E., Pruner, P.,
Kohout, T., Jell, J.S., Lacka, B. & Langrova, A., 2004.
Anomalous magnetic susceptibility values and traces of
subsurface microbial activity in carbonate banks on San
Salvador Island, Bahamas. Faciès, 50: 161-182.

Hladil, J., Gersl, M., Strnad, L., Frana, J., Langrova,
A. & Spisiak, J., 2006. Stratigraphie variation of complex
impurities in platform limestones and possible significance
of atmospheric dust: a study with emphasis on gamma-ray
spectrometry and magnetic susceptibility outerop logging
(Eifelian-Frasnian, Moravia, Czech Republic). International
Journal ofEarth Sciences, 95: 703-723.

Horbury, A.D. & Adams, A.E., 1996. Microfacies
associations in Asbian carbonates: an example from the
Urswick Limestone Formation of the southern Lake District,
northern England. Geological Society of London, Special
Publication, 107: 221-237.

Hubert, B., 2008. Detailed lithology and faunal occurrence
of the historical Givetian section: the fortifications of
the Mont d'Haurs (Givet, France). Annales de la Société
géologique du Nord, 15, 2emesér.: 53-65.
Hubert, B., Brice, D., Cronier, C., Milhau, B., Mistiaen,
B., nicollin, J.-R, & zapalski, M., 2007. Distribution of
stromatoporoids, tabulate corals, brachiopods, trilobites and
ostracods around the Hanonet - Trois-Fontaines formations
boundary (Givet, France) - Affinities and paleogeographical
implications. Abstract lst International Palaeogeography
Symposium, Paris 10-13 July: 49.
Kahle, F.C., 1977. Origin of subaerial Holocene
calcareous crusts: rôle of algae, fungi and sparmicritisation.
Sedimentology, 24: 413-435.

kasimi, R., 1993. Sédimentologie et cyclostratigraphie des
couches de transition Eifelien - Givetien au bord sud du
Bassin de Dinant (Belgique, France). Unpublished Ph.D
University of Brussels, 273 pp.

Kasimi, R., & PrÉat, A. 1996. Sédimentation de rampe
mixte silico-carbonatée des couches de transition
eiféliennes-givétiennes franco-belges. Deuxième partie:

Cyclostratigraphie et paléostructuration. Bulletin des Centres
de Recherches Exploration-Production Elf-Aquitaine, 20
(1): 61-90.

Kummerow, E., 1953. Ober oberkarbonische und devonische
Ostracoden in Deutschland und in der Volksrepublik Polen.
Geologie, 7, 75 pp.

Krömmelbein, K., 1953. Ostrakoden-Studien im Devon der
Eifel - 3: Nachweis der polnischen Gattungen Polyzygia und
Poloniella im Mittel-Devon der Eifel. Senckenbergiana, 34
(1-3): 53-59.

Langer, W., 1979. Neue karbonatische Microproblematica
aus dem westdeutschen Devon. Neues Jahrbuchfiir Geologie
und Palàontologie Monatshefte, 12: 723-733.

Lethiers, F. & Crasquin-Soleau, s., 1988. Comment
extraire les microfossiles à tests calcitiques des roches
calcaires dures. Revue de Micropaléontologie, 31 (1): 56-
61.

mabille, C. & boulvain, F., 2007. Sedimentology and
magnetic susceptibility of the Couvin Formation (Eifelian,
south western Belgium): carbonate platform initiation in a
hostile world. Geologica Belgica, 10 (1-2): 47-67.

Mabille, C. & boulvain, F., 2008. Les Monts de Baileux
section: detailed sedimentology and magnetic susceptibility
of Hanonet, Trois-Fontaines and Terres d'Haurs Formations
(Eifelian/Givetian boundary and Lower Givetian, SW
Belgium). Geologica Belgica, 11: 93-121.

Magne, F, 1964. Données micropaléontologiques et
stratigraphiques dans le Dévonien du Boulonnais (France)
et du Bassin de Namur (Belgique). Thèse de 3lème cycle,
Université de Paris, Société nationale des Pétroles
d'Aquitaine, Centre de Recherches de Pau, 172 pp.

Maillet, S., 2010. Les ostracodes du Givétien supérieur
au bord sud du Synclinorium de Dinant (Formation de
Fromelennes, région de Givet, Ardennes): biostratigraphie,
paléoécologie, recherche de bioévénements. Unpublished
Master thesis in Environment, University of Lille 1, 40 pp.

mamet, B. & préat, A., 1985. Sur quelques Algues
Vertes nouvelles du Givétien de la Belgique. Revue de
Micropaléontologie, 28: 67-74

mamet, B. & préat, A., 2005. Microfaciès d'une lentille
biohermale à la limite Eifélien-Givétien (Wellin, bord sud du
Synclinorium de Dinant). Geologica Belgica, 8 (3): 85-111.
Mamet, B. & préat, A., 2009. Algues et microfossiles
problématiques du Dévonien Moyen du "Fondry des Chiens"
(bord sud du Synclinorium de Dinant, Belgique): implications
paléobathymétriques. Revue de Micropaléontologie, 52:
249-263.

Mamet, B. & roux, A., 1981. Note sur le genre Issinella
(algue paléozoïque). Revue de Micropaléontologie, 23 (3-4):
151-158.

Milhau, B., 1988. Ostracodes du Givétien de Ferques



86 Jean-Georges CASIER, Xavier DEVLEESCHOUWER, Estelle PETITCLERC & Alain PRÉAT

(Dévonien Moyen, Boulonnais, France). In: D. Brice (éd.),
Le Dévonien de Ferques, Bas-Boulonnais (N. France).
Biostratigraphie du Paléozoïque, 7: 479-491.

Olempska, e., 1979. Middle to Upper Devonian Ostracoda
from the Southern Holy Cross Mountains, Poland.
Palaeontologica Polonica, 40: 57-162.

Pokorny, V., 1950. Skorepatci strednodevonskych
"cervenych vapencu koralovych" z Celechovic. Sbornik
StatnihoGeoIogickeho Ustavu Ceskoslovenske Republiky,
Oddil Paleontologicky, 17: 513-632.

Préat, A. & Mamet, B., 1989. Sédimentation de la plate¬
forme carbonatée givétienne franco-belge. Bulletin des
Centres de Recherche Exploration-Production Elf-Aquitaine,
13, (1): 47-86.

Préat, A., Blockmans, S., Capette, L„ Dumoulin, V. &
Mamet, b., 2007. Microfaciès d'une lentille biohermale à
la limite Eifélien-Givétien ("Fondry des Chiens", Nismes,
bord sud du Synclinorium de Dinant). Geologica Belgica,
10(1-2): 3-25.

Préat, A. & Kasimi, R., 1995. Sédimentation de rampe
mixte silico-carbonatée des couches de transition eiféliennes-
givétiennes franco-belges. Première partie: microfaciès et
modèle sédimentaire. Bulletin des Centres de Recherche

Exploration-Production Elf-Aquitaine, 19 (2): 329-375.

rlquier, l., averbuch, o., devleeschouwer, x. &
Tribovillard, N., 2010. Rock magnetic évidences for
a major climatic transition at the Frasnian-Famennian
boundary (ca 375 Ma BP). International Journal of Earth
Sciences, 99: S57-S73. DOI 10.1007/s00531-009-0492-7.

ROBINSON, S.G., 1993. Lithostratigraphic applications for
magnetic susceptibility logging of deep sea sediment cores:

examples from ODP Leg 115. In: Hailwood, E.A., Kidd,
R.B., (eds.), High Resolution Stratigraphy. Geological
Society ofLondon, Special Publication, 70: 65-98.

Rozhdestvenskaja, A., 1959. Ostrakody terrigennoy
tolshchi Devona zapadnoy Bashkirii i ikh stratigraficheskoe
znachenie. In: E. Chribikova & A. Rozhdestvenskaja
(eds), Materialy po paleontologii i stratigrafii Devonskish i
bolee drevnikh otlozheniy Bashkirii: 117-247.

SHINN, E.A., 1968. Practical significance of birdseyes
structures in carbonate rocks. Journal of Sedimentary
Petrology, 38 (1): 215-223.

Shinn, E.A., 1983. Birdseyes, fenestrae, shrinkage pores and
loferites: a réévaluation. Journal of Sedimentary Petrology,
53:619-628.

Tebbutt, G.E., Conley, C.D. & Boyd, D.W., 1965.
Lithogenesis of a carbonate rock fabric. Contribution in

Geology, 4(1): 1-1.

Vail, P.R., Audemard, F., Bowman, S.A., Eisner, P.N.
& Perez-Cruz, C., 1991. The stratigraphie signatures of
tectonics, eustacy and sedimentology. An overview. In:
Einsele, G., Ricken, W. & Seilacher, A. (eds), Cycles and
events in stratigraphy. Springer Verlag, Berlin: 617-659.

Vanderaveroet, P., Averbuch, O., Deconinck, J.-F. &
Chamley, H, 1999. Glacial/interglacial cycles in Pleistocene
sédiments of New Jersey expressed by clay minerais, grain
size and magnetic susceptibility data. Marine Geology, 159:
79-92.

Van Wagoner, J.C., Mitchum, R.M., Posamentier,
H.W. & Vail, P.R., 1987. Seismic stratigraphy interprétation
using sequence stratigraphy. Part II: the key définitions
of sequence stratigraphy. In: Bally, A.W. (éd.), Atlas of
seismic stratigraphy 1. American Association of Petroleum
Geologists, Studies in Geology, 27: 11-14

Wagner, C.W. & Van Der Togt, C., 1973. Holocene
sediment types and their distribution in the southern Persian
Gulf. In: Purser, B.H. (ed), The Persian Gulf, Holocene
Carbonate Sédimentation and Diagenesis in a Shallow
Epicontinental Sea: 23-155.

Walliser, O., Bultynck, P., Weddige, K., Becker, R. &
House, M., 1995. Définition of the Eifelian / Givetian Stage
Boundary. Episodes, 18: 107-115.

wllson, J.L., 1975. Carbonate Facies in Geologie History.
Springer Verlag, Berlin, 471 pp.

Zbikowska, B., 1983. Middle to Upper Devonian Ostracods
fforn northwestern Poland and their stratigraphie significance.
Palaeontologica Polonica, 44, 108 pp.

Zegers, T.E., Dekkers, M.J. & Bailly, S., 2003. Late
Carboniferous to Permian remagnetization of Devonian
limestones in the Ardennes: rôle of température, fluids, and
déformation. Journal of Geophysical Research, 108 (B7):
2357.

Zwing, A., Matzka, J., Bachtadse, V. & Soffel, H., 2005.
Rock magnetic properties of remagnetized Palaeozoic clastic
and carbonate rocks from the NE Rhenisch Massif, Germany.
Geophysical Journal International, 160: 477-486.

Jean-Georges Casier
Département de Paléontologie
Section Micropaléontologie-Paléobotanique
Institut royal des Sciences naturelles de Belgique
Rue Vautier, 29, B-1000 Bruxelles, Belgique
E-mail: casier@naturalsciences.be

Xavier devleeschouwer
Service géologique de Belgique
Institut royal des Sciences naturelles de Belgique
Rue Jenner, 13, B-1000 Bruxelles, Belgique
E-mail: xavier.devleeschouwer@naturalsciences.be



Early Givetian ostracods and rock analysis at Givet, France 87

Estelle Petitclerc
Service géologique de Belgique
Institut royal des Sciences naturelles de Belgique
Rue Jenner, 13, B-1000 Bruxelles, Belgique
E-mail: estelle.petitclerc@naturalsciences.be

Alain PrÉat

Département des Sciences de la Terre et de
l'Environnement
Université libre de Bruxelles CP 160
Av. F. D. Roosevelt, 50, B-1050 Bruxelles, Belgique
E-mail: apreat@ulb.ac.be

Typescript submitted: November 30, 2010.
Revised typescript received: June 17, 2011

ANNEXE 1

A list of Givetian ostracods figured by coen (1985) and
recently lodged with the collection of the Department
of Paleontology of the Belgian royal Institute of natural
Sciences. The numbering (IRScNB n° b 54...) is new.
Ostracod specimens from the Mont d'Haurs are printed in
bold.

b5451. Kozlowskiella rugulosa (kummerow, 1953). Pl. 1,
Fig. 1;
b5452. Kozlowskiella rugulosa (Kummerow, 1953). Pl. 1,
Fig. 2;
b5453. Kozlowskiella rugulosa (Kummerow, 1953). Pl. 1,
Fig. 3;
b5454. Kozlowskiella sp. Pl. 1, Fig. 4;
b5455. Falsipollex? sp. Pl. 1, Fig. 5;
b5456. Tetrasacculus sp. Pl. 1, Fig. 6a,b;
b5457. Semibolbina sp. Pl. I, Fig. 7a,b;
b5458. Parapribylites hunaicus POKORNY, 1950. Pl. 1, Fig.
8a-c;
b5459. Parapribylites hanaicus Pokorny, 1950. Pl. 1, Fig. 9;
b5460. Kielciella fastigans (Becker, 1964). Pl. I, Fig.
10a,b;
b5461. Kielciella fastigans (becker, 1964). Pl. I, Fig. 11;
b5462. Gravia schallreuteri becker, 1970. Pl. 1. Fig. 12;
b5463. Gravia schallreuteri becker, 1970. Pl. 1, Fig. 13;
b5464. Coryellina curta (polenova in rozhdestvens-
kaja, 1959). Pl. 2, Fig. 1;
b5465. Coryellina curta (polenova in ROZH destvens-
kaja, 1959). Pl. 2, Fig. 2;
b5466. Kielciella dorsi adamczak, 1968? Pl. 2, Fig. 3a,b;
b5467. Kielciella dorsi adamczak, 1968? Pl. 2, Fig. 4;
b5468. Urftella adamczaki becker, 1970. Pl. 2, Fig. 5a,b;
b5469. Coryellina cybaea rozhdestvenskaja, 1959. Pl. 2,
Fig. 6;
b5470. Buregia ovata (kummerow, 1953). Pl. 2, Fig. 7;
b5471. Buregia ovata (kummerow, 1953). Pl. 2, Fig. 8a,b;

b5472. Botzentia? solitaris solitaris adamczak, 1968.
Pl. 2, Fig. 9;
b5473. Roundyellapatagiata (becker, 1964). Pl. 2, Fig. 10;
b5474. Roundyella patagiata (becker, 1964). Pl. 2, Fig. 11;
b5475. Refrathella cf. struvei Becker, 1967. Pl. 2, Fig. 12;
b5476. Refrathella struvei becker, 1967. Pl. 2, Fig. 13;
b5477. Refrathella struvei becker, 1967. Pl. 2, Fig. 14;
b5478. Refrathella cf. incompta Becker, 1971. Pl. 2, Fig.
15a,b;
b5479. Nodelia faceta rozhdestvenskaja, 1972. Pl. 3,
Fig. 1;
b5480. Nodella faceta rozhdestvenskaja, 1972. Pl. 3,
Fig. 2;
b5481. Nodella hamata BECKER, 1968. Pl. 3, Fig. 3;
b5482. Aechmina sp. Pl. 3, Fig. 4;
b5483. Coeloenellina minima (Kummerow, 1953). Pl. 3,
Fig. 5a,b;
b5484. Coeloenellina cf. bijensis (ROZHDESTVENSKAJA,
1959). Pl. 3, Fig. 6;
b5485. Coeloenellina cf. bijensis (Rozhdestvenskaja,
1959). Pl. 3, Fig. 7a,b, Fig. 4 in text;
b5486. Coeloenellina optata (Polenova, 1955). Fig. 5 in
textu;
b5487. Coeloenellina vellicata n. sp. Holotype. Pl. 3, Fig.
8a,b;
b5488. Coeloenellina vellicata n. sp. Paratype. Pl. 3, Fig.
9a,b;
b5489. Samarella aff. laevinodosa becker, 1964. Pl. 3,
Fig. 10a,b;
b5490. Balantoides brauni (becker, 1968). Pl. 3, Fig. 11;
b5491. Balantoides brauni (becker, 1968). Pl. 3, Fig. 12;
b5492. Rectella trapezoides zaspelova, 1959? Pl. 3, Fig.
13a,b;
b5493. Evlanella mitis adamczak, 1968. Pl. 3, Fig. 14;
b5494. Evlanella mitis adamczak, 1968. Pl. 3, Fig. 15;
b5495. Evlanella mitis adamczak, 1968. Pl. 3, Fig. 16;
b5496. Evlanella mitis adamczak, 1968. Pl. 3, Fig. 17;
b5497. Poloniella tertia krömmelbein, 1953. Pl. 4,
Fig. 1;
b5498. Poloniella tertia krömmelbein, 1953. Pl. 4,
Fig. 2;
b5499. Poloniella tertia KRÖMMELBEIN, 1953. Pl. 4,
Fig. 3a,
b; b5500. Poloniella claviformis (kummerow, 1953). Pl.
4, Fig. 4a,b;
b5501. Uchtovia abundans (pokorny, 1950). Pl. 4,
Fig. 5a,b;
b5502. Uchtovia abundans (pokorny, 1950). Pl. 4,
Fig. 6a,b;
b5503. Uchtovia abundans (pokorny, 1950). Pl. 4, Fig. 7;
b5504. Evlanella germannica becker, 1964. Pl. 4, Fig. 8;
b5505. Evlanella germannica becker, 1964. Pl. 4, Fig. 9;
b5506. Evlanella germannica becker, 1964. Pl. 4, Fig. 10;
b5507. Evlanellafbulaeformis (rozhdestvenskaja, 1959).
Pl. 4, Fig. 11;
b5508. Uchtovia refrathensis (KRÖMMELBEIN, 1954). Pl. 5,
Fig. la,b;
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timorensis représentative because the platform margins
are not nodose as mentioned in the original diagnosis
of Klapper, Philip & Jackson, 1970.
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Explanation of plates

Most fïgured specimens are from the Mech Irdane (MI) section. They are deposited in the collections of the Museum of the
Geoscience Center, Goettingen University (GZG). They bear a tripartite registration number e.g. 1601-487-Y104-7. The
number 1601 is the collection number, 487 is the locality number of the Mech Irdane section and Y104-7 is the number
of a figured specimen, 104 is the sample number and 7 refers to the specimen. Other figured specimens are from the Bou
Tchrafine section (BT) and from the eastern part of the Jebel Ou Driss (ODE). They are deposited in the micropaleontological
collections of the Department of Palaeontology of the Royal Belgian Institute ofNatural Sciences (IRScNB n° b6305-b6381)
Magnifications are x50 unless otherwise noted. The figured specimens are upper views of Pj elements except where otherwise
stated.

Plate 1

Fig. 1 — Polygnathuspseudofoliatus WtTTEKJNDT, 1966, alpha morphotype, n. 1601-487-Y104-7.
Fig. 2 — Polygnathus pseudofoliatus wittekindt, 1966, beta morphotype, n. 1601-487-Y107-3.
Figs 3-5 — Polygnathus pseudoeiflius n. sp., holotype and two paratypes, n°s 1601-487-Y108-10, 115-12 and 113-39;

Fig. x60.
Fig. 6 — Polygnathus eiflius blschoff & zlegler, 1957, n° 1601 -487-Y115-5.
Figs 7-10 — Polygnathus aff. P. pseudofoliatus WITTEKINDT, 1966, transitional forms to Polygnathus hemiansatus

BULTYNCK, 1987, n°s 1601-487, Y122-3, Y122-15 and 16, Y122-6; Fig. 10x60.
Fig. 11 — Polygnathus hemiansatus bultynck, 1987, alpha morphotype, n° 1601 -487-Y 123-7; x60.
Figs 12-15 — Polygnathus hemiansatus BULTYNCK, 1987, gamma morphotype, n°s 1601 -487-Y 123-15, Y-123-2, Y-125-

17, Y127-6; Figs 12, 14, 15x60.
Fig. 16 — Polygnathus hemiansatus BULTYNCK, 1987, beta morphotype, n° 1601 -487-Y 131 -42.
Fig. 17 — Polygnathus hemiansatus bultynck, 1987, gamma morphotype, n° 1601-487-Y132-5; x60.
Fig. 18 — Polygnathus aff. P. pseudofoliatus WITTEKINDT, 1966, transitional form to Polvgnathus amphora n. sp., n°

1601 -487-Y 118-28; x60.
Figs 19-20 — Polygnathus amphora n. sp., holotype and a juvénile form, n°s 1601 -487-Y 131 -49, Y118-7.
Figs 21-22 — Polygnathus ensensis ZlEGLER & KLAPPER, 1976, n°s 1601 -487-Y 123-19 and Y123-14, oblique-lateral

view.

Plate 2

Figs 1-2 — Polygnathus robusticostatus BlSCHOFF & ZlEGLER, 1957, n°s 1601-487-X109-2 and XI08-5.
Figs 3-4 — Polygnathus angusticostatus WITTEKINDT, 1966, n°s 1601-487-X112-3 and X104-3.
Fig. 5a,b — Polygnathus angustipennatus BlSCHOFF & ZlEGLER, 1957, n°s 1601-487-X 104-29; fig. 5b is an oblique

latéral view.

Fig. 6 — Polygnathus trigonicus BlSCHOFF & ZlEGLER, 1957, n° 1601-487-X104-22.
Fig. 7 — Polygnathus hemiansatus BULTYNCK, 1987, beta morphotype, sample ODE 7-5, n° IRSNB b6305.
Fig. 8a-b — Polygnathus timorensis KLAPPER, PHILIP & JACKSON, 1970, sample BT20, n°s IRSNB b6366; 8b is an

outer latéral view.

Fig. 9a-b — Polygnathus timorensis KLAPPER, PHILIP & JACKSON, 1970, sample BT20, n°s IRSNB b6367; 9b is an
outer latéral view.

Fig. 10 — Tortodus n. sp. A, n° 1601-487-139-X, inner latéral view; x60.
Figs 11-12 — Tortodus ? intermedius (BULTYNCK, 1966), n°s 1601-487-X 104-12 and X104-13; fig. 12 is an inner latéral

view.

Figs 13-14ab— Tortodus variabilis (BlSCHOFF & ZlEGLER, 1957), n° 1601-487-X157-X and ODE-8-21; fig. 14b isan outer
latéral view; the anterior part is broken; Fig. 14 a, b x60.

Fig. 15 — Tortodus sardinia MAWSON & TALENT, 1989, n° 1601-487-X128-19, inner latéral view.
Figs 16-17 — Polygnathus timorensis KLAPPER, PHILIP & JACKSON, 1970, n°s 1601-487-X139-1 and X139-6; Fig. 17 is

an inner latéral view.
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Plate 3

Fig. 1 — Polygnathus linguiformis linguiformis FIlNDE, 1879, y la morphotype, n° 1601-487-L108-2.
Fig. 2 — Polygnathus linguiformis linguiformis HlNDE, 1879, ylb morphotype, n° 1601-487-L 107-2, inner oblique

latéral view.

Fig. 3 — Polygnathus linguiformis linguiformis FIlNDE, 1879, y2 morphotype, n° 1601-487-L 108-1.
Figs4-6 — Polygnathus linguiformis linguiformis FIlNDE, 1879, y3 morphotype, n°s 1601 -487-L122-13, L122-8 and

L122-7.

Figs 7-8 — Polygnathus linguiformis klapperi clausen, leuteritz & zlegler, 1979, n°s 1601 -487-l 123-54 and
L118-1 ; Fig. 8 is an oblique inner latéral view.

Fig. 9 — Polygnathus linguiformis sp. A uyeno & bultynck, 1993, n° ODE-8-10, n° IRScNB b6368; x60.
Figs 10-11 — Polygnathus linguiformis weddigei CLAUSEN, LEUTERITZ & ZlEGLER, 1979, n°s 1601-487-L141 -21 and

— L130-ob-4.

Figs 12-14 — Polygnathus conradi CHATTERTON, 1978, n°s 1601-487-X123-1, X127-1 and L141-31.
Figs 15-16 — Polygnathus parawebbi CHATTERTON, 1974, n°s 1601-487-L 104-13 and L103-2; oblique inner latéral

views, Fig. 15 x60.

Plate 4

Magnification x45, except where otherwise stated.

Figs 1-4 — Icriodus hollardi n. sp., holotype and three paratypes, 1, 2 sample ODE-8-19 and 3, 4 sample BT-15, n°s
IRScNB b6369, b6370, b6371 and b6372; Fig. 4 is an inner latéral view.

Figs 5-6 — Icriodus hollardi n. sp., two paratypes n°s 1601-487-J109-5 and J104-5.
Figs 7ab-8 — Icriodus amabilis BULTYNCK & HOLLARD, 1980, sample ODE-8-9, n° IRScNB b6373, Fig. 7b is a lower

view and 8 is an outer latéral view.
Figs 9-10a b — Icriodus struvei Weddige, 1977, sample ODE-8-9 and ODE-8-21, n° IRScNB b6374 and b6375; Fig. 10b

is an inner latéral view.

Figs 11-12 — Icriodus walliserianus WEDDIGE, 1988, n°s 1601-487-J219-2 and J123-52.
Figs 13-15 — Icriodus regularicrescens BULTYNCK, 1970, samples ODE-8-23, ODE-8-19, ODE-X-X, n°s IRScNB

b6376, b6377 and b6378; Fig. 15 is a transitional form to Icriodus obliquimarginatus Bischoff & ZlEGLER,
1957.

Fig. 16ab — Icriodus obliquimarginatus bischoff & ZlEGLER, 1957, beta morphotype, sample ODE-7-11, n° IRScNB
b6379 ; Fig. 16b is an inner latéral view of the same specimen; x62.

Figs 17-19 — Icriodus obliquimarginatus bischoff & ZlEGLER, 1957, alpha morphotype n°s 1601-487-J125-9, J125-7
and J129-20.

Fig. 20a b — Icriodus regularicrescens BULTYNCK, 1970, transitional form to Icriodus obliquimarginatus, n° 1601-487-
J104-2; Fig. 2b is an inner latéral view.
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