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Pélagie and neritic conodont successions from the Givetian
of pre-Sahara Morocco and the Ardennes

by Pierre BULTYNCK

Abstract

The present paper deals with conodont faunas ranging from the
kockelianus Zone (late Eifelian) almost to the top of the Upper
varcus Subzone (late Givetian). In the Ardennes, the conodont suc¬
cession is primarily based on sections in the type area of the Givet
Limestone, a 400 m thick sequence of mainly shallow water platform
carbonates. Conodont faunas are dominated by species of Icriodus
and Eognathodus. Species of Ozarkodina and Polygnathus are rare
and in général their frequency is too low to ensure précisé vertical
ranges. Consequently, a direct and accurate corrélation with the Eife-
lian-Givetian standard conodont zonation, established in the pelagic
facies and based on species of Polygnathus, is difficult to establish.
An alternative Icriodus zonation is proposed. In the Tafilalt (pre-
Sahara of Morocco), the zonal succession is established in the Bou
Tchrafine section near Erfoud in the middle and upper part of the
Bou Tchrafine Group and the base of the Bouia Formation, a 17 m
thick condensed cephalopod limestone sequence belonging to the
pelagic realm. Species of Polygnathus are particularly abundant; spe¬
cies of Icriodus occur but their général distribution is more irregular.
The Standard conodont zones are recognized, although a refinement
of the zonation is proposed. In the Ma'der three sections in the NW
part of the Issimour arch are studied. The sequence, 240 m thick,
extends from the Taboumakhlouf Formation into the Middle Member
of the Bou Dib Formation. Sédiments and fauna reflect a neritic shelf
environment. Conodont faunas are generally dominated by species
of Polygnathus although species of Icriodus occur regularly and may
be abundant. The conodont Standard zonation and the alternative
Icriodus zonation are both partially recognized in the same beds. The
lowest occurrence of Polygnathus hemiansatus n. sp. within the ensen-
sis Zone recognized in four sections from pre-Sahara Morocco and
also in the Cantabrian Mountains (Spain) and in the Guangxi Province
(South China) is considered here as a good potential level for the
Eifelian-Givetian boundary. Three new species of Icriodus are des-
cribed: I. platyobliquimarginatus, I. lilliputensis and I. obesus.
Key-words: Biostratigraphy, Conodonts, Givetian, Ardennes, pre-
Sahara Morocco.

Résumé

La présente contribution concerne des faunes à Conodontes observées
de la Zone à kockelianus (fin de l'Eifelien) jusque près du sommet
de la Sous-Zone à varcus Supérieure (fin du Givetien). Dans les
Ardennes, la succession à Conodontes est principalement établie
d'après l'étude de coupes situées dans la région-type du Calcaire de
Givet, séquence épaisse de 400 m et surtout formée de carbonates
déposés en milieu de plate-forme peu profonde. Les faunes à Cono¬
dontes sont dominées par des espèces d'Icriodus et d'Eognathodus.

Les espèces d'Ozarkodina et de Polygnathus sont rares et leurs trop
faibles fréquences ne permettent généralement pas d'établir avec
exactitude les extensions stratigraphiques. Par conséquent, une corré¬
lation directe et précise avec la zonation standard à Polygnathus
établie dans le facies pélagique est difficile à établir. Une zonation
parallèle à Icriodus est proposée. Dans le Tafilalt (Maroc pré¬
saharien), la succession des zones est établie dans la coupe de Bou
Tchrafine, près d'Erfoud, dans les parties moyenne et supérieure du
Groupe de Bou Tchrafine et à la base de la Formation de Bouia;
cette sequence condensée de calcaires à Céphalopodes est épaisse de
17 m et appartient au domaine pélagique. Les espèces de Polygnathus
sont spécialement abondantes; les espèces d'Icriodus sont présentes
mais leur distribution est généralement plus irrégulière. Les zones
classiques à Conodontes sont reconnues bien qu'une subdivision plus
détaillée soit proposée. Dans le Ma'der, trois coupes sont étudiées
dans la partie NW d'Issimour. La séquence, épaisse de 240 m, est
étendue de la Formation de Taboumakhlouf jusqu'au Membre Moyen
de la Formation de Bou Dib. Les sédiments et la faune reflètent un

environnement néritique de plate-forme. Les faunes à Conodontes
sont généralement dominées par des espèces de Polygnathus bien que
les espèces d'Icriodus soient régulièrement présentes et puissent être
abondantes. La zonation standard à Conodontes et la zonation paral¬
lèle à Icriodus sont toutes deux partiellement reconnues dans les
mêmes bancs. La première apparition de Polygnathus hemiansatus n.
sp. dans la Zone à ensensis est établie dans quatre coupes du Maroc
présaharien et est aussi reconnue dans les Monts Cantabriques, en
Espagne, et dans la Province de Guangxi, en Chine méridionale; ce
niveau biostratigraphique offre de bonnes possibilités de corrélation
en ce qui concerne la limite Eifelien-Givetien. Trois nouvelles espèces
d'Icriodus sont fondées: 1. platyobliquimarginatus, I. lilliputensis et
I. obesus.
Mots-clefs: Biostratigraphie, Conodontes, Givetien, Ardennes,
Maroc présaharien.

I. - Introduction

This paper provides new data on Eifelian-Givetian
conodont successions, from the kockelianus Zone up
to the Upper varcus Subzone, in new and previously
described sections in the southeastern pre-Sahara of
Morocco (Bultynck & Hollard, 1980; Bultynck
& Jacobs, 1981; Bultynck, 1985) and from the type
area of the Givet Limestone in the Belgian-French
Ardennes. Eifelian and Givetian conodont faunas
from the latter région have been studied in bultynck
(1972, 1974, 1976), Bultynck & Godefroid (1974)
and Coen, Bultynck & Pel (1974).
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Comparison between the conodont successions from
the two areas illustrâtes the difficulties encountered
when correlating sections with different conodont bio-
facies. During the Givetian shallow water platform
carbonate deposits predominated over a large part of
the world. In these deposits mainly Icriodontidae
occur, while the critical Polygnathus species of the
standard zonation, in the present case the ensensis
and varcus Zones, are absent or very rare. This is
particularly true for the Givetian of the type area
form which an alternative Icriodus zonation, proposed
here, is the most accurate and useful tooi. This Icrio¬
dus zonation is correlated with the standard zonation
and with a refined Polygnathus succession recognized
in the Eifelian-Givetian sections from Morocco with
a deeper neritic or pelagic facies. This succession is
conceived as a régional improvement of the Standard
zonation. Reasons for this and the modifications can

be summarized as follows. bultynck & hollard
(1980, p. 42) recognized in the Bou Tchrafine section
(Tafilalt) a form Polygnathus aff. P. ansatus that
enters 1.85 m above the top of the kockelianus Zone
and below the first occurrence of P. timorensis, which
defines the base of the varcus Zone. Klapper &
Johnson (1980, p. 413) considered this form to be

identical to P. ansatus, the first occurrence of which
characterizes the base of the Middle varcus Subzone.

According to this synonymy the ensensis Zone and
the Lower varcus Subzone would be missing or repre-
sented in the 1.85 m unsampled interval. Sampling of
this interval and restudy of Bultynck's & Hol-
LARD's (1980) collections confirm the différences
between P. ansatus and P. aff. P. ansatus, described
herein as P. hemiansatus n. sp. This species is iden-
tified in other Moroccan sections and outside Morocco
and its earliest occurrence is used to subdivide the
ensensis Zone into two subzones.
Bultynck & Hollard (1980, p. 47) also proposed
replacement of the varcus Zone, with its threefold
subdivision, by four zones. weddige (1984, p. 185)
suggested comparable nomenclatorial modifications
for the varcus Zone. Huddle (1981) drew attention
to the difficulty in using the varcus Zone in western
New York, due in part to the scarcity of the species.
That P. varcus is rare in the western New York succes¬

sion can also be concluded from the conodont distri¬
bution tables in Ziegler, Klapper & Johnson
(1974, tabl. 1-4), where the species is recorded from
only one sample in one section. Therefore, although
the subdivisions of the varcus Zone are mentioned in

Fig. 1. - Sketch map showing the Mont d'Haurs sections at Givet. Inset map shows location of Givet.
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figures 2, 4 and 6 for reasons of common usage, a
more précisé régional zonation for this biostratigraphi-
cal interval is given in figure 9.

II. - Sections and their conodont successions

II-l. Ardennes Sections Mont d'Haurs and Frome-
lennes

(France IGN Mapsheet Givet XXX-7)
(Figs. 1-2)

The conodont results dérivé mainly from the succes¬
sion at Mont d'Haurs, an old fortification on the east
side of the Meuse at Givet, where the top of the
Hanonet Formation (late Eifelian) and the two lower
formations of the Givet Group, the Trois-Fontaines
and the Mont d'Haurs Formations, are exposed.
Seventy-five 3 to 6 kg samples have been processed.
Conodont samples from Mont d'Haurs mentioned in
Bultynck (1972) and in Coen, Bultynck & Pel
(1974) have been incorporated in the sample succes¬
sion on figure 2. The succession at Mont d'Haurs is
established on the basis of six sections (Fig. 1, A to
F). The distribution of the samples according to these
sections is given in the locality and sample index.
Data for the top of the Mont d'Haurs Formation and
the lower part of the Fromelennes Formation are
based on sampling of the section at Fromelennes by
Bultynck (1974).
I use the lithostratigraphic subdivisions established by
Sartenaer & Errera, in Errera, Mamet & Sar-
tenaer (1972) with the single exception that the base
of the Mont d'Haurs Formation is drawn at the base
of phase 10 and not at the base of phase 8. In the
same paper (1972) Errera & Mamet recognized
thirty-one sedimentary major phases (Fig. 2, column
B) representing an alternation of open marine fore-
reef deposits with reef deposits (coral and stromatopo-
roïd biostromes) and back-reef deposits, the last two
of which largely dominate in the succession. All the
conodont samples have been located with reference
to these phases.
Conodont faunas are generally sparse, most com-
monly about 5 up to 20 specimens/kg, rarely more
than 20/kg, and in only two samples more than 100/kg.
The most productive samples are from phases 7, 8
and 9 just below the Mont d'Haurs Formation and
from the basai part of the Fromelennes Formation;
each case involves an open marine fore-reef environ¬
ment with calcareous shales, carbonated nodules and
argillaceous and silty limestones. The macrofauna
includes brachiopods, tabulate and rugose corals, and
trilobites. Samples from the back-reef environment,
sample 17 to 24 and above sample 62, were barren.
The conodont faunas are dominated by Icriodus taxa
and Eognathodus bipennatus bipennatus in the Trois-
Fontaines Formation, and by Icriodus taxa in the
Mont d'Haurs and the Fromelennes Formation. Apart

from a few samples from the basai part of the Frome¬
lennes Formation, Polygnathus species are rare. For
this reason the boundaries of the conodont standard
zones, in the present case the ensensis Zone and the
varcus Zone with its subdivisions, cannot be identified
with precision. Using Polygnathidae it can be demon-
strated directly that the basai 5 m of the Givet Lime-
stone belong to the ensensis Zone. The eponymous
zonal species has not been found in the Mont d'Haurs
sections, but occurs 47 m below the base of the Givet
Limestone in the Hanonet Formation at Couvin, 25
km west of Givet (recorded as Polygnathus xyla in
bultynck, 1970, Pl. XV, Fig. 2). The presence of
Tortodus intermedius and Ozarkodina bidentata,
known to disappear below the top of the ensensis
Zone demonstrates that the basai 5 m of the Givet
Limestone at Givet are still within the ensensis Zone.
The first Polygnathus taxon indicative of the varcus
Zone, P. xylus xylus, occurs 92 m above this level;
P. timorensis, the first occurence of which normally
defines the base of the varcus Zone, appears much
later, in the middle part of the Mont d'Haurs Forma¬
tion. Specimens from samples 59 to 62, 220 m above
the base of the Givet Limestone, belong to a brief
open-marine incursion (phase 13) within a thick bios-
trome/back-reef sequence. There is also some évi¬
dence for the base of the Middle varcus Subzone in
the lower part of the Fromelennes Formation. This
interprétation is based on the last occurrence of P.
pseudofoliatus and the first occurrence of specimens
close to P. ansatus (see PI. 8, Fig. 9). The Upper
varcus Subzone and the hermanni-cristatus Zone were

not recognized higher in the Fromelennes Formation,
and the upper part of this formation was assigned to
the Upper dengleri Subzone by bultynck & jacobs
(1982, p. 36).
Distribution of Icriodids in the Givet Limestone is
much more regular and at some levels they are abun¬
dant. In the Trois-Fontaines Formation, the Mont
d'Haurs Formation and the lower part of the Frome¬
lennes Formation eleven Icriodus taxa occur, three of
which are new: I. platyobliquimarginatus, I. lilliputen-
sis and I. obesus. The most important stratigraphically
are I. regularicrescens, I. obliquimarginatus, I. linden-
sis and I. brevis. These probably belong to one phylo-
genetic lineage and have a wide régional distribution
in W. Europe, N. Africa and N. America (pars).
Three new Icriodus zones, regularicrescens, obliqui¬
marginatus and brevis, are established, the base of
each zone being defined by the earliest occurrence of
the zonal index. The three zones cover the kockelianus
Zone, the ensensis Zone and part of the lower varcus
Subzone. The earliest occurrence of 1. lindensis divi-
des the obliquimarginatus Zone into lower and upper
subzones.
The earliest occurrence of I. obliquimarginatus was
used by zlegler (1971, p. 24) to characterize the
obliquimarginatus Zone, abandoned since 1976. The
species is present in the top of the Hanonet Formation
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Fig. 2. - Conodont distribution and frequency in the Mont d'Haurs sections and in the lower part of the Fromelennes section.
Column A: lithostratigraphy, group and formations; B: sedimentary major phases after Errera & Mamet in
Errera, Mamet & Sartenaer (1972); C: columnar section and conodont sample numbers; D: distribution and
frequency of conodont taxa; E: conodont standard zonation; F: alternative Icriodus zonation.
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ABBREVIATIONS AND SYMBOLS FOR FIGURES.

Biostromal limestone

_ | _ | Marly limestone

Dolomitic limestone

(tabulate and rugose
corals, stromatoporoids )

Limestone nodules

Nodular limestone

Limy shale, maris

Occurrence and frequency of conodont taxa .

1-5 specimens
6-20 specimens
21 - 100 specimens
> 100 specimens

♦ earliest occurrence

♦ latest occurrence

^ known from older strata
f known from younger strata
? questionable occurrence

at Mont d'Haurs, 4 m below the base of the Givet
Limestone, although this is certainly not the earliest
record for the type area. In other sections, for exam¬
ple Wellin - Fond des Vaux 5 (BULTYNCK & gode-
froid, 1974, p. 30, between samples 19 and 22), 24
km east of Givet, and Marenne (coen, Bultynck
& Pel, 1974, p. 13, sample 1), 45 km northeast of
Givet, 1. obliquimarginatus occurs respectively 18 m
and 13 m below beds with the brachiopod Undispirifer
givefex Struve, 1981, characteristic of the base of the
Givet Limestone in the Ardennes.

Fig. 3. - Sketch map showing the Bou Tchrafine section.
Erfoud is situated in the northern Tafilalt, shown
in the small index map of part of Morocco.

Rabat

'Marrakech

• Agadir Tafilalt

Icriodus platyobliquimarginatus, a species that may be
confused with I. obliquimarginatus, occurs a little
earlier and the entry of the latter species probably
marks the conodont faunal change that corresponds
most closely to the base of the Givet Limestone in
the type area. The earliest occurence of I. lindensis
may also be close to the base of this unit. In the Mont
d'Haurs section the earliest record is 74 m above the
base of the Givet Limestone, although it should be
noted that there is a 50 m barren interval between

samples 24 and 18. In the Marenne section (coen,
Bultynck & Pel, 1974, p. 13) the species occurs in
sample 12 (specimens figured here Pl. 4, Figs. 20, 21),
14 m above the beds with Undispirifer givefex-, conse-
quently the range of the species is extended down-
wards by a dotted line in figure 2.
The earliest occurrence of Eognathus bipennatus
bipennatus is not reliably known. In the Mont d'Haurs
section it enters 70 m above the base of the Givet
Limestone, in the Marenne section, 3 m below the
level with Undispirifer givefex. This possible down-
wards extension is indicated by a dotted line in figure
2.

II-2. Tafilalt Section Bou Tchrafine

(Morocco Mapsheet Erfoud NH-30-XX-2)
(Figs. 3-4)

A typical Eifelian-Givetian succession in the pelagic
facies is exposed in the Bou Tchrafine section near
Erfoud in the southern Tafilalt. The top of the Eifelian
and most of the Givetian are represented by 17 m of
cephalopod limestone, belonging to the Bou Tchrafine
Group and subdivided into four formations by Hol-
lard (1981). Goniatites and conodonts from this part
of the section were discussed by Bultynck & Hol-
lard (1980). In the present paper the conodont
results are completed, especially in the Eifelian-Give¬
tian boundary interval, where eight supplementary
samples were taken from about 3 m of strata, between
samples 14 and 16 of the 1980 study. The goniatite
succession will be refined by Walliser (University
of Göttingen). Conodont frequency in the Eifelian
and Givetian samples from the Bou Tchrafine section
is good, most samples containing 50 to 100 specimens/
kg. Species of Polygnathus, particularly in the P. lin-
guiformis group, are abundant and diversified; species
of Icriodus occur also in most of the samples but their
frequency is irregular and species diversity is low. The
standard conodont zones, kockelianus Zone, ensensis
Zone and varcus Zone with original subdivisions, can
be recognized, although some refinement is proposed.
This includes the subdivision of the kockelianus Zone
and the ensensis Zone into lower and upper subzones
and the replacement of the varcus Zone of Ziegler,
Klapper & Johnson (1976) by four zones, in ascend-
ing order: timorensis, rhenanus-varcus, ansatus, and
semialternans-latifossatus Zones. The most characte-
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ristic features of the conodont succession are summa-

rized as follows.
1. - The entry of P. eiflius (sample 14a) is used to

define the base of the Upper kockelianus Sub¬
zone.

2. - There is a clear faunal break between samples
15+ and 15bis. Six species common in Eifelian
strata below have their last occurrence in bed
15+ or 15a, 15 cm below: P. angusticostatus, P.
angustipennatus, P. trigonicus, P. robusticostatus,
Tortodus kockelianus kockelianus and T. inter-
medius. It should be stressed that there is no

clear lithological break at this level. Typical spe¬
cimens of P. ensensis occur from sample 15bis
upwards; one questionable specimen was found
in sample 15a.

3. - P. hemiansatus n. sp. appears within the ensensis
Zone (sample 15ter). Bultynck & Hollard
(1980) and bultynck (1985) identified speci¬
mens now assigned to the new species as P. aff.
P. ansatus or as "early morphotype of P. ansatus
(see systematic part). P. hemiansatus is found in
the same stratigraphie position in three Moroccan
sections: Ma'der, Akka Bou Khedach, discussed
here below; Ouahlane (Bultynck, 1985, Fig.
10, sample 27); and Jbel Ou Driss (Hollard,
1981, sample ODE 6). I identified the new spe¬
cies in material from Guangxi Province, South
China, in sample 407 from the Sihongshan sec¬
tion described by Ziegler & Wang (1985); a
specimen is figured on Plate 8, Fig. 5. Specimens
from the Portilla Formation in the Cantabrian
Mountains (Spain) identified by garcia-lopez
(1987, Pl. 11, Fig. 23; Pl. 12, Figs. 1-6, 9) as P.
ansantus belong to P. hemiansatus. The lowest
occurrence of P. hemiansatus is proposed here
to define the base of the Upper ensensis Subzone.

4. - The base of the (Lower) varcus Subzone, ac-
cording to the définition of Ziegler, Klapper
& Johnson (1976), is recognized by the first
occurrence of P. timorensis in sample 18. It cor¬
responds with the base of the timorensis Zone of
the present paper.

5. - P. rhenanus and P. varcus first occur in sample
23. Some authors consider P. rhenanus as a

junior synonym of P. timorensis but they are
separated in the present study (see systematic
part). In different Moroccan sections P. rhenanus
and P. varcus appear distinctly later than P. timo¬
rensis. Therefore that part of the Lower varcus
Subzone with P. timorensis and before the entry

of P. rhenanus and P. varcus is defined here as

the timorensis Zone; the joint occurence of P.
rhenanus and P. varcus, which précédés the first
appearance of P. ansatus, defines the rhenanus-
varcus Zone.

6. - P. ansatus is known first in sample 28; this level
corresponds to the base of the Middle varcus
Subzone of Ziegler, Klapper & Johnson
(1976), named ansatus Zone in the present paper.
In the Bou Tchrafine section occur three "pumi-
lio„ beds, which are coquina beds containing
small terebratulids. Similar strata are well known
from the Rheinisches Schiefergebirge and consti-
tute the so-called "pumilio" Event of Lott-
mann, Sandberg, Schindler, Walliser &
Ziegler (1986). In the Bou Tchrafine section
the lowest "pumilio" bed (sample 26) is within
the rhenanus-varcus Zone (= upper part of
Lower varcus Subzone); the two upper "pumilio"
beds (between sample 27 and 28, and sample 28)
are at the base of the ansatus Zone (= Middle
varcus Zone).

7. - Polygnathus semialternans and specimens transi-
tional between P. semialternans and P. latifossa-
tus occur first in sample 32. This level corres¬
ponds closely to the base of the Upper varcus
Subzone of Ziegler, Klapper & Johnson
(1976) and is named semialternans-Iatifossatus
Zone in the present paper.

8. - The I. regularicrescens, I. obliquimarginatus and
I. brevis Zones, established in the Eifelian and
Givetian sequence of the Ardennes, are recogniz¬
ed in the Bou Tchrafine section. This Icriodus
zonation is completed here with the I. difficilis
Zone, the base of which is defined by the earliest
occurrence of the nominal species.
In the Bou Tchrafine section the base of the

obliquimarginatus Zone coïncides with the entry
of P. hemiansatus. In the Givet Limestone, as
noted earlier, the entry of I. obliquimarginatus
is the most reliable first appearance that is closest
to the base of this unit, and the provisional posi-
tioning of the Eifelian-Givetian boundary in the
Bou Tchrafine section is based on the corrélation
with this biostratigraphic level.

II-3. Ma'der Sections Akka Bou Khedach,
Taboumakhlouf Terrasse and
Taboumakhlouf South
(Morocco Mapsheet Msissi NH-30-XX-1)
(PI. 1-3 and Figs. 5, 6, 7)

Fig. 4. - Conodont distribution and frequency in the Bou Tchrafine section. Column A: Chronostratigraphy; provisional
positioning of the Eifelian-Givetian boundary is based on the corrélation with a level not far below the base of the
Givet Limestone in the type area and characterized there by the earliest occurrence of Icriodus obliquimarginatus;
b: lithostratigraphy after hollard (1981); D: columnar section and conodont sample numbers, a photo of Bou
Tchrafine with indication of key beds was published by bultynck & Jacobs (1982, Pl. 1); E: distribution and
frequency of conodont taxa; F: conodont standard zonation; G: earliest occurrence of Polygnathus species used in
refined Polygnathus zonation; H : alternative Icriodus zonation.



Fig. 5. - Geological sketch map of the Ma'der showing the five sections referred to in the text (modified from HOLLARD,
1974, Fig. 1); location of more detailed map (Fig. 6) shown by small rectangle with sections ABK, TT and TS.
lnset map of part of Morocco shows location of the Ma'der.

In the Ma'der area, about 100 km SW from Erfoud,
three sections in the NW part of the Issimour arch,
Akka Bou Khedach (ABK), Taboumakhlouf Terrasse
(TT) and Taboumakhlouf South (TS), constitute a
complete uppermost Eifelian-Givetian succession.
The sequence, about 240 m thick, extends from the
Taboumakhlouf Formation into the Middle Member
of the Bou Dib Formation (Hollard, 1974 and 1981)
The lithology, described by Hollard (1974, pp. 49-
56), and the macrofauna, mainly brachiopods, corals
at some levels and sparcely occurring goniatites,
reflect a deeper shelf environment.

Fig. 6. - Sketch map of the NW part of the Issimour arch
showing the position of measured sections Akka
Bou Khedach (ABK), Taboumakhlouf Terrasse
(TT) and Taboumakhlouf South; detail of Ma'der
map (Fig. 5).
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Fig. 7. - Conodont distribution and frequency in sections Akka Bou Khedach, Taboumakhlouf Terrasse and Taboumakhlouf
South. Columns A-H: see figure 4.

Conodont frequency is a little lower than in the Bou
Tchrafine section and varies between about 20 and
100 specimens/kg. Polygnathus species are dominant,
although not so abundant as in the Bou Tchrafine
section. Icriodus species occur regularly and are abun¬
dant at some levels.
The conodont standard zonation from the kockelianus
Zone into the Upper varcus Subzone is partially re-
cognized. It proved impossible to separate the Lower

from the Middle varcus Subzone and the base of the

Upper varcus Subzone is indicated approximatively
by the earliest occurrence of P. semialternans. Of the
three new critical entries of Polygnathus species in the
Bou Tchrafine section, two occur at the same strati¬
graphie position: P. hemiansatus in sample ABK 6,
and P. rhenanus together with P. varcus in sample
ABK 1. The alternative Icriodus zonation is also re-

cognized.
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III. Systematic Palaeontology

Représentatives of taxa mentioned in the range charts
(Figs. 2, 4, 7, 9) are figured in plates 4-9 and in figure
8. Eognathodus bipennatus bipennatus, Icriodus bre¬
vis, I. eslaensis, I. excavatus, I. lindensis, I. obliqui-
marginatus, I. aff. I. arkonensis, Polygnathus ansatus,
P. ensensis, P. rhenanus, P. semialternans and P. timo-
rensis are discussed below. Icriodus lilliputensis n. sp.,
I. obesus n. sp., I. platyobliquimarginatus n. sp. and
Polygnathus hemiansatus n. sp. are established. Ail
remarks and descriptions refer to Pa elements.

Genus Eognathodus Philip, 1965
Eognathodus bipennatus bipennatus

(blschoff & zlegler, 1957)
(Plate 9, Figures 1-10)

* 1957 Spathognathodus bipennatus n. sp. — BlSSCHOFF &
ZlEGLER, pp. 115-116, Pl. 21, Fig. 31.

Remarks:
The upper side of the platform of the holotype of E.
bipennatus bipennatus is characterized by a relatively
well developed medial groove or dépression extending
from just behind the high convex blade almost to the
posterior end. On both sides the dépression is flanked
by a row of low nodes or transversal ridges. I distin-
guish two morphotypes of E. bipennatus bipennatus.
In the alpha morphotype (Pl. 9, Figs. 1-5) the medial
groove is relatively narrow, does not extend so far
posteriorly as in the holotype and is flanked on both
sides by a smooth of weakly nodose ridge. The beta
morphotype (Pl. 9, Figs. 8-10) is very similar to the
holotype. Flowever, the beta morphotype includes
specimens with a much broader medial dépression
than in the holotype. In the Mont d'Haurs section the
alpha morphotype appears earlier than the beta mor¬
photype. The angle between the anterior margins and
the lower margin can be slightly sharp, right of slightly
obtuse, contrary to the opinion of Weddige (1977).

Genus Icriodus branson & mehl, 1938
Icriodus brevis stauffer, 1940

(Plate 6, Figures 1-14)
* 1940 Icriodus brevis n. sp. — STAUFFER, p. 424, pl. 60,

figs. 30, 43, 44, 52.
1972 Icriodus eslaensis assemblage — Bultynck, p. 81,

partim, figs. 14, B-C; non figs. 13, A, E, F = I. lin¬
densis.

1975 Icriodus brevis STAUFFER, 1940 — KLAPPER in
ZlEGLER (éd.), pp. 89-90, pl. 3, figs. 1-3.

Remarks:
The denticulation pattern on the spindle of Icriodus
brevis, I. eslaensis and I. lindensis is identical: the
medial-row and lateral-row denticles are discrete and

of equal size with a tendency to alternation; in the
medial row denticles can be intercalated. The exten¬

sion of the medial-row denticles posterior of the
spindle is relatively long: 3 to 5 denticles. The three
species can be distinguished on the basis of the outline
of the posterior extension in latéral view. In I. brevis
the denticles of this posterior extension are not mar-
kedly higher than the denticles on the spindle, the
général outline of the extension is slightly fan-shaped,
the highest denticle being at mid-length. The cusp is
inclined and generally wider than the other denticles
of the extension. For différences with I. eslaensis and
I. lindensis: see below under the discussion of these

species.

Icriodus eslaensis Van Adrichem Boogaert, 1967
(Figure 8, a-f)

* 1967 Icriodus eslaensis n. sp. — Van Adrichem Boo¬
gaert, pp. 180-181, figs. 9, 10, 12; 11?

Remarks:
There is much confusion about the status of this taxon.

According to Seddon (1970), the types of this species
belong to I. obliquimarginatus. klapper in ZlEGLER
(1975, ed.) considers the taxon synonymous with I.
brevis and weddige (1977) includes one of the pri-
mary types of I. eslaensis in I. lindensis.
After a restudy of the figured types and additional
material from the sample containing the holotype that
is figured here I consider the taxon as valid. It can be
separated from I. brevis and I. lindensis by the outline
of the posterior extension of the medial-row denticles
behind the spindle. The first denticles of the posterior
extension, 2 to 4, are relatively small, the cusp behind
is markedly higher and wider.
See also under I. brevis and I. lindensis.

Icriodus excavatus weddige, 1984
(Plate 6, Figures 21-25)

* 1984 Icriodus excavatus n. sp. — WEDDIGE, p. 208, pl. 1,
figs. 9-22.

Remarks:
In his diagnosis of I. excavatus, weddige (1984) men¬
tions that there is not always a medial dépression in
the posterior part of the spindle. The figured type
material of I. excavatus can be subdivided into a more

slender morphotype on the one hand to which the
holotype and four paratypes (Pl. 1, Figs. 10-13) all
from the sample DaI6 belong — and a broad strongly
biconvex morphotype (Pl. 1, Figs. 15-22) from a series
of samples from another locality on the other hand.
Specimens from the Givet Limestone assigned to
I. excavatus all belong to the first morphotype and the
middle-row denticles always lie in a dépression in the
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posterior part of the spindle. In the Givet Limestone
occur also specimens similar to the broad biconvex
morphotype. However, these specimens never have a
dépression in the posterior part of the spindle. There-
fore they are not included in I. excavatus and des-
cribed below as a new species I. obesus. Previously,
Bultynck (1972 and 1979) figured these forms as
Icriodus n. sp. a assemblage and I. aff. I. subterminus.
weddige (1977) included them in I. subterminus\ the
same author (1984) assigned them to I. excavatus. See
also under I. obesus.

Icriodus lindensis WEDDIGE, 1977
(Plate 4, Figures 17-22)

1972 Icriodus eslaensis assemblage — bultynck, p. 81,
partim, figs. 14, A, E, F.

* 1977 Icriodus lindensis n. sp. — WEDDIGE, pp. 293-294,
pl. 2, figs. 38-39.

Remarks:
The spindle of I. lindensis is slightly biconvex. The 3
to 4 denticles of the posterior extension of the middle
r°w increase regularly in height. The cusp is a little
higher and wider than the other denticles and slightly
to strongly reclined. In représentative specimens of/.
lindensis the posterior extension of the middle row is
slightly curved in upper view.
See also under I. brevis and I. eslaensis.

Icriodus lilliputensis n. sp.
(Plate 5, Figures 13-19)

1977 Icriodus subterminus youngquist, 1947 — Weddige,
pp. 297-298, pl. 3, figs. 44, 45.

Derivatio nominis:

Lilliputensis, from Lilliput, referring to the small size
of the species.

Types:
Holotype. I.R.Sc.N.B. N° bl893 (= Pl. 5, Fig. 14).
Paratypes. I.R.Sc.N.B. N° bl892, N° bl984, N° bl895,
N° bl896, N° bl897, N° bl898 (= Pl. 5, Figs. 13,
15-19).

Locus typicus:
Givet (France), Mont d'Haurs, section D.

Fig. 8. - Icriodus eslaensis van Adrichem Boogaert
1967 (X 120) a-d, f: upper and oblique-lateral views
of RGM383192-2, -1 and -4; Rio Esla area, Canta-
brian mountains (Spain), sample TV-C-74 in Van
Adrichem Boogaert (1967), stratum typicum of
I. eslaensis; specimens preserved at Rijksmuseum
van Geologie en Mineralogie, Leiden (The Nether-
lands). e: upper view of I.R.Sc.N.B. N° bl857;
sample Mont d'Haurs 53.
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Stratum typicum:
Givet Group, Trois Fontaines Formation, phase 7,
sample 27.

Diagnosis:
Spindle short with biconvex or triangular outline. Four
to five pairs of rounded to slightly oval-shaped lateral-
row denticles on spindle and five to six rounded
medial-row denticles. Medial-row denticles may be
connected by a longitudinal ridge and they are at the
same height as the lateral-row denticles. High and
straight anterior rim in latéral view and with promi¬
nent denticle. Posterior extension of medial row with
two to four fused denticles and not markedly higher
than the other denticles. Cusp slightly inclined. Basai
cavity moderately expanded in the posterior half of
the unit and with a weak or prominent spur.

Remarks:
I. lilliputensis is similar to I. subterminus. However,
in the latter species the denticles of the middle row
are lower than those of the latéral rows and the den¬
ticles of the posterior extension of the middle row are
abruptly and much higher than the others.

Icriodus obesus n. sp.
(Plate 6, Figures 15-20)

1972 Icriodus n. sp. a assemblage — BULTYNCK, p. 82, figs.
16, A-E.

1979 Icriodus aff. I. subterminus — BULTYNCK in BRICE
et al, p. 334, pl. 27, figs. 28, 29, 32.

Derivatio nominis:
Obesus, Latin, fat, referring to the strongly biconvex
outline of the spindle.

Types:
Holotype. LR.Sc.N.B. N° bl913 (- PI. 6, Fig. 15).
Paratypes. I.R.Sc.N.B. N° bl914, N° bl915, N° bl916,
N° bl917, N° bl918 (= PI. 6, Figs. 16-20).

Locus typicus:
Givet (France), Mond d'Haurs, section D.

Stratum typicum:
Givet Group, Mont d'Haurs Formation, phase 11,
sample 50.

Diagnosis :
Spindle thick-set and strongly biconvex, upper surface
flat. Four to six pairs of rounded to oval-shaped
lateral-row denticles, usually slightly smaller. Lateral-
row denticles well spaced. Short and broad posterior
extension of medial row with two or three fused den¬
ticles and at the same level as the other denticles on

the spindle. Nearly symmetrical and very broadly
expanded basai cavity; expansion starting near the
anterior termination; weak spur may be present.

Remarks:
1. obesus is similar to I. amabïlis Bultynck & Hol-
lard, 1980. However, specimens of the latter species
have the posterior half of the middle row set higher
than the latéral rows and the expanded part of the
basai cavity is much more posteriorly located.
In I. excavatus the basai cavity is markedly asymmetrie
and the medial-row denticles lie in a dépression in the
posterior part of the spindle. The variation of I. exca¬
vatus also includes more slender morphotypes.
See also under I. excavatus.

Icriodus obliquimarginatus
blschoff & zlegler, 1957
(Plate 4, Figures 7-10, 12-16)

* 1957 Icriodus obliquimarginatus n. sp. — BlSCHOFF &
ZlEGLER, pp. 62-63, fig. 14.

Remarks:
Most specimens assigned here to I. obliquimarginatus
perfectly demonstrate the diagnostic features men-
tioned in the emendod diagnosis of Weddige (1977).
In the present study typical specimens of I. obliqui¬
marginatus are restricted to the upper part of the
ensensis Zone and the lower part of the Lower varcus
Subzone. Below the range of I. obliquimarginatus,
Icriodus specimens occur, which are very similar to
ƒ. obliquimarginatus. However, they differ from the
latter by the high posterior cusp and the straight pos¬
terior extension of the medial row. Such specimens,
figured by Bultynck (1970, PI. 8, Figs. 2, 4, 7, 8)
were included by weddige (1977) in I. obliquimargi¬
natus. They are considered here as transitional forms
between I. regularicrescens and I. obliquimarginatus.
In most specimens recorded from the neritic shallow
water facies (Givet Limestone) the denticles on the
spindle are discrete, whereas specimens from the pela-
gic facies (Bou Tchrafine Group) develop irregular
transversal ridges on the spindle.
See also under I. platyobliquimarginatus.

Icriodus platyobliquimarginatus n. sp.
(Plate 5, Figures 1-9)

1970 Icriodus obliquimarginatus BlSCHOFF & ZlEGLER —

Bultynck, pp. 109-110, partira, pl. 8, figs. 1, 5; non
pl. 8, fig. 3 = 1. obliquimarginatus.

1972 Icriodus aff. I. obliquimarginatus assemblage —

Bultynck, p. 81, figs. 13, C, D.
1974 Icriodus aff. I. obliquimarginatus — Coen, bultynck

& Pel, pp. 13-16.

Derivato nominis:

Platys, from JtÀ,axuç, Greek, broad + obliquimargina¬
tus, referring to the broad spindle and the similarity
to I. obliquimarginatus.
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Types:
Holotype. I.R.Sc.N.B. N° bl881 (= Pl. 5, Fig. 2).
Paratypes. I.R.Sc.N.B. N° bl880, N° bl882, N° bl883,
N° bl884, N° bl885, N° bl886, N° bl887, N° bl888
(Pl. 5, Figs. 1, 3-9).

Locus typicus:
Menil (Belgium), section described in COEN, BUL-
tynck & Pel (1974, pp. 14-16).

Stratum typicum:
Givet Group, trois-Fontaines Formation, sample 67
in coen, Bultynck, Pel (1974, p. 16).

Diagnosis:
Rather robust form. Spindle broad, with triangular to
slightly biconvex outline, widest posteriorly. Four to
five pairs of transversely expanded and well-spaced
lateral-row denticles on spindle and five to seven
rounded to elongate medial-row denticles, slightly
smaller than the lateral-row denticles. Medial-row
denticles mostly connected by a longitudinal ridge that
reaches the anterior termination. Posterior extension
of the middle row with four to seven denticles and
with arcuate profile, highest medially and with mode-
rately to strongly reclined posterior border. Nearly
symmetrical basai cavity, broadly expanded posterior¬
ly-

Remarks:
I. platyobliquimarginatus is distinguished from I. obli-
quimarginatus by possessing a distinctly broader
spindle and by the different outline of the basai cavity.

Icriodus aff. I. arkonensis
(Plate 6, Figures 26-30)

Remarks:
The specimens identified herein as I. aff. arkonensis
are similar to I. arkonensis Stauffer, 1938 by the
biconvex to slightly triangular outline of the platform,
the transversely expanded lateral-row denticles, the
smaller medial-row denticles connected by a longitudi¬
nal ridge and the outline of the basai with a prominent
spur. However, in the specimens at hand the médian
ridge is less prominent, they have fewer denticles on
the spindle and the posterior extension of the middle
row is distinctly longer.

Genus Polygnathus hlnde, 1879
Polygnathus ansatus Ziegler & Klapper, 1976

(Plate 8, Figures 10-14)
* 1976 Polygnathus ansatus n. sp. — Ziegler & Klapper

in Ziegler, Klapper & Johnson, pp. 119-120,
figs. 11-26.

Remarks:
The specimens identified herein as P. ansatus are

characterized by the distinct outward bowing of the
outer and inner anterior trough margins. The trough
margins, especially the outer, are relatively long. In
specimens from the Lower Member of the Fromelen-
nes Formation identified as P. aff. P. ansatus (PI. 8,
Fig. 9) the outward bowing of the anterior trough is
only weakly indicated and the anterior trough margins
are shorter than in typical specimens of P. ansatus.
See also under P. hemiansatus.

Polygnatus ensensis ZIEGLER & KLAPPER, 1976
(Plate 7, Figures 1-6)

1970 Polygnatus xyla stauffer, 1940 — bultynck,
p. 131, partim, pl. 15, figs. 2, 8, non fig. 5 = P.
pseudofoliatus.

1974 Polygnathus varcus group — bultynck & Gode-
froid, pp. 13-15.

* 1976 Polygnathus xylus ensensis n. subsp. — ziegler &
Klapper in Ziegler, Klapper & Johnson, pp.
121-127, pl. 3, figs. 4-9.

1977 Polygnathus xylus ensensis Ziegler and Klapper,
1976 — weddige, pp. 321-322, partim, pl. 4, figs.
62, 64, 65?, non fig. 63 = juvénile specimen of P.
pseudofoliatus or P. eiflius.

1980 Polygnathus aff. P. xylus ensensis ziegler, W. and
Klapper, G., 1976 — Bultynck & Hollard,
p. 46, pl. 6, fig. 1.

Remarks:
Characteristic features of specimens identified herein
as P. ensensis include the distinctly serrated anterior
platform margins, the straight to steeply downward
declined anterior trough margins, meeting the blade
at the same position and the posteriorly down-arched
platform. In specimens transitional between P. ensen¬
sis and P. timorensis (PI. 7, Figs. 7, 8) only one of
the anterior platform margins is serrated and the ante¬
rior trough margins décliné less steeply downward.

Polygnathus hemiansatus n. sp.
(Plate 7, Figures 16-27; Plate 8, Figures 1-7)

1980 Polygnathus aff. P. ansatus ziegler, W. and klap¬
per, G., 1976 — Bultynck & Hollard, p. 42, pl. 5,
fig. 18; pl. 6, figs. 2-4.

1985 Polygnathus ansatus Ziegler and Klapper, 1976,
early morphotype — Bultynck, p. 269, pl. 6, figs. 19,
20.

1987 Polygnathus ansatus Ziegler and Klapper, 1976 —

Garcia-Lopez, pp. 86-87, partim, pl. 11, fig. 23;
pl. 12, figs. 1-6, 9; non pl. 12, figs. 7, 8, 10-13.

Derivatio nominis:

Hemi, from f]fri, Greek, half + ansatus, referring to
the similarity to P. ansatus.

Types:
Holotype. I.R.Sc.N.B. N° bl953 (= Pl. 7, Fig. 26).
Paratypes. I.R.Sc.N.B. N° b951 (= Pl. 5, Fig. 18 in
Bultynck & Hollard, 1980), N° b954 - N° b955
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(= Pl. 6, FigS. 2-3 in BULTYNCK & HOLLARD, 1980),
N° bl943 - N° bl952, N° bl954 - N° bl958 (= Pl. 7,
Figs. 16-25, 27, Pl. 8, Figs. 1-4).

Locus typicus:
Erfoud (Morocco), Bou Tchrafine section described
herein.

Stratum typicum:
Bou Tchrafine Group, "Talus Médian", sample 15ter.

Diagnosis:
Platform with a strong constriction at the outer geni-
culation point, located at the anterior third of the
platform, and with a pronounced convex expansion
of the platform margin posterior of this point. Outer
anterior trough margin strongly bowed outward. Inner
platform margin nearly straigth without an outward
bowing of the anterior trough margin and serrated
just anterior of the geniculation point. Inner anterior
trough margin declining steeply downward. Two geni¬
culation points generally not opposite and junction of
two anterior trough margins with blade at slightly dif¬
ferent position. Platform ornamentation nodose to
ridged. Blade about half the length of the unit or a
little longer and with numerous denticles of about
equal height.

Remarks:
Platform characteristics of the new species are best
demonstrated in the paratype N° bl955 (Pl. 8, Fig. 1).
However, the blade of this specimen is incomplete
and therefore the specimen is not designated as Holo-
type. Lower views of P. hemiansatus are figured in
BULTYNCK & HOLLARD (1980, PI. 5, Fig. 18b and
PI. 6, Fig. 3b).
P. hemiansatus can be distinguished from P. ansatus
by the straight inner platform margin and by the mis¬
sing outward bowing of the inner anterior trough
margin. I recognize a more slender (PI. 7, Fig. 25)
and a broader morphotype (Pl. 7, Fig. 16). The less
ornamentated platform, the more sagitate platform
outline and the deeper adcarinal troughs distinguish
P. timorensis from the slender morphotype of P.
hemiansatus.

Polygnathus rhenanus
Klapper, Philip & Jackson, 1970

(Plate 7, Figures 13-15)
* 1970 Polygnathus rhenanus sp. nov. — Klapper, Philip

& Jackson, pp. 654-655, pl. 2, figs. 13-15, 19-22.
1980 Polygnathus rhenanus Klapper, G., Philip, G.M.

et Jackson, J.H., 1970 — Bultynck & Hollard,
p. 45, pl. 6, figs. 15-17.

1981 Polygnathus rhenanus marijae n. subsp. — Huddle,
p. 1132, partim, pl. 17, figs. 10-12 (= holotype), non
figs. 16-18, ? figs. 19-27.

Remarks:
P. rhenanus can be distinguished from P. timorensis
by the more posterior position of the outer genicula¬
tion point, located between one-third to one-half of
the total length of the outer platform margin. More-
over, P. rhenanus is characterized by the more pro¬
nounced outward bowing of the outer anterior trough
margin and the extremely long blade that is about
two-thirds the length of the unit. The presence or
absence of ornamentation on the platform margins is
not regarded as diagnosticly important. Specimens
with a strongly reduced platform (PI. 8, Fig. 23) are
considered here as transitional with P. semialternans.

Polygnathus semialternans (wlrth, 1967)
* 1967 Spathognathodus semialternans n. sp. — WlRTH,

p. 235, pl. 23, figs. 6-10; fig. 14a, b.
1976 Ozarkodina semialternans (WlRTH) — Ziegler &

Klapper in Ziegler, Klapper & Johnson, pp.
118-119, pl. 3, figs. 22-34.

1980 Polygnathus semialternans (WlRTH, M., 1967) —
Bultynck & Hollard, p. 45, pl. 8, figs. 5-6.

Remarks:

Représentative Moroccan specimens of P. semialter¬
nans are illustrated in Bultynck & Hollard (1980).
The occurrence of forms transitional between P.
rhenanus (see under P. rhenanus) and P. semialter¬
nans suggests that the latter was derived from P. rhe¬
nanus. Consequently, the species is assigned here to
the genus Polygnathus.

Polygnathus timorensis
Klapper, Philip & Jackson, 1970

(Plate 7, Figures 9-10)
* 1970 Polygnathus timorensis sp. nov. — Klapper, Philip

& Jackson, pp. 655-656, pl. 1, figs. 1-3, 7-10.
1974 Polygnathus rhenanus Klapper, G., Philip, G.M.

et Jackson, J.H., 1970 — Bultynck, p. 23, partim,
pl. 5, fig. 1.

1976 Polygnathus timorensis Klapper, Philip & Jack¬
son — Ziegler & Klapper in Ziegler, Klapper
& Johnson, p. 125, pl. 2, figs. 27-32, pl. 3, fig. 10.

1980 Polygnathus timorensis klapper, G., philip, G.M.
et Jackson, J.H., 1970 — Bultynck & Hollard,
p. 45, pl. 6, figs. 8-13.

1985 Polygnathus timorensis Klapper, Philip & Jack¬
son, 1970 — Bultynck, pl. 6, figs. 17-18.

Remarks:
Différences with P. hemiansatus and with P. rhenanus
are discussed under these species.

Fig. 9. - Ranges of selected conodont taxa in the uppermost Eifelian and lower-middle Givetian with respect to the conodont O
standard zonation (column B) and the alternative Polygnathus and Icriodus zonations (columns C and D); column
A : see figure 4.
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IY. Conclusions

The most important conclusions of the present study
can be derived from the range chart in figure 9. It
shows the corrélations of the newly refined local Poly-
gnathus zonation (column C) established in the pelagic
sequence from the Tafilalt area and of the alternative
Icriodus zonation (column D), mainly based on the
shallow water platform carbonates of the Givet Lime-
stone in the Ardennes, with the standard conodont
zonation from the kockelianus Zone up to the Upper
varcus Subzone (column B). All zones and subzones
are defined on the basis of first occurrences of one or

two species. The reasons for proposing these alterna¬
tive zonations are discussed in detail in the introduc¬
tion and under the separate headings of the individual
sections. In brief, they comprise different conodont
biofacies encountered in the Givet Limestone; the
differing taxonomie treatments of Polygnathus ansatus
and finally the concept and définition of the varcus
Zone and its subdivisions by Ziegler, Klapper &
Johnson (1976).
The earliest occurrences of Polygnathus eiflius and P.
hemiansatus are not only of local interest but here
they are proposed to subdivide formally the kockelia¬
nus Zone and the ensensis Zone.
The range chart also summarizes the vertical distribu¬
tion of 29 selected conodont taxa in the two studied

areas. The range chart is compared with similar charts
established for the same period by Weddige (1977),
Clausen, Leuteritz & Ziegler (1979) and John¬
son, Klapper & Trojan (1980) for the northern
Antelop Range (Nevada). The results of this compa-
rison are presented in table 1.
On the range chart (Fig. 9) the position of the Eife-
lian-Givetian boundary (column 1) is shown with a
question-mark, because définition by the Subcommis¬
sion on Devonian Stratigraphy is pending. However,
at the 1986 and 1987 Subcommission meetings a majo-
rity of the members favoured a level at the base of
or within the ensensis Zone. The provisional posi-
tioning of the boundary in the range chart corresponds
to the earliest occurrence of P. hemiansatus within the
ensensis Zone. In the Bou Tchrafine section the entry
of P. hemiansatus coïncides with that of I. obliquimar-
ginatus. In the Givet Limestone of the type area the
entry of the latter species is the most rehable first
appearance that is closest to the base of this unit,
historically the base for the Givetian stage. P. hemian¬
satus has also been recognized in sections in the
Cantabrian Mountains (Spain) and in the Guangxi
Province (South China). Consequently its lowest
occurrence is considered here as a good potential level
for the Eifelian-Givetian boundary.

Table 1

Reference Number of taxa with
same vertical range

Number of taxa with
different earliest

occurrence

Number of taxa with
different latest

occurrence

Weddige

(1977, tabl. 2, pp. 322-333)
ll(a) 6(b) 8(c)

Clausen et al.

(1979, tabl. 7, p. 31)
8(d) 4(e) 3(f)

Johnson et al.

(1980, tabl. 23, p. 98)
7(g) 3(h) 4(i)

a: Eognathodus bipennatus bipennatus, Icriodus brevis, I. lindensis, Polygnathus ansatus, P. angustipennatus,
P. latifossatus, P. linguiformis weddigei, P. pseudofoliatus, P. timorensis, P. xylus xylus, Tortodus variabilis;
b: I. difficilis, Ozarkodina bidentata, P. beckmanni, P. eiflius, P. semialternans, T. intermedius; c: I.
obliquimarginatus, I. regularicrescens, P. ensensis, P. linguiformis klapperi, P. linguiformis mucronatus, P.
trigonicus, P. varcus, T. kockelianus kockelianus.

d: I. brevis, P. ansatus, P. latifossatus, P. linguiformis weddigei, P. pseudofoliatus, P. timorensis, P. varcus,
P. xylus xylus; e: I. difficilis, P. beckmanni, P. linguiformis mucronatus, P. semialternans; f: I. obliquimar¬
ginatus, P. ensensis, P. linguiformis klapperi.

g: I. brevis, P. ansatus, P. beckmanni, P. ensensis, P. pseudofoliatus, P. timorensis, T. kockelianus kockelianus;
h: I. difficilis, P. trigonicus, P. xylus xylus; i: I. obliquimarginatus, P. angustipennatus, P. eiflius, P.
intermedius.
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Y. Appendix:
locality and sample index Mont d'Haurs section

France, IGN Mapsheet Givet (XXX-7), Mont d'Haurs fortification
on the SE side of the Meuse at Givet. Ail the measured sections are

on the south side of the fortification (Fig. 1). Meterage between
samples indicated between brackets.

Section A: samples 1 (0.40 m above base of outcrop), 2 (0.90 m),
3 (1.60 m), 3bis (0.40 m), 4 (0.70 m), 5 (0.25 m), 6 (0.90 m), 6bis
(0.50 m), 7 (0.45 m), 8 (0.25 m), 9 (0.45 m), 10 (0.65 m, top of
outcrop).
Section B: samples 11 (base of outcrop), 12 (0.60 m), 12bis (0.25 m),
13 (0.80 m), 13bis (0.15 m), 14 (0.15 m), 15 (0.75 m), 16 (1.60 m),
17 (1.00 m).
Section C: sample 18 (17.80 m above base of outcrop); samples 19-23,
barren.

Section D: samples 24 (base of outcrop), 25 (4.20 m), 26 (4.80 m),
26bis (0.60 m), 27 (0.60 m), 28 (3.45 m), 29 (2.95 m), 30 (2.55 m),
31 (0.40 m), 32 (0.40 m), 33 (5.80 m), 34 (0.15 m), 35 (1.30 m),
36 (13.50 m, poorly exposed), 36bis (0.30 m), 37 (0.45 m), 38
(0.65 m), 39 (1.90 m), 40 (0.45 m), 40bis (1.80 m), 41 (2.30 m,
interruption in exposure just below sample), 41 bis (1.75 m), 42
(2.10 m), 43 (2.25 m), 44 (1.80 m) 45 (2.35 m), 45bis (3.00 m),
46 (3.65 m), 47 (4.30 m), 47bis (0.80 m), 48 (0.70 m, interruption in
section just above sample), 48bis (3.40 m), 49 (0.80 m), 50 (15.00 m),
51 (1.85 m), 52 (2.45 m), 53 (1.65 m).
Section E: samples 54 (9.00 m), 55 (11.00 m), 56 (11.50 m).
Section F: samples 57 (4.00 m, base of outcrop), 58 (0.25 m), 59
(1.10 m), 60 (0.30 m), 61 (0.30 m), 62 (0.40 m), 63 (32.00 m),
64 (4.50 m), 65 (5.00 m, 1 m below top of exposure).

Acknowledgements

The author is indebted to Drs. M. Bensaid and M. Dah-
mani (Direction de la Géologie, Rabat) for issuing a work
permit and for logistic assistance during the field work. In
1979 the investigation of the sections in Morocco was carried
out jointly with the late h. hollard and with P. sarte-
naer. Field work in Morocco since 1975 has been supported
by the Nationaal Fonds voor Wetenschappelijk Onderzoek
and by the Internationale Wetenschappelijke Koöperatie,
Ministerie van Nationale Opvoeding.
Dr. Van Den Boogaard (Rijksmuseum van Geologie en
Mineralogie, Leiden, The Netherlands) kindly allowed me
to study the types and additional material of Icriodus eslaen-
sis; he also provided me photographies of I. eslaensis speci¬
mens from the stratum typicum (Fig. 8, a-f). Dr. Wang
Cheng-Yuan (Nanjing Institute of Geology and Palaeonto-
logy, Academia Sinica) allowed me to figure a specimen of
Polygnathus hemiansatus (PI. 8, Fig. 5) recognized in his
collection from the Sihongshan section, Guangxi Province
(China). Specimens of P. hemiansatus and P. ansatus (PI. 8,
Figs. 6, 7 and 10, 11) from the Tully Limestone (New York,
U.S.) are from samples collected during a joint field trip
with Drs. P.H. heckel and G. klapper (University of
Iowa) in 1972.

References

Bischoff, G. & Ziegler, W., 1957. Die Conodontenchro-
nologie des Mitteldevons und des tiefsten Oberdevons.
Abhandlungen des Hessischen Landesamtes für Bodenfor-
schung, 22: 1-136.
Brice, D., Bultynck, P., Deunff, S., Loboziak, S. &
Streel, M., 1979. Données biostratigraphiques nouvelles
sur le Givetien et le Frasnien de Ferques (Boulonnais,
France). Annales de la Société Géologique du Nord, 98: 325-
344.

Bultynck, P., 1970. Révision stratigraphique et paléontolo-
gique (Brachiopodes et Conodontes) de la coupe type du
Couvinien. Mémoires de l'Institut Géologique de l'Université
de Louvain, 26: 1-152.

Bultynck, P., 1972. Middle Devonian Icriodus assemblages
(Conodonta). Geologica et Palaeontologica, 6: 71-86.
Bultynck, P., 1974. Conodontes de la Formation de Fro-
melennes du Givetien de l'Ardenne franco-belge. Bulletin
Institut royal Sciences Naturelles de Belgique, 50, Sciences de
la Terre, 10: 1-30.

Bultynck, P., 1976. Comparative study of Middle Devo¬
nian conodonts from North Michigan (U.S.A.) and the
Ardennes (Belgium - France). The Geological Association
of Canada Special Paper, 15: 119-141.

Bultynck, P., 1985. Lower Devonian (Emsian) - Middle
Devonian (Eifelian and lowermost Givetian) conodont suc¬
cessions from the Ma'der and the Tafilalt, southern Morocco.
Courier Forschungsinstitut Senckenberg, 75: 261-286.

Bultynck, P. & Godefroid, J., 1974. Excursion G. In:
Guidebook International Symposium on Belgian micro-
paleontological limits from Emsian to Visean. Namur 1974.
Geological Survey of Belgium, Brussels, pp. 1-42.

Bultynck, P. & hollard, h., 1980. Distribution com¬

parée de Conodontes et Goniatites dévoniens des plaines du
Dra, du Ma'der et du Tafilalt (Maroc). Aardkundige Mede¬
delingen, 1: 1-73.

Bultynck, P. & Jacobs, L., 1981. Conodontes et sédimen-
tologie des couches de passage du Givetien au Frasnien dans
le Nord du Tafilalt et dans le Ma'der (Maroc présaharien).
Bulletin Institut royal Sciences Naturelles de Belgique, 53,
Sciences de la Terre, 2: 1-24.

Bultynck, P. With contributions by Jacobs, L., 1982.
Conodont successions and général faunal distribution across
the Givetian-Frasnian boundary beds in the type area. In:
Papers on the Frasnian-Givetian boundary. Geological
Survey of Belgium, Brussels, pp. 34-59.



166 Pierre BULTYNCK

Clausen, C.-D., Leuteritz, K. & Ziegler, W., 1979.
Biostratigraphie und Lithofazies am Südrand der Elsper
Mulde (hohes Mittel- und tiefes Oberdevon; Sauerland,
Rheinisches Schiefergebirge). Geologisches Jahrbuch, Reihe
A, 51: 3-37.

Coen, M., bultynck, P. & Pel, J., 1974. Excursion E.
In: Guidebook International Symposium on Belgian micro-
paleontological limits from Emsian to Visean. Namur 1974.
Geological Survey of Belgium, Brussels, pp. 1-18.
Errera, M., Mamet, B. & Sartenaer, P., 1972. Le Cal¬
caire de Givet et le Givetien à Givet. Bulletin Institut royal
Sciences naturelles de Belgique, 48, Sciences de la Terre, 1:
1-59.

Garcia-Lopez, S., 1987. Los conodontos y su aplicacion al
estudio de las divisiones chronostratigraficas mayores del
Devonico Asturleones (Espana). Boletin Geologico y Mine-
ro, 97 (3-5): 1-112.
Hollard, H., 1974. Recherches sur la stratigraphie des
formations du Dévonien Moyen, de l'Emsien Supérieur au
Frasnien, dans le Sud du Tafilalt et dans le Ma'der (Anti-
Atlas Oriental). Notes Service géologique du Maroc, 36
(264): 7-68.
Hollard, H., 1981. Tableaux de corrélations du Silurien
et du Dévonien de 1'Anti-Atlas. Notes Service géologique du
Maroc, 42 (308): 23, 5 tabl.
Huddle, J.W., assisted by J.E. Repetski, 1981. Conodonts
from the Genesee Formation in Western New York. Geolo¬
gical Survey Professional Paper, 1032 - B: 1-66.
Johnson, J.G., Klapper, G. & Trojan, W.R., 1980.
Brachiopod and conodont successions in the Devonian of
the northern Antelope Range, central Nevada. Geologica et
Palaeontologica, 14: 77-116.
klapper, G. & Johnson, J.G., 1980. Endemism and dis¬
persai of Devonian conodonts. Journal of Paleontology, 54
(2): 400-455.
Klapper, G., Philip, G.M. & Jackson, J.H., 1970. Revi¬
sion of the Polygnathus varcus Group (Conodonta, Middle
Devonian). Neues Jahrbuch für Geologie und Palaontologie,
Monatshefte, 1970 (7): 650-667.
lottman, j., sandberg, C.A., schindler, E., walli-
ser, O.H. & Ziegler, W., 1986. Devonian events at the
Ense Area (Excursion to the Rheinisches Schiefergebirge).
In: O.H. Walliser (Editor), Lecture Notes in Earth Scien¬

ces, 8, Global Bio-Events. Springer-Verlag, Berlin Heidel-
berg, pp. 17-21.
seddon, G., 1970. Pre-Chappel conodonts of the Llano
région, Texas. Bureau of Economie Geology University of
Texas at Austin, Report of Investigations, 68: 1-130.
Stauffer, C.R., 1940. Conodonts from the Devonian and
associated clays of Minnesota. Journal of Paleontology, 14:
417-435.

Van Adrichem Boogaert, H.A., 1967. Devonian and
Lower Carboniferous conodonts of the Cantabrian Moun-
tains (Spain) and their stratigraphie application. Leidse Geo¬
logische Mededelingen, 39: 129-192.
weddige, K., 1977. Die Conodonten der Eifel- Stufe im
Typus-gebiet und in benachbarten Faziesgebieten. Sencken-
bergiana Lethaea, 58 (4/5): 271-419.
weddige, K., 1984. Zur Stratigraphie und Palàogeographie
des Devons und Karbons von NE-Iran. Senckenbergiana
Lethaea, 65 (1/3): 179-223.
Wirth, M., 1967. Zur Gliederung des höheren Palâozoï-
kums (Givet - Namur) im Gebiet des Quinto Real (West-
pyrenâen) mit Hilfe von Conodonten. Neues Jahrbuch für
Geologie und Palaontologie, Abhandlungen, 127 (2): 179-
244.

Ziegler, W., 1971. Conodont stratigraphy of the European
Devonian. Geological Society ofAmerica, Memoir, 127: 227-
284.

Ziegler, W., (Ed.), 1975. Catalogue of Conodonts, II.
Schweizerbart (Nàgele und Obermiller), Stuttgart, pp. 1-404.
Ziegler, W., Klapper, G. & Johnson, J.G., 1976. Redé¬
finition and Subdivision of the varcus-Zone (Conodonts,
Middle - ? Upper Devonian) in Europe and North America.
Geologica et Palaeontologica, 10: 109-140.
Ziegler, W. & Wang, C.-Y., 1985. Sihongshan section, a
régional reference section for the Lower-Middle and Middle-
Upper Devonian Boundaries in East Asia. Courier For-
schungsinstitut Senckenberg, 75: 17-38.

P. bultynck

Department Paleontologie
Koninklijk Belgisch Instituut
voor Natuurwetenschappen,

Vautierstraat 29,
b-1040 Brussel



Plate 1

Section Akka Bou Khedach, upper part with position of samples 1-3, 7 and «
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Plate 2

Upper: section Taboumakhlouf Terasse, général view.
Lower: detail of the section with position of samples 1, 2 and 4.
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Plate 3

AW o/ section Taboumakhlouf South with position of samples 1 to 7; sample 1 is at the base and sample 3 at the top of
the small cliff; sample 6 is 2.40 m below and sample 7 5.55 m above prominent bed.
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Plate 4

Magnification 45 x, except where otherwise stated. MH: sample number Mont d'Haurs section; From: sample number Frome-
lennes section; BT: sample number Bou Tchrafine section; ABK: sample number Akka Bou Khedach section; H: samplenumber Haine Quarry (Bultynck & godefroid, 1974).
Figs. 1-3, 11. - Icriodus regularicrescens BULTYNCK, 1970. Upper views of I.R.Sc.N.B. N" b!858 (65x), MH-10;

N° bl859, ABK-6; N" bl860 (65x), BT-14; N" bl868, ABK-6.

Figs. 4-6. - Icriodus regularicrescens Bultynck, 1970 —> Icriodus obliquimarginatus blschoff & zlegler, 1957.
Upper views of I.R.Sc.n.b. N" bl861 (lOOx), H-40; N" b!862, bt-14; N° bl863, bt-14.

Figs. 7-10, 12-16. - Icriodus obliquimarginatus BlSCHOFF & ZlEGLER, 1957. Upper and latéral views of I.R.Sc.N.B. N°
b!864, MH-3. Upper views of 1.R.Sc.N.B. N" bl865 (65x), MH-42; N" bl866, Marenne B3; N" b!867,
BT-19; N° bl869, BT-17. Latéral view of I.R.Sc.N.B. N" bl870, BT-19. Upper view of I.R.Sc.N.B. N°
bl871, BT-23. Latéral view of I.R.Sc.N.B. N° bl872, BT-23. Upper and oblique-lateral views of
I.R.Sc.N.B. N° bl873, BT-20.

Figs. 17-22. - Icriodus lindensis WEDDIGE, 1977. Upper and latéral views of I.R.Sc.N.B. N" bl874 (65x), MH-27.
Upper view of I.R.Sc.N.B. N° bl875 (65x), MH-27. Latéral view of I.R.Sc.N.B. N° bl876 (65x),
MH-40bis. Upper and latéral views of I.R.Sc.N.B. N° b!877 (65x), N" bl878 (65x), Marenne B12.
Upper view of I.R.Sc.N.B. N° b!879, BT-19.
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Plate 5

Magnification 65 x, except where otherwise stated.
Figs. 1-9. - Icriodus platyobliquimarginatus n. sp. Upper and oblique-lateral views of paratype I.R.Sc.N. B. N° bl880

(lOOx), Menil 010. Upper, oblique-lateral and latéral views of holotype 1.R.Sc.N.B. N° bl881 (lOOx), Menil
67. Upper view of paratype I.R.Sc.N.B. N° bl882 (lOOx), Menil 67. Upper and oblique-lateral views of
paratypes I.R.Sc.N.B. N° bl883 (lOOx), N" bl884 (lOOx), Menil 67. Latéral view of paratype I.R.Sc.N.B.
N" bl885 (100=), Menil 67. Upper views of paratypes I.R.Sc.N.B. N° bl886, Marenne B7; N" bl887, BT-15;
N" bl888 (45x), BT-15a.

Figs. 10-12. - ?Icriodus struvei WEDDIGE, 1977. Upper and latéral views of I.R.Sc.N.B. N° bl889 (45x), BT-15a; N" b!890,
N" bl891, BT-15.

Figs. 13-19. - Icriodus lilliputensis n. sp. Upper view of paratype I.R.Sc.N.B. N" bl892, MH-27. Upper view of holotype
l.R.Sc.N.B. N" bl893, MH-27. Latéral and upper views ofparatypes I.R. Sc. N.B. N" bl894, MH-27; N" bl895,
From W-4; N" bl896, N" bl897, MH-42; N" bl898, MH-43.
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Plate 6

Magnification 65 x, except where otherwise stated.

Figs. 1-14. - Icriodus brevis stauffer, 1940. Upper views of I.R.Sc.N.B. N" bl899, MH-39; N" bl900, MH-46; N" bl901,
MH-55. Latéral views of LR.Sc.N.B. N" bl902, MH-36; N" bl903, MH-46. Upper views of I.R.Sc.N.B.
N" bl904, MH-55; N" b!905, From W-4; N" bl906, MH-53; N" b!907, BT-24. Latéral and upper views of
l.R.Sc.N.B. N° bl908, N" bl909, BT-22; N" b!910, BT-24; N" b!911, n" bl912, From W-4.

Figs. 15-20. - Icriodus obesus n. sp. Upper view of holotype l.R.Sc.N.B. N" b!913, MH-50. Upper views of paratypes
l.R.Sc.N.B. N" bl914, MH-50; N" b!915, N° bl916, N" bl917 (45x), MH-51; N° bl918, MH-52.

Figs. 21-25. - Icriodus excavatus, Weddige, 1984. Upper views of l.R.Sc.N.B. N" bl919, N" bl920, MH-39; N" b!921,
MH-37; N° bl922, N° bl923, MH-53.

Figs. 26-30. - Icriodus aff. I. arkonensis stauffer, 1938. Upper views of l.R.Sc.N.B. N" bl924, N" bl925, MH-46. Upper
and latéral view of l.R.Sc.N.B. N° bl926, MH-46. Upper views of l.R.Sc.N.B. N° ,bl927, N°bl928, MH-46.
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Plate 7

Magnification 45 x, except where otherwise stated.
. 1-6. - Polygnathus ensensis Ziegler & Klapper, 1976. Upper and oblique-lateral view of I.R.Sc.N.B. N° b!929,

BT-15bis. Upper and oblique-lateral views of I.R.Sc.N.B. N° bl930 (lOOx), BT-15bis; N" bl931 (65x),
BT-15bis; N" bl932, N" bl933, BT-15ter; N" bl934, BT-17.

. 7-8. - Polygnathus ensensis Ziegler & Klapper, 1976 —> Polygnathus timorensis Klapper, Philip & Jackson,
1970. Upper views of I.R.Sc.N.B. N° bl935, N° bl936, BT-15ter.

. 9-12. - Polygnathus timorensis Klapper, Philip & Jackson, 1970. Upper views of I.R.Sc.N.B. N° bl937, BT-30;
N'° bl938, BT-28; Upper and oblique-lateral views of I.R.Sc.N.B. N" bl939, BT-18; N" b617, From W-4.

. 13-15. - Polygnathus rhenanus Klapper, Philip & Jackson, 1970. Oblique-upper view of 1.R.Sc.N.B. N" bl940,
BT-27. Latéral views of l.R.Sc.N.B. N° bl941 (30x), N° bl942 (30x), BT-27.

. 16-27. - Polygnathus hemiansatus n. sp. Upper views of paratypes l.R.Sc.N.B. N" bl943, N" bl944, N" bl945, N°
bl946, BT-15ter. Upper and oblique-lateral view of paratype l.R.Sc.N.B. N" bl947, BT-18. Upper views of
paratypes I.R.Sc.N. B. N° bl948, BT-16; N" bl949, ABK-6; N" bl950, blade broken, BT-28. Latéral and upper
views of paratypes l.R.Sc.N.B. N° bl951, ABK-6; N" bl952, BT-18. Upper view of holotype l.R.Sc.N.B.
N° bl953, BT-15quater. Upper view of paratype l.R.Sc.N.B. N° bl954, section Ou Driss Centre, ODE-6 in
Hollard (1981, tabl. 3).
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Plate 8

Magnification 45 x, except where otherwise stated.

Figs. 1-7. - Polygnathus hemiansatus n. sp. Upper view of paratype I. R.Sc. N.B. N" bl955, BT-15quater. Upper and
oblique-lateral views ofparatype I.R.Sc.N.B. N° bl956, BT-15quater. Upper views ofparatypes I.R.Sc.N.B.
N" bl957, BT-22a; N" b!958, BT-16. Upper view of specimen collection Wang Cheng-Yuan (Nanjing)
from Sihongshan section, sample CD-407 in zlegler & wang Cheng-Yuan (1985, p. 20). Upper views
of I.R.Sc.N.B. N" bl959, N" b!960, New York (U.S.), Bellona in ZlEGLER, KLAPPER & johnson (1976,
p. 128), Tully Limestone, Carpenter Falls.

Figs. 8, 15-18. - Polygnathus eiflius BlSCHOFF & ZlEGLER, 1957. Upper views of I.R.Sc.N.B. N" bl961 (65x), N" bl968,
BT-15; N° bl969, N° bl970, BT-20; N" bl971, BT-15ter.

- Polygnathus aff. P. ansatus ZlEGLER & KLAPPER, 1976. Oblique-upper and upper views of I.R.Sc.N.B.
N° bl962, From E-20.

- Polygnathus ansatus ZlEGLER & KLAPPER, 1976. Upper views of I.R.Sc.N.B. N" bl963, N" bl964, same
sample as for figs. 6-7; N" bl965, N" bl966, N° bl967, BT-28.

- Polygnathus pseudofoliatus Wittekindt, 1965. Upper views of I.R.Sc.N.B. N° bl972, BT-15ter; N" bl973,
From E-19.

- Polygnathus denisbriceae BuLTYNCK, 1979. Upper view of I.R.Sc.N.B. N" bl974, BT-19.
- Polygnathus xylus xylus Stauffer, 1940. Latéral, upper and oblique-lateral views of I.R.Sc.N.B. N° bl975,

N"° bl980, BT-25.
- Polygnathus rhenanus Klapper, Philip & Jackson, 1970 ^ Polygnathus semialternans (wirth, 1967).

Latéral view of I.R.Sc.N.B. N° bl976, BT-30bis.
- Polygnathus robusticostatus BlSCHOFF & ZlEGLER, 1957. Upper view of I.R.Sc.N.B. N" bl977, BT-15a.
- Polygnathus linguiformis weddigei Clausen, Leuteritz & Ziegler, 1979. Upper views of I.R.Sc.N.B.

N° bl978 (65x), N" bl979 (65x), blade broken, BT-22a.

Fig. 9.

Figs. 10-14.

Figs. 19, 20.

Fig. 21.

Figs. 22, 27.

Fig. 23.

Fig. 24.

Figs. 25-26.
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Plate 9

Magnification 45 x, except where otherwise stated.

Figs. 1-7. - Eognathodus bipennatus bipennatus (BlSCHOFF & ZlEGLER, 1957) alpha morphotype. Latéral and upper
views of I.R.Sc.N.B. N" bl981, MH-30; N" b!982, MH-33; N° bl983, MH-32; N" bl984, MH-35; N° bl985,
ABK-6. Upper and latéral views of I.R.Sc.N.B. N" bl986, N° b!987, specimens transitional between alpha and
beta morphotypes, MH-36.

Figs. 8-10. - Eognathodus bipennatus bipennatus (BlSCHOFF & ZlEGLER, 1957) beta morphotype. Upper and latéral views
of I.R.Sc.N.B. N° bl988, MH-37; N° bl989, (30x), MH-38; N" bl990, (30x), MH-37.

Figs. lla-b. - Ozarkodina bidentata (BlSCHOFF & ZlEGLER, 1957). Oblique-upper and latéral views of I.R.Sc.N.B. N° bl991,
I65X), MH-3bis; N° bl992, (65x), MH-10.

Fig. 12. - Polygnathus xylus xylus Stauffer, 1940. Upper view of I.R.Sc.N.B. N" bl993, MH-33.

Fig. 13. - Polygnathus linguiformis alveolus WEDDIGE, 1977. Upper view of I.R.Sc.N.B. N" bl994, MH-3bis.

Fig. 14. - Polygnathus parawebbi chatterton, 1974. Oblique-upper view of I.R.Sc.N.B. N° bl995, BT-22a.

Fig. 15. - Polygnathus angustipennatus BlSCHOFF & ZlEGLER, 1957. Oblique-upper view of I.R.Sc.N.B. N° bl996,
MH-3bis.

Fig. 16. - Tortodus intermedius (Bultynck, 1966). Latéral view of I.R.Sc.N.B. N" bl997, BT-15.

Fig. 17. - Tortodus kockelianus kockelianus (Bischoff & Ziegler, 1957). Upper view of I.R.Sc.N.B. N" bl998,
BT-15a.

Fig. 18. - Polygnathus beckmanni BlSCHOFF & Ziegler, 1957. Upper view of I.R.Sc.N.B. N° bl999, BT-29.
Fig. 19. - Polygnathus linguiformis transversus Wittekindt, 1965. Upper view of I.R.Sc.N.B. N" b2000, BT-23.

Fig. 20. - Polygnathus linguiformis klapperi clausen, Leuteritz & zlegler, 1979. Upper view of I.R.Sc.N.B. N°
b2001, (30x), ABK-6.

Fig. 21. - Polygnathus linguiformis aff klapperi. Upper view of I.R.Sc.N.B. N" b2002, (30x), BT-23.

Fig. 22a-b. - Polygnathus linguiformis mucronatus Wittekindt, 1965. Oblique-upper and upper views of I.R.Sc.N.B. N"
b2003, N" b2004, BT-29ter.

Fig. 23. - ? Polygnathus linguiformis klapperi Clausen, Leuteritz & Ziegler, 1979. Upper view of I.R.Sc.N.B. N"
b2005, BT-15bis.

Fig. 24. - Latericriodus latericrescens latericrescens (Branson & Mehl, 1938). Upper view of I.R.Sc.N.B. N° b2006,
BT-28.

Figs. 25-26. - Icriodus difficilis Ziegler & Klapper, 1976. Upper views of I.R.Sc.N.B. N" b2007, N° b2008, BT-25.



 


