BULLETIN DE L’INSTITUT ROYAL
DES SCIENCES NATURELLES
DE BELGIQUE

BULLETIN VAN HET KONINKLIJK

BELGISCH INSTITUUT VOOR
NATUURWETENSCHAPPEN

SCIENCES DE LA TERRE
AARDWETENSCHAPPEN

VOL. 65

BRUXELLES 1995 BRUSSEL



BULLETIN DE L’INSTITUT ROYAL
DES SCIENCES NATURELLES
DE BELGIQUE

BULLETIN VAN HET KONINKLIJK
BELGISCH INSTITUUT VOOR
NATUURWETENSCHAPPEN

SCIENCES DE LA TERRE
AARDWETENSCHAPPEN
VOL. 65

BRUXELLES 1995 BRUSSEL



Rédacteur en chef - Hoofdredacteur - Editor.

Annie V. DHONDT

Secrétaires de rédaction - Redactiesecretarissen - Associate editors:
Jacques GODEFROID
Francine M aArTIN f

Comité de rédaction - Redactiecomité - Editorial board:
Pierre BuLTYNCK
Daniel C AHEN
Michel D ELIENS

Comité international - Internationaal comité - Consulting editors:
Denise B rice (Lille, France)
C. Howard C. BrunTON (London, UK)
William T. Dean (Cardiff, UK)
Gerhard Haun (Marburg, FRG)
Thomas R. W aLLer (Washington DC, USA)

La rédaction remercie pour lecture critique de manuscrits:
De redactie dankt volgende reviewers voor medewerking aan dit volume:

For this volume the following reviewers are gratefully acknowledged:

M. BeNTON, Denise Bricg, D.S. BRowN, W.T. DEaN, J. GARCIA-ALCALDE, D. GRIGOREScU, JJM. HANCOCK,
R. HoLMESs, D. JaBrLonNskI, J. JagT, U. Jux, R. JANSSEN, M. LE PENNEC, F. LETHIERS, D. LEWIS, M. M ACHALSKI,
JM. MaziN, D. NérauDEAU, D.B. NorMaN, G. PINNA, Bettina REICHENBACHER, P. SARTENAER, A.B. SmiTH,
F. soro, R.B. Stokes, G.W. STOorRRS, W. STRUVE, M. TavyLOR, J. TYLER, T.R. WALLER, C.W. W RIGHT.

BULLETIN
DE L’INSTITUT ROYAL DES SCIENCES NATURELLES DE BELGIQUE
SCIENCES DE LA TERRE

BULLETIN
VAN HET KONINKLIJK BELGISCH INSTITUUT VOOR NATUURWETENSCHAPPEN
AARDWETENSCHAPPEN
Vol. 65 - 1995 ISSN 0374-6291

Publié, verschenen, published: 31.111.1995

© Edition de © Uitgave van het
I’Institut Royal des Sciences Naturelles Koninklijk Belgisch Instituut voor
de Belgique Natuurwetenschappen
Rue Vautier 29 Vautierstraat 29

B-1040 Bruxelles, Belgique B-1040 Brussel, Belgié



En 1958, a I’Age de vingt ans, Francine M ARTIN finit ses études de
licenciée en Biologie (groupe: sciences zoologiques) et d’agrégée
en Sciences pour ’enseignement secondaire a I’Université Libre de
Bruxelles. Une année plus tard elle obtint le Certificat d’Ethnologie
a la Sorbonne.

Elle ne se consacra pas immédiatement a la recherche scienti-
fique. De septembre 1959 jusqu’en aoit 1964, elle enseigna la
biologie, au Lycée d’Ixelles d’abord, a 1’Athénée Adolphe Max a
Bruxelles ensuite. Bien qu’elle aimét les contacts avec les éléves -
elle parlait toujours avec enthousiasme de cette expérience d’en-
seignement - elle s'engagea ensuite dans la recherche scientifique.
D ’octobre 1964 jusqu’en janvier 1971, elle poursuivit des recher-
ches comme collaboratrice scientifique au laboratoire de Paléobo-
tanique de I’LLR.S.N.B., bénéficiant d’abord d’un mandat d’aspirant
et ensuite de chargé de recherche du Fonds National de la Recher-
che Scientifique. Pendant cette période, elle approfondit progres-
sivement sa connaissance des acritarches et de leur application en
biostratigraphie. En 1968 elle soutint a 1’U.L.B. une thése de
doctorat intitulée “Les Acritarches de I’Ordovicien et du Silurien
belges. Détermination et valeur stratigraphique” . F. STOCKMANS, a
ce moment directeur du laboratoire de Paléobotanique, était son
directeur de thése.

Au début de I’année 1971, Francine M ARTIN fut nommée micro-
paléontologue a I’ILR.S.N.B. Chargée de la direction d’une nou-
velle section Micropaléontologie-Paléobotanique et alors que 1’In-
stitut ne disposait que de peu d’expérience dans ce domaine, elle
développa D’infrastructure pour les recherches palynologiques.

Ses études systématiques et stratigraphiques basées sur les acri-
tarches et les chitinozoaires partent d’explorations de terrains dans
des régions jouant un rdle important dans la stratigraphie du
Cambrien, de 1’Ordovicien, du Silurien et du Dévonien. Ainsi elle
effectua des levés de coupes géologiques dans les Basses-Terres du

Francine m artIn

1937-1994

Francine M arrin, chefde la Section Micropaléontologie-Paléobo-
tanique a l’Institut royal des Sciences naturelles de Belgique, est
décédée le 16 décembre 1994 a Bruxelles. Elle était mondialement
connue et appréciée comme palynologiste pour ses recherches
approfondies sur les acritarches du Paléozoique inférieur.

Saint-Laurent, en Terre-Neuve, dans les Rocheuses canadiennes,
dans la Province de Jilin en Chine, au Pays de Galles, dans les
Taurides et Pontides en Turquie et également en Ardenne.

En 1984, elle obtint le Prix Baron VAN ERTBORN de la Classe de
Sciences de I’Académie royale de Belgique pour son étude sur les
Basses-Terres du Saint-Laurent.

La valeur internationale de ses recherches est mise en évidence
par sa nomination dans différentes commissions de stratigraphie de
I'International Union of Geological Sciences; elle fut entre autres
secrétaire de la Subcommission on Silurian Stratigraphy pendant
plusieurs annnées.

Aprés trente ans de recherches, concrétisées dans une cinquan-
taine de travaux scientifiques dont la plupart publiés dans des
périodiques étrangers, Francine M ARTIN n’était pas atteinte de
“lassitude-acritarches” . Au contraire, elle aimait commencer ses
recherches a une heure matinale, vers 7 heures, et ¢’est ainsi qu’elle
travailla jusqu’a deux semaines avant sa mort. Ce grand engage-
ment dans la recherche paléontologique n’avait pas fait d’elle une
spécialiste bornée. Elle participa avec un esprit inventif a la réno-
vation des expositions paléontologiques a I’[LR.S.N.B. et cultiva
toujours un amour particulier pour I’architecture, la peinture, la
sculpture et la littérature.

P. BULTYNCK
Chef du Département
de Paléontologie



Activités scientifiques de Francine M arTIN

Aprés des études universitaires en Sciences Zoologiques et une
bréve période consacrée a I’enseignement, toute sa vie Francine
M ARTIN I’a dédiée a 1'étude des acritarches et, en partie, a celle des
chitinozoaires, d'un intervalle stratigraphique allant du Cambrien
au Dévonien.

Dans tous ses travaux, brillamment non conventionnels, Fran-
cine a toujours fourni une documentation géologique trés soignée.
Déja de sa Theése de Doctorat sur les acritarches de 1’Ordovicien et
du Silurien en Belgique (1969), ressort sa préoccupation,
“éthique" pourrait-on dire, de mettre a la disposition des autres
chercheurs toutes ses données, préoccupation qui n’a jamais
échappé aux nombreux chercheurs du monde entier a qui Francine
a permis d’étudier sa précieuse collection de lames palynologiques.

Ayant donc commencé ses recherches palynologiques en 1966,
Francine M ARTIN peut &tre considérée comme une pionniére dans
ce domaine ou d’ailleurs, elle a toujours eu une facon tout-a-fait
moderne d'aborder les problémes, visant surtout I’exploration de la
grande potentialité biostratigraphique des acritarches.

De 1966 a 1974, Francine s’est surtout occupée des acritarches
ordoviciens et siluriens de la Belgique, avec la conviction, d’ail-
leurs déja avancée dans les conclusions de la Thése de Doctorat,
que “la biozonation des Acritarches pourra un jour doubler celle
des Graptolithes” . Ce type d’approche eut pour conséquence que
jamais Francine n’a considéré les observations taxonomiques
comme un simple exercice d'investigation morphologique; son
intérét s’est, en effet, de plus en plus focalisé sur I’identification
et la définition précise des marqueurs biostratigraphiques, sur la
variabilité de leur aspect apparent conséquence de leur état de
conservation, sur leur distribution stratigraphique et paléogéogra-
phique, sur l'identification des remaniements possibles.

Deux travaux publiés en 1973 représentent bien cette période
d’activité. L’un, concernant les acritarches de 1’Ordovicien infé-
rieur de la Montagne Noire, témoigne de plus de 1’élargissement de
I’aire géographique de sa recherche. L’autre traitant du Silurien
inférieur de Deerlijk (Belgique) met en lumiére un de ses autres
centres d’intéréts, qu’elle avait bien présent a D’esprit a cette
époque, mais qu'elle allait partiellement abandonner plus tard: la
valeur paléoécologique des différentes associations d’acritarches.

Or, méme si elle va continuer jusqu’a 1985 1’étude des palyno-
morphes ordoviciens et siluriens (et aussi dévoniens) de la Bel-
gique, par la suite Francine MARTIN a porté son intérét sur
d’autres régions en dehors de la zone franco-belge, 2 commencer
par le Canada dont elle étudie des chitinozoaires ordoviciens
(1975).

C’est en 1978 que les recherches de Francine MARTIN prennent
un tournant important: certaine, désormais, du potentiel biostrati-
graphique des acritarches et décidée a le vérifier sur des succes-
sions sédimentaires datées d’une maniére indépendante par des
macrofossiles ou des conodontes, elle commence toute une série
de recherches sur le Paléozoique inférieur de I’est de Terre-Neuve,
souvent en étroite collaboration avec W.T. DEAN pour ce qui
concerne les trilobites.

Ces recherches lui ont permis, d’abord, de définir les plus
caractéristiques des associations palynologiques de cet intervalle
stratigraphique et puis de proposer une premiére biozonation in-
formelle qui du Cambrien moyen et supérieur va jusqu’a la base du
Tremadoc (1982). Cette biozonation informelle devait, par la suite,
devenir une véritable zonation biochronologique a acritarches
(1988). Du fait que les associations d’acritarches du Cambrien
présentent un provincialisme assez réduit, cette zonation a consti-
tué non seulement une nouveauté pour cet intervalle stratigra-
phique, mais aussi, immédiatement adoptée dans le monde entier,
elle a bien vite connu des confirmations substantielles pour ce qui
est de sa validité. En 1994, Francine a encore publié une étude sur
le Cambrien du Pays de Galles. Ces résultats si importants ont dés
1984 valu a Francine M ARTIN la nomination de membre corres-

pondant de la “Subcommission on Cambrian Stratigraphy” de
I’'LU.G.S.

Pour ce qui est de 1’Ordovicien, Francine M ARTIN savait parfai-
tement que les temps n’étaient pas encore mirs pour de sérieuses
tentatives de biozonation a acritarches, a cause d’une taxonomie
confuse, ne disposant que de peu de données - et encore contradic-
toires - sur la distribution stratigraphique et paléogéographique des
différentes espeéces, exactement dans l'intervalle chronologique ou
devait s’imposer dans ce groupe un provincialisme important.

C’est ainsi que, entre 1978 et 1993, tous le travaux de Francine
M ARTIN sur 1'Ordovicien (acritarches et, parfois chitinozoaires)
suivent le méme plan: distinction et définition précise des possibles
marqueurs biostratigraphiques dans la Province nord-américaine
(Canada: Quebec, Alberta, Ontario; 1980-1984), en Australie
(1984), en Chine du nord-est et dans cette Province Perigondwa-
nienne que M ARTIN a envisagée la premiére (1982) et qui englobe
et resitue dans un cadre paléogéographique plus moderne, la “ Pro-
vince Méditerranéenne” des auteurs précédents. Ainsi Francine
étudie les associations perigondwaniennes a acritarches dans I’Or-
dovicien inférieur de Terre-Neuve (1978, 1981), d’Argentine
(1982), et de la Turquie (1992-1993). A partir de I’an 1990,
Francine M ARTIN est membre correspondant de la “ Subcommis-
sion on Ordovician Stratigraphy” de I’LU.G.S.

Le probleme de la caractérisation palynologique de la limite
Cambrien-Ordovicien a particuli¢rement intéressé Francine, sur-
tout dans ses travaux au Canada (Alberta: 1982, 1992) et, en 1984,
lors de sa participation active a la “Dayangcha International
Conference on Cambrian-Ordovician Boundary”, dans la Chine
du nord-est.

Pour ce qui est du Silurien, en Belgique surtout (mais occasion-
nellement aussi en Argentine, Autriche, Norvége, Canada, Angle-
terre), F. MARTIN s’en est occupée tout au long de sa vie de
chercheur, depuis 1967 jusqu’a 1990, donnant toujours a ses tra-
vaux la méme allure: reconnaissance des associations caractéristi-
ques et de leurs marqueurs, définition des taxa les plus significatifs
et de leur distribution stratigraphique et zonale. Il en résulte la
définition (1989) de six "groupes informels” d’acritarches, entre
le Rhuddanien et le Pridoli, groupes plus ou moins corrélés avec les
biozones a graptolithes correspondantes. Le poids des recherches
de Francine M ARTIN est, bien siir, souligné par sa nomination de
membre titulaire de la “Subcommission on Silurian Stratigraphy”
de TL.U.G.S. de 1974 a 1992, de Secrétaire de la dite Subcommis-
sion de 1974 a 1984 et de membre correspondant depuis 1992.

Déja dans ses premiers travaux, F. M ARTIN a montré une parti-
culiére attention pour le probleme de la limite Ordovicien-Silurien
et son expérience, si particulierement importante en ce secteur (elle
a aussi été membre correspondant de 1’‘‘Ordovician-Silurian Boun-
dary Working Group" de I’LLU.G.S., de 1979 a 1985) s’exprime
dans les dix pages d’une syntheése trés lucide des problémes paly-
nologiques qui y sont reliés (1988).

Pendant quelques années (1981-1985) elle s’est aussi occupée du
Dévonien en Belgique: les résultats, surtout relatifs a la limite
Frasnien-Famennien, se trouvent résumés dans une synthése parue
en 1994.

Toute I'expérience scientifique de Francine MARTIN on peut la
retrouver dans les 63 pages qui constituent un de ses derniers
travaux ("Acritarches: a review”, 1994) et dans lesquelles Fran-
cine, tout en s’adressant aussi 4 des non-spécialistes, résume pour
les spécialistes le rdole des acritarches comme instruments biostra-
tigraphiques, en s’appuyant sur des exemples appropriés: Précam-
brien, limite Précambrien-Cambrien, limite Cambrien-Ordovicien,
limite Frasnien-Famennien. C’est la un travail auquel Francine
tenait beaucoup: ses amis le savent trés bien et, d’ailleurs, ce style
fluide et en méme temps rigoureusement scientifique, est 1a pour le
prouver.

M. TONGIORGI et A. Di MILIA
Dipartimento di Scienze delia Terra
Universita di Pisa
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Assessment of an old stratotype: the Frasnian/Famennian boundary

at Senzeilles, Southern Belgium

by Pierre BULTYNCK & Francine MARTIN

Abstract

At Senzeilles, southern Belgium, the base of the Famennian as origin-
ally proposed by GOSSELET (1877-1880) corresponds best to that of the
first bed of the Early Palmatolepis triangularis Zone. Conodonts from
the latter are equated \vi(h those of the basal Famennian bed of the
Frasnian-Famennian boimdary stratotype at Coumiac, southern France
(KLAPPER et al., 1993). Eight taxa of the genus Palmatolepis are
described; two new forms are distinguished in Pa. triangularis, and
two others in Pa. protorhomboidea.

Pa. linguiformis, a species confined to its eponymous biozone at the
top of the Frasnian, is found for the first time in the Matagne Member at
the Neuville section, in the vicinity of Senzeilles.

Among the palynomorphs at Senzeilles, the most characteristic change
is the appearance of Visbysphaera? occultata slightly below the “his-
torical” Frasnian/Famennian boundary, introduced by SARTENAER
(1983), located less than 1 m below GOSSELET’S boundary, and based
on the renewal of the macrofauna.

Key-words: Frasnian-Famennian boundary, Senzeilles,
acritarchs, chitinozoans, conodonts.

Belgium,

Résumé

A Senzeilles, dans le sud de la Belgique, le niveau de base du Famen-
nien originellement proposé par GOSSELET (1877-1880) correspond au
mieux avec le premier banc contenant la Zone Inférieure a Palmato-
lepis triangularis. Les conodontes de celui-ci sont comparables a ceux
du premier banc famennien du stratotype de la limite Frasnien/Famen-
nien 2 Coumiac, dans le sud de la France (KLAPPER ef al., 1993). Huit
taxons du genre Palmatolepis sont décrits; deux nouvelles formes sont
distinguées dans Pa. triangularis et deux autres dans Pa. protorhom-
boidea. Pa. linguiformis, espéce restreinte a la biozone éponyme du
sommet du Frasnien, est trouvée pour la premiére fois dans le Membre
de Matagne, a la section de Neuville proche de Senzeilles. Parmi les
palynomorphes de Senzeilles, le changement le plus caractéristique
concerne 1’ apparition de Visbysphaera? occultata peu sous la “limite
historique” du Frasnian/Famennian. Celle-ci, introduite par SAR-
TENAER (1983) et localisée moins d'l m sous la limite de GOSSELET,
est basée sur le renouvellement de la macrofaune.

Mots-clefs: limite Frasnien-Famennien. Senzeilles, Belgique, acri-
tarches, chitinozoaires, conodontes.

Introduction

At the Washington meeting of the Subcommission on
Devonian Stratigraphy (SDS) in 1989, two possible stra-
totypes for the Frasnian/Famennian boundary at the base
of the Palmatolepis triangularis conodont Zone were

judged worthy of further consideration. One is at Cou-
miac in the Montagne Noire, S France, the other at
Steinbruch Schmidt, near Bad Wildungen in the E Rhen-
ish Schiefergebirge, Germany. The preferred level occurs
above a major extinction event, known as the Kellwasser
Event (W ALLISER, 1985, p. 405) and represented in many
sections by the development ofblack hypoxic deposits. In
1992 the SDS recommended that the Global Stratotype
Section and Point (GSSP) should be at Coumiac, a pro-
posal approved by the International Commission on Stra-
tigraphy (KLAPPER, FEIST, BECKER & HoOUSE, 1993). The
main purpose of the present paper is to compare the
position of this GSSP with the original Frasnian/Famen-
nian boundary at Senzeilles, in the type area of the two
stages in S Belgium and to document acritarchs, chiti-
nozoans and conodonts from boundary beds in the latter
section. Conodont faunas from Senzeilles are also com-
pared with those at Steinbruch Schmidt, where the Kell-
wasser Event is particularly well demonstrated and in-
cludes the reference section for the Palmatolepis lingui-
formis and Early- and Middle Pa.
(Z1EGLER & SANDBERG, 1990), which are important for

triangularis zones

recognising the Frasnian/Famennian boundary.
GosseLET (1877) drew special attention to the litho-
logical and macrofaunal succession in the now-infilled
Senzeilles railway cutting. Amongst the 13 lithological-
faunal units (A to R) recognised by him, three are critical
for the understanding of the Frasnian/Famennian bound-
ary (GosseLET, 1880, p. 108). Unit F (“ schistes noirs trés-
feuilletés, 1 m, Cardium palmatum”) is assigned to the
Matagne Shales; unit G (“schistes noirs, 4 m” ) is con-
sidered transitional between F and H; and the latter
(“schistes contenant de grosses plaques solides, 6 m,
Cyrtia Murchisoniana...") is ranged at the base of the
Famenne Shales. GosseLET stressed that it is very dif-
ficult to establish a clear cut boundary between the Ma-
tagne Shales and the Famenne Shales because of the
transitional nature of unit G. GosseLet (1880, p. 108)
introduced a new unit for the lower part of the Famenne
Shales, the “ Schistes de Senzeilles a Rhynchonella oma-
liusi.- Schistes argileux verdatres, avec plaquettes dures
tant6t siliceuses, tantdt calcaires”, the base of which
coincides with the Frasnian/Famennian boundary. From
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GosseLET’s (1888, pp. 557-551, flg. 136) drawing there is
no doubt that the position of this boundary is at the base of
unit H at Senzeilles. SarTENAER (1960, pp. 435-437,
pi. 1), restudying the same section, concluded that on
the basis of the renewal of the macrofauna, mainly bra-
chiopods, the Frasnian (Schistes de Matagne)/Famennian
boundary is a little below unit H of GosseLeT and within
unit G. He also summarised the range of rhynchonellid
zones established earlier by him which are critical for
correlating the buried railway section with the 1988-89
cuttings here described. Subsequently, several authors
referred to the latter Frasnian/Famennian boundary level
as the “limite historique” or “historical boundary” (e.g.
SARTENAER, 1983; VANGUESTAINE et al, 1983; BuL-
TYNCK, 1988; Casier, 1989 and 1992). In a document
submitted to the SDS, SARTENAER (1983, p. 3, fig. 1) gave
details of the lithology and macrofauna of the boundary
beds in the old railway cutting at Senzeilles, stating that
the historical boundary is about 0.75 m below unit H of
GosseLET; these data were shown by Burtynck (1988
p. 23, fig. A 2/4). In 1976, the railway cutting was buried
and a new reference section (“coupe-témoin” ), about
17 m south of the original one, was excavated by the
Geological Survey of Belgium. BULTYNCK & M ARTIN (in
M ARTIN, 1985, fig. 3) illustrated the Famennian part of
the “coupe-témoin” .

The lowermost Senzeilles Shales and the transition to
the Matagne Shales were not exposed in the 1976 cutting.
In late 1988-early 1989 the IRScNB undertook the dig-
ging of two complementary cuttings. C asiEr (1992) de-
scribed the two trenches and discussed the palaeoenvir-

Belgium

Senzeilles

to road Philippeville - Couvin

Position of former viaduct
(Pont rouge)
— Buried railroad cut of Senzeilles

East cutting
"Coupe-témoin”

West cutting

cess road—p
to section-—-—

Fig. 1 — Sketch map showing the location of the original
railway cutting at Senzeilles (1854-1976), the
“coupe-témoin” (1976-1993) and the east and west
cuttings (1989-1993); + : position of the original
Frasnian/Famennian boundary and general strike of
the beds.

onmental changes across the Frasnian/Famennian bound-
ary, mainly on the basis of ostracods.

The position of the former railway section, the “coupe
-témoin” and the two complementary cuttings, east and

3

west, are shown (Fig. 1). In Spring 1993 the lower part of
the “coupe - témoin” (up to 86 m, M ArRTIN, 1985, p. 5,
fig. 3) and the two complementary cuttings were filled in,
but documents, including photographs, and samples from
the two last are at the IRScCNB.

Lithostratigraphy and macrofauna from the east and
west cuttings and correlation with the old railway
section

Lithostratigraphic units used here are shown (Fig. 2). The
uppermost part of the Frasnes Group belongs to the
Valisettes Formation (BouLvaiN et al., 1993, p. 27) and
consists mainly of fine, dark grey-greenish shales with
nodules and a few limestone beds. According to the
decision of the National Commission on Devonian Stra-
tigraphy (minutes of meeting of May 26th, 1993), the
formation is subdivided into a Wérin Member (lower
part) and a Matagne Member (upper part), the latter
characterised by fine, fissile, dark greyish to blackish
shales with nodules and containing small, thin-shelled
bivalves and brachiopods. The Senzeilles Formation,
lower part of the Famenne Group, consists characteristi-
cally of greenish shales with nodules, and beds of nodular
limestone and limestone. Between the typical Senzeilles
Shales (= informal member 2) and the Matagne Shales are
a few metres of more compact shale, blackish to bluish
with rare macrofossils. The latter beds are more or less
equivalent to unit G of GosseLET (1877); to “passage de
schistes noirdtres a des schistes bleuatres puis verdatres’’
of SARTENAER (1973a, p. 4); and to “schistes de transi-
tion” of Casier (1992, pp. 110-113, fig. 2). The contact
of the latter unit with the underlying Matagne Member is

3

more clear cut than with the overlying Senzeilles Shales,
and the transitional beds are included here as informal
member 1 in the Senzeilles Formation.

It should be stressed that, because of the crumbly
nature of shales exposed in the east and west cuttings,
given thicknesses are approximate.

Fig. 2 — Ranges of selected taxa in the uppermost Frasnian
and lowermost Famennian at Senzeilles. Data for the
Matagne Mbr and the Senzeilles Fm are from the
west and east cuttings and the basal part of the
“coupe-témoin” ; data for the Wérin Mbr are from
MOURAVIEFF(1974, p.8), modified; *: position of the
GOSSELET (1877-1880) boundary; **:
the boundary according to SARTENAER (1960); ***
and ****: position of samples 7 and 5 of MOURA-

position of

VIEFF (1974); j and J: taxa are known from younger
and older strata in the same area.
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W EST cUTTING (Figs. 1 and 2)

For a complete description of the cutting, see CASIER
(1992). Black Matagne Shales, 4.80 m thick, were ex-
posed at the northern extremity of the trench, and the
underlying Wérin Member was not reached. The over-
lying member 1 of the Senzeilles Formation was recog-
nised, 3.50 m thick with a thin, clayey layer at the base.
Shales exposed in the southern part of the trench were
deeply weathered and the base of member 2 of the
Senzeilles Formation could not be confidently recog-
nised.

East cuTTING (Figs. 1 and 3).

Rocks exposed in the east cutting ranged from the upper
part of member 1 into the lower part of member 2 of the
Senzeilles Formation, crossing the Frasnian/Famennian
boundary. The former unit, 2.20 m thick, contained dark
bluish to blackish shales with some calcareous nodules;
macrofossils were almost absent in the lower 1.75 m.
Renewal of the macrofauna was observed in the sample
interval 89-1 to 89-3 with the appearance of: Athyris
reticulata (GosseLET), Aulacella arcuata (PHIiLLIPS), Pro-
ducidla subaculeata (M URCHISON), Schizophoria striatu-
la (von ScHLoTHEIM), Cyrtospirifer verneuili (M URCHI-
soN) group, n. gen. aff. Ripidiorhynchus SARTENAER,
Cranaenidae and orthoconic cephalopods.

The base of this interval was correlated with the “his-
torical” Frasnian/Famennian boundary in the old railway
section by SARTENAER (1960, pi. 1), 47.65 m W of the
former viaduct (“Pont rouge”). The base of member 2
was marked by the first greenish shales and coincides
with the base of the “Schistes de Senzeilles” (CASIER,
1992, p. 112, fig. 2). About 0.25 m higher was found a
5 cm thick brachiopod coquina containing the above
listed taxa together with a probable Cyrtiopsis murchi-
soniana (DE KoNINCK) (non de VERNEUIL) specimen. This
level is correlated with the base of unit H of GosSELET
(1877), corresponding to the Frasnian/Famennian bound-
ary as defined by him; it is 70 cm above the “historical
boundary”, as was the case in the old railway section. In
the 3.50 m of overlying greenish shales were several
layers of limestone nodules with a rich brachiopod fauna
containing, in addition to the listed taxa: Cyrtiopsis
murchisoniana group, Pampoecilorhynchus lecomptei
(SARTENAER), Eoparaphorhynchus praetriaequalis (SAR-

Fig. 3 — Ranges of selected taxa in the east cutting and the
basal part of the “coupe-témoin” at Senzeilles; the
thickness of the Pampoecilorhynchus lecomptei
Zone is based on the range of the species recorded
in the east cutting, completed (indicated by “?”)
with the data from the old railway section (SARTE-
NAER, 1960, p.434); j and |: taxa are known from
younger and older strata in the same area.

Frasnian/Famennian boundary at Senzeilles 9

TENAER) and “ Orthotetes ” consimilis (DE KoONINCK). The
two lowermost Famennian rhynchonellid zones (P. le-
comptei and the E. praetriaequalis zones), established in
the old railway section by SARTENAER (1954 and 1957)
were recognized. In the latter section P. lecomptei and E.
praetriaequalis appear respectively 0.70 m and 3.35 m
above the “historical boundary”, but in the east cutting
they are 1 m and 3.20 m above it. Correlations between
the different reference levels in the old railway section
and the east cutting are considered here to be sufficiently
reliable, and the difference of 0.30 m in the first occur-
rence of P. lecomptei may be explained by the relative
rarity of the species.

The uppermost part of the east cutting was correlated
with the lowermost part of the “coupe-témoin”, cono-
dont sample 88-1-fcorresponding to conodont sample 85-
2 (= sample 2* in M ArTIN, 1985, p. 5, fig. 3 and sample 2
in BULTYNCK, 1988, p. 22, fig. A 2/3).

Conodont sequence (Figs. 2, 3 and Table 1)

Samples from the Matagne Member in the west cutting
(bed S 86 in CasiEr, 1992, p. 112, fig. 2 and calcarecous
nodules 0.10 m below) and from member 1 of the Sen-
zeilles Formation in the east cutting did not produce
conodonts. All samples, except one, from member 2 of
the latter formation in the east cutting and the basal part
of the “coupe - témoin” , contained good conodont fau-
nas, most commonly about 100 specimens/kg. In all these
samples Palmatolepis and Icriodus taxa are dominant,
generally more than 80% of the fauna, with Polygnathus
forming between 10 and 20% (Table 1).

Using Palmatolepis taxa the conodont sequence from
sample 89-4 up to sample 85-4 is divided into three
biostratigraphical intervals, the two lowest of which be-
long to the Early Pa. triangularis Zone and the third to
the Middle Pa. triangularis Zone.

In the first biostratigraphical interval, from sample
9-4 (= base of unit H of GosseLeTr, 1877) to 88-1-c and
2.50 m thick, Pa. triangularis form a is the dominant
Palmatolepis taxon with some Pa. praetriangularis and
far fewer Palmatolepis n. sp. a. The base of the second
interval , from sample 88-1-g to 88-2b and 1.50 m thick,
coincides with the first occurrence of the b form of Pa.
triangularis and the a form of Pa. protorhomboidea. The
highest range of Pa. praetriangularis is at the top of the
interval, and Pa. delicatula delicatula occurs first at the

Table 1 — Distribution and number of conodont taxa and
elements in samples from the east cutting and the
basal part of the “coupe-témoin” at Senzeilles; * :
sample 89-1 is 1.80m above the base of the se-
quence exposed in the east cutting; **: percentages
of Pa elements belonging to the genera Palmato-
lepis, Ancyrognathus!, Polygnathus, Mehlina and
Icriodus.
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same level. The third interval, from sample 78-18 up-
wards, is marked at the base by the first occurrence of
Palmatolepis clarki; Ancylognathus! cryptus appears at
the same level and the b form of Palmatolepis proto-
rhomboidea just above.

Comparison with the conodont succession established
by Krapper (1990, pp. 34-37, fig. 18) and KLAPPER ef ai,
(1993, pp. 435-437) in the GSSP for the Frasnian/Famen-
nian boundary at Coumiac and using the author’s collec-
tion from the same section, indicates that interval 1 is
certainly not younger than the two lowest Famennian
beds 32 a (17 cm) and 32 b (18 cm), based on the common
presence of Pa. praetriangularis, Pa. triangularis and
Palmatolepis n. sp. a, and on the first occurrence of Pa.
protorhomboidea and Pa. delicatula delicatula in interval
2 at Senzeilles and bed 32 c at Coumiac. Judging from the
different levels of first occurrence of Pa. triangularis
forms a and b, distinguished here, the conodont fauna
of interval 1 at Senzeilles is best compared with that in the
lower 3 cm of bed 32 a (= sample 32 a 1) at Coumiac. A
reference sample from this level contained about 60
specimens of the a form and 1 specimen intermediate
between the a and b forms, the latter of which first occurs
in the upper 14 cm of bed 32 a (see PI. 6, Figs. 1-3, 6).

Comparison with the standard conodont zonation in the
late Frasnian (Late Palmatolepis rhenana Zone - Pa.
linguiformis Zone) and the Early Famennian (Early and
Middle Pa. triangularis zones) established by ZIEGLER &
SANDBERG (1990, pp. 20-23) with reference section at
Steinbruch Schmidt, indicates that the base of interval 1
is close to the base of the Early Pa. triangularis Zone and
that the base of interval 3 cannot be older than the Middle
Pa. triangularis Zone. All species listed for the former
zone (op. cit., p. 22) were found in intervals 1 and 2 at
Senzeilles. The same authors also specified that Pa.
delicatula delicatula first occurs at orjust above the base
of this zone and Pa. protorhomboidea high within it, but
the two species appear in the middle part of the Early Pa.
triangularis Zone at Devil’s Gate, Nevada (SANDBERG et
al,, 1988, pp. 286-287, tabl. 3). At Senzeilles the order of
first occurrence of the two species is reversed, Pa. pro-
torhomboidea being common to abundant from the base
of interval 2 onwards and Pa. delicatula delicatula rare
near the top of the interval. Pa. delicatula platys Z1EGLER
& SANDBERG, 1990, the lowest range of which defines the
base of the Middle Pa. triangularis Zone, has not been
found in either the new cuttings or the whole “coupe -
témoin “ at Senzeilles.

Ancyrognathus? cryptus, which first occurs commonly
at the base of the Middle Pa. triangularis Zone, and
Palmatolepis clarki, which enters somewhat higher
(ZIEGLER & SANDBERG 1990, p. 22), appear at the base
of interval 3, so the latter can be no lower than the Middle
Pa. triangularis Zone. We assume that most of interval 2
belongs to the higher part of the same zone, and interval 1
to the lower part of the Early Pa. triangularis Zone. In
correlating with the lithological succession at Steinbruch
Schmidt, interval 1 at Senzeilles is most likely repre-
sented in the lower part of bed A (0.14 to 0.21 m thick),

Frasnian/Famennian boundary at Senzeilles 1

without Pa. delicatula delicatula (SANDBERG et ai, 1988,
pp. 278-279, tabl. 1); interval 2 is correlated with the
upper part of bed A and with bed B (0.07 to 0.14 m thick);
and the base of interval 3 coincides with the base of bed
C. The occurrence ofthe a and b forms of Pa. triangularis
has been checked in reference samples from beds A, B
and C. Samples from A and B were almost completely
dominated by form a, with one specimen of form b in
sample A and several intermediate between a and b in
sample B. In sample C both forms were common (PI. 6
Figs. 4-5,7).

Although the base of biostratigraphic interval 1is close
to the base of'the Early Pa. triangularis Zone and the base
of the Famennian, there are no conodont data from the
8.50 m thick sequence immediately below. In order to
offset this lack of data, the biostratigraphical interval 1is
positioned with reference to the youngest Frasnian con-
odont faunas from the old railway section at Senzeilles
(M OURAVIEFF, 1974, p. 8, samples 6 and 7) and new
conodont data from the Matagne Member in the nearby
southern railway section at Neuville (BouLvaIN et ai,
1993, p. 18, fig. 4 for location) are provided.

Samples 6 and 7 of MouraVvIEFF (1974) were collected
from the uppermost Wérin Member, on the NW side of
the former viaduct (“Pont Rouge” ) and separated by a
fault from the overlying Matagne Member. The thickness
of this part of the Wérin Member (Fig. 2) was calculated
from data in SARTENAER (1983, p. 3, fig. 1). Re-examina-
tion of MourAVIEFF’S conodont collections indicates that
Palmatolepis rotunda Z1EGLER & SANDBERG, 1990, Pa.
rhenana nasuta MULLER, 1956 and Pa. subrecta M ILLER
& YOuUNGQUIsT, 1947 have their last occurrence in sample
6, and that Pa. rhenana rhenana BiscHoFrr, 1956 is pre-
sent in samples 6 and 7. The two samples are assigned to
the Late Pa. rhenana Zone on the basis ofthe presence of
Pa. rhenana rhenana and the absence of Palmatolepis
linguiformis, Pa. praetriangularis and Ancyrognathus
ubiquitus.

The 5 to 8 m of Matagne Shales and transitional beds
(= Matagne Member and member 1 of the Senzeilles
Formation in the present paper) at Senzeilles have never
yielded conodonts. According to SARTENAER (1983, p. 2)
the limited thickness of Matagne Shales at Senzeilles
compared with the Frasnes area, which belongs to the
southern border of the Dinant Synclinorium where the
exposed part is about 42 m thick (SARTENAER, 1974, p. 4),
is related to the presence of an important fault at their
base.

The Senzeilles area belongs to the Philippeville Massif,
now 10 km N of Frasnes, and the thickness of Matagne
Shales there is mostly reduced. Coen (1977, p. 27) des-
cribed an undisturbed Frasnian to lower Famennian
succession S of Philippeville with about 10 m of dark
“Matagne” shales overlain by greenish Senzeilles Shales
with nodular limestone beds containing Palmatolepis
triangularis. Dark shales “d’aspect Matagne” about
6.5 m to 9 m thick were described from the southern
railway section at Neuville (3.5 km W of the section at
Senzeilles and belonging to the same structural unit) by
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SARTENAER (1973b, unit 8) and by COEN & COEN-A UBERT
(1974, pp. 4-5). BOUCKAERT, et al., (1970, pp. 3-4) de-
scribed conodont faunas with Ancyrognathus asymmetri-
cus (ULRICH & BASSLER, 1926), Ancyrodella curvata
BRANSON & MEHL, 1934 and Palmatolepis subrecta from
the same beds. The Neuville Section was resampled for
conodonts in collaboration with HaypukiewicH (Univer-
sity of Wroclaw). Sample 45, from the Matagne Shales
exposed about 10 m SW of km 103, contained Palmato-
lepis linguiformis, Pa. subrecta, Ancyrodella curvata and
Ancyrognathus ubiquitus (P1. 9 Figs. 10-12), a fauna that
belongs to the latest Frasnian Pa. [linguiformis Zone.
CAsSIER (1982, p. 4) described from the same interval an
ostracod fauna with FEntoprimitia splendens (W ALD-
scamIpT, 1885) and E. kayseri (W aLpscumipT, 1885).
Thus, conodonts and ostracods indicate that at one locality,
at least, in the Philippeville Massif, the Matagne Member
is of latest Frasnian age and can be correlated with the
Upper Keliwasser Event (ScHINDLER, 1990, pp. 20-21).

Acritarch sequence and chitinozoan assemblage

The acritarchs and chitinozoans were concentrated by
means of routine treatment using samples of about 30 g
of shale, and are neither coloured nor oxidised. Composi-
tion of acritarch and chitinozoan assemblages (Tables 2,
3) is presented for each sample. Thicknesses shown be-
tween the latter are approximate as reference levels are
very limited in the altered shales, especially in the wes-
tern cutting, at the top of which stratigraphie control is
difficult owing to man-made changes. The acritarchs,
which number from some tens to some thousands per
gramme of rock, are variably preserved and from slightly
transparent yellow-brown to opaque. Details of ornamen-
tation are irregularly preserved and often incomplete.
Acritarchs are relatively most abundant and best pre-
served in the eastern cutting, from member 2 of the
Senzeilles Formation upwards; only 1-10% of specimens
were determinable in assemblages from older levels.

The chitinozoans, ranging at most from a few to some
tens per gramme of rock, are blackish-brown and poorly
preserved. Often flattened, with more or less parallel
cracks and very incomplete ornamentation, they are rela-
tively least rare in the Matagne Member of the Valisettes
Formation.

Acritarchs

All acritarchs in the following list come from sections at
Senzeilles. An asterisk (*) indicates the five species
reviewed in discussion ofthe Frasnian/Famennian bound-
ary on the southern margin of the Dinant Basin (M ARTIN,
1993, p. 518-521) because of their relatively limited
range within the Upper Devonian and as the point at
which they appear can be estimated with reference to
the conodont zonation. A hyphen (-) indicates three taxa
omitted from the tables of assemblage composition, as

they are known at least from the Silurian. Except for the
latter, all forms have been illustrated, described or dis-
cussed by M artin (1981, 1982, 1985); none have yet
provided evidence useful for defining the Frasnian/Fa-
mennian boundary as it was agreed by the SDS in 1988
(Oliver & ChlupaC, 1991). Names and references within
quotation marks indicate combinations not accepted by
Fensome et al, (1990) but used here.

"Ammonidium exoticum (D eunff) Lister, 1970’
Ammonidium grosjeani & W illiere)
M artin, 1981

Craterisphaeridium sprucegrovense (Staplin) Turner,

1986

Daillydium pentaster (Staplin) emend. Playford in
Playford & Dring, 1981

Duvernaysphaera radiata Brito, 1967

'Eisenackidium martensianum Stockmans & W illiere,

1969°
*Ephelopalla media (STOCKMANS & WILLIERE) MARTIN,

1985

Evittia c¢f. E. sommeri BRITO, 1967

‘Exochoderma cleopatra (D eunff) M artin, 1985

(Stockmans

Maranhites cf. M. gallicus Taugourdeau-Lantz, 1968
Maranhites stockmansii M artin, 1981 emend. M artin,
1985

- Micrhystridum stellatum DEFLANDRE, 1945
Multiplicisphaeridium ramispinosum STAPLIN, 1961
Paleanthus ledanoisii (D EUNFF) PLAYFORD, 1977
Pterospermella tenellula PLAYFORD, 1981
Schizocystia? aff. 5.2 bicornuta JARDINE et al., 1974
Stellinium comptum W ICANDER & LOEBLICH, 1977
'Stellinium micropolygonale (STOCKMANS & W ILLIERE)
PLAYFORD, 1977

Stellinium cf. S. rabians (Cramer) Eisenack etal., 1976
'Unellium cornutum W icander & Loeblich, 1977’
Unellium elongatum W icander, 1974

Unellium piriforme Rauscher, 1969

- Veryhachium downiei Stockmans & W illiere, 1962

- Veryhachium
1960
Veryhachium polyaster Staplin, 1961

*'Villosacapsula ceratioides (Stockmans & W illiere)
Loeblich & Tappan, 1976'

* Villosacapsula globosa Vanguestaine et al., 1983

* Visbysphaera! fecunda V anguestaine ef al., 1983

europaeum STOCKMANS & W ILLIERE,

* Visbysphaera! occultata M artin, 1985
Winwaloeusia ranulaeforma M artin, 1985

PALYNOFLORA? |

In the lower half of the western cutting, corresponding to
the upper part of the Matagne Member of the Valisettes

Table 2 — Range chart of acritarchs and chitinozoans at Sen-
zeilles west cutting. (Number of specimens: rr= 1;
r=2—19; ¢ =20—100; cc = more than 1(H)).
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Formation and to the lower part of member 1 of the
Senzeilles Formation. Villosacapsula globosa (Pl. 1,
Figs. 1, 4, 5, 8, 11, 13, 14) and V. ceratioides (Pl. 1,
Figs. 10, 12, 15) were rarely determined, except in a
single sample (FM-89-1-2) near the base of the section.
The latter contains relatively numerous V. ceratioides and
is also the only sample to yield very rare Visbysphaera?
fecunda, a species easy to recognise even in a fragmen-
tary state. The two lowest levels in member 1 of the
Senzeilles Formation contain, notably, Exochoderma
cleopatra. This taxon, considered here as a synonym of
Diexallophasis remota (DEUNFF) PLAYFORD, 1977 sensu
VANGUESTAINE et al., (1983), is without detailed strati-
graphie value either in or outside Belgium, as noted by
VANGUESTAINE ef al., (1983, p. 148) and by LoBoziak et
al., (1983, p. 179). In the absence of Visbysphaera?
occultata and Ephelopalla media, the badly preserved
assemblages are questionably, and for want of better
evidence, placed in palynoflora I (M arTIN, 1985). The
first three taxa are known from the middle part of the
Frasnian onwards, and only the levels of first appearances
confirmed with reference to the conodont zonation are
considered here; their order of succession is insufficiently
known to justify proposing any biostratigraphic subdivi-
sions. The appearances of Visbysphaera! fecunda and of
Villosacapsula ceratioides in northeastern France (LE
HERISSE & DEUNFF, 1988) are both the oldest and the best
dated with reference to the conodont zonation (BRICE et
al., 1980). At Ferques, in the Boulonnais, the entry of the
former species, at the top of the Beaulieu Formation and
with an impoverished conodont fauna, is above a level
attributable to the top of the Pa. transitans Zone or to the
Pa. punctata Zone, and below the Early Pa. hassi Zone.
The appearance of Villosacapsula ceratioides in the Fer-
ques Formation follows that of Visbysphaera!fecunda’, it
is located in the above mentioned conodont interval or
belongs to the Early Pa. hassi Zone (LE HERISSE &
DEUNFF, 1988, p. 107, table I, p. 140). In Belgium the
first conodont-dated record of these two acritarch species
and Villosacapsula globosa is a little higher in the middle
part of the Frasnian. A level in the Boussu-en-Fagne
Member of the Grand-Breux Formation, immediately
north of Frasnes (M artTIN, 1982, sample FM-79-6-1),
which may be correlated with the upper part of the
Ferques Formation (CoeN-A UBERT, 1994, table 1), con-
tains numerous specimens of Visbysphaera!fecunda and
Villosacapsula ceratioides, and very rare V. globosa. The
sample is situated a little less than 10 m below the
Neuville Formation (sensu BouLvaIN, COEN & COEN-
1993), itself dated as Pa.
jamiae Zone to Early Pa. rhenana Zone in the Frasnes
area (SANDBERG ef al., 1992), and Late Pa. hassi Zone to
Pa.jamiae Zone at Nismes (HELSEN & BULTYNCK, 1992).

AUBERT in BOULVAIN et al.,

Table 3 — Range chart of acritarchs and chitinozoans at Sen-
zeilles east cutting. (Number of specimens: rr = 1;
r=2—19; ¢ = 20—100; cc = more than 100).

Frasnian/Famennian boundary at Senzeilles 15

PaLyNofFLORA II (approximately Zone Vg)

In the western cutting, the entry of Visbysphaera! occul-
tata (P1. 1, Figs. 2, 3, 6, 7, 9), 0.70 m above the base of
member 1 of the Senzeilles Formation, precedes slightly
that of Ephelopalla media (Pl. 2, Figs. 1-10). With re-
ference to the ostracod samples of Casier (1992), the
former species starts between S95 and S96, and the latter
between S99 and S 100. The same author placed the
Frasnian/Famennian boundary slightly less than 1 metre
higher, between samples S100 and S101, on the basis of
the renewal of macrofauna underlined by SARTENAER
(1960). In the eastern cutting, Visbysphaera! occultata
is abundant from the beginning of member 1 of the
Senzeilles Formation, and Ephelopalla media appears at
the summit of the same member, 0.50 m below the first
Famennian level belonging to the Early Pa. triangularis
Zone. No other significant appearance of acritarch taxa is
known from deposits of this conodont zone or (M ARTIN,
1985) in succeeding strata of the Middle Pa. triangularis
Zone, as the distinction between two varieties, Ephelo-
palla media praemedia and E. media media (VANGUES-
TAINE et al., 1983, p. 128), often difficult to observe when
the continuous variation in the species is not sufficiently
well preserved, could not be established here. With re-
servations, due to the unsatisfactory state of preservation
of'the acritarchs and the relative spacing of collecting, the
sample located 0.50 m below the top of member 1 in the
eastern cutting, below the first bed containing the Early
Pa. triangularis Zone and marking the appearance of
Ephelopalla media, could correspond to that situated
2,80 m above the base of member 1inthe western cutting.
All samples from the eastern cutting, as well as those
(FM-79-10-1 to FM-79-10-4) from the western extension
of the reference section published by BULTYNCK & M AR-
TIN (in M ARTIN, 1985) lack Villosacapsula ceratioides,
which has been recognised very sporadically in the Sen-
zeilles area up to a level between the zones of Ptycho-
maletoechia gonthieri and P. dumontii (M ARTIN, 1985,
sample FM-80-8-12); they contain often numerous Villo-
sacapsula globosa and Visbysphaera! occultata as well
as Exochoderma cleopatra. Ephelopalla media, variably
represented from 2 m above the base of the cutting,
becomes abundant in the upper part of deposits dated as
Early Pa. triangularis Zone, starting with FM-88-7-5.
Beginning with the appearance of Visbysphaera! occul-
tata, the levels belong to palynoflora Il (M arTIN, 1985) or
to Zone Vg (VANGUESTAINE ef al., 1983), accepting in-
formally that the latter begins at the appearance of the
taxon. The original definition of this assemblage zone
takes account of the entry of new taxa (Villosacapsula!
occultata, Ephelopalla media praemedia) and the relative
frequency (Villosacapsula globosa) or re-appearance
{Exochoderma cleopatra) of species known from earlier
in the Frasnian. At Senzeilles the first occurrence of
Visbysphaera! occultata is imprecise in terms of cono-
dont zones but is probably slightly older than in the
condensed sections at Hony and Sinsin. According to
VANGUESTAINE ef al., (1983) and STREEL & V ANGUES-
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TAINE (1989), the species appears at Hony just above bed
48b with conodonts of the Early Pa. triangularis Zone,
and at Sinsin between the last bed with Pa. linguiformis
and the first with Pa. triangularis, at a level closer to the
former than to the latter. The entry of Ephelopalla media,
as emphasised by Vanguestaine ef al,, (1983, p. 148), is
situated slightly above that of Visbysphaera? occultata at
Senzeilles, Hony and Sinsin.

Chitinozoans

The chitinozoans are badly preserved and do not permit
chronostratigraphic distinctions to be made between the
different levels in the Senzeilles cuttings. All determin-
able specimens belong to the Subfamily Angochitininae
Paris, 1981, and are relatively small, with an overall
length of some 130 to 200 pm. In the Matagne Member,
where they are relatively less rare, and in members 1 and
2 of the western cutting, the assemblage contains:
Sphaerochitina cf. S. sphaerocephala (EISENACK) EISE-
NACH, 1955 sensu M arTIN, 1982 (PL. 3, Figs. 1-3); Ango-
chitina sp. 1(PL. 3, Figs. 6, 7, 10, 11) with spines that are
distally coalescent but tend to be bifid proximally; Ango-
chitina sp. 2 (PL. 3, Figs. 4, 9, 12, 14-16) whose spines
have a free distal extremity and a base that is often bifid;
and Gotlandochitina sp. (PL. 3, Figs. 5, 13, 17) with robust
spines, variably aligned and always incomplete. Only the
last genus has been determined in member 1at the eastern
cutting.

This angochitininid assemblage differs essentially
from that, equally badly preserved, from the lower part
of the Matagne Member immediately north of Frasnes
(M ARTIN, 1982), in the presence of specimens of Ango-
chitina sp. 1 and sp. 2 with denser ornamentation, and in
the absence oiAngochitina devonica EISENACK, 1955 and
Hoegisphaera glabra StaprLin, 1962. Upper Devonian
chitinozoans are relatively little documented (BouMEND-
JEL et ai, 1988) and there is no detailed published in-
formation concerning them at the Frasnian/Famennian
boundary dated in terms of conodont biozones. A report
by PaRrIs & ELAoUAD-DEBBAJ to the Devonian Subcom-
mission (IUGS, Washington, 1989) provides preliminary
information on the ranges of chitinozoans at the E1 Atrous
section, Tafilalt, Morocco. In addition to the local re-
working present in all levels investigated they indicated
an important change in the genera of the Angochitininae,
beginning in the Lower Pa. triangularis Zone; this could
not be confirmed at Senzeilles. In the trench “C” of the
La Serre section (Montagne Noire), close to the Frasnian-
Famennian stratotype at Coumiac, Paris et al, (1994),
mention a chitinozoan bloom dominated by one undesig-
nated species of Angochitina in the first Famennian bed.

Systematic Palaeontology Conodonts

Representatives of conodont taxa from the Senzeilles
Formation at Senzeilles (Table 1) and the Matagne Mem-

ber at Neuville are figured (Plates 4 to 9). Descriptions
and discussions refer mainly to Pa elements of the genus
Palmatolepis, on which biostratigraphic interpretation
and correlations are based. Synonymies are limited to
the original reference and to figured specimens from
sections with which we established correlations or that
are relevant to the description of the new forms recog-
nized.

Figured specimens are in the collections of the Micro-
palaeontology - Palacobotany Section, Institut royal des
Sciences naturelles de Belgique.

Genus Ancyrognathus BRANSON & MEHL, 1934

Ancyrognathus ? cryptus ZIEGLER, 1962
PL. 7, Fig. 12.
v.* 1962 Ancyrognathus crypta n. sp. - ZIEGLER, pp. 49-50,
pi. 9, figs. 2-6.

DiscussioN: The single, figured Pa element agrees clo-
sely with the holotype of the species. Assignment to
Ancyrognathus is questioned because the Pa element of
A.l cryptus lacks a lateral lobe, developed in typical
representatives of the genus.

Ancyrognathus ubiquitus Sandberg, Ziegler &
Dreesen, 1988
PL. 9, Fig. 12.

1988 Ancyrognathus ubiquitus n. sp. Sandberg, Ziegler
& Dreesen — Sandberg etal., pp. 297 — 298, pi. 1,
figs. 5, 6; pi. 2, figs. 1-7.

1990 Ancyrognathus wubiquitus Sandberg, Ziegler &
Dreesen 1988 — Schindler, pi. 5, fig. 7.

1990a Ancyrognathus wubiquitus Sandberg, Ziegler &
Dreesen 1988 — Klapper, p. 1021, ﬁgs. 6.11-6.12.

1992  Ancyroides ubiquitus (Sandberg, Ziegler & Dree-
sen, 1988) — Sandberg et al, p. 60, pi. 9, figs. 7-9,
text-fig. 11.

Discussion: Identification of the single specimen from
the Matagne Member in the Neuville section is based on
the oval outline of the platform, the short high blade, the
attenuating lateral lobe and the prominent carinae on the
posterior platform and lateral lobe.

Genus Palmatolepis ULRICH & BASSLER, 1926

Palmatolepis clarki Z1EGLER, 1962

PI. 7, Fig. 11.
v.* 1962 Palmatolepis marginata clarki n. subsp. - ZIEG-
LER, pp. 62-65, pi. 2, figs. 20-22, 24-25 (only;



non figs. 23, 26, 27 = Pa. protorhomboidea form
a)

1984 Palmatolepis delicatula clarki Ziegler, 1962 -
Dreesen, pi. Lfigs. 10, 13 (only; fig 12 = Pa.
protorhomboidea; figs. 11, 15 = juvenile speci-
mens of Palmatolepis sp.).

1990 Palmatolepis clarki Ziegler, 1962a - Ziegler &
Sandberg, p. 66, pi. 16, fig. 7.

DiscussioN: Specimens assigned here to Pa. clarki show
features in the emended diagnosis by ZIEGLER & SAND-
BERG (1990): the elongated platform, the fortified inner
anterior platform margin and the short outer lobe, espe-
cially demarcated anteriorly. In Pa. protorhomboidea
form a the outer lobe is not well defined anteriorly.

Palmatolepis delicatula delicatula BRaANSON &

M EHL, 1934
PI. 7, Figs. 6-7.
* 1934 Palmatolepis delicatula BRANSON and MEHL, n. sp. -
BRANSON & MEHL, p. 237, pi. 18, figs. 4,10.
v. 1962 Palmatolepis marginata marginata STAUFFER -
ZI1EGLER, pp. 61-62, pi. 2, figs. 17,18 (only;

figs. 13-16, 19 = Pa. delicatula platys).
1984 Palmatolepis delicatula delicatula BRANSON &
MEHL, 1934 - DUSAR & DREESEN, pi. 2, fig. 9.
1988 Palmatolepis delicatula BRANSON & MEHL - BUL-
TYNCK, pi. A2/2, fig. 2 (only; fig. 5 = juvenile spe-
cimen of Palmatolepis sp.).
BRANSON &
MEHL, 1934 - ZIEGLER & SANDBERG, p. 67, pi. 17,
figs. 1-3.

1990 Palmatolepis delicatula delicatula

Discussion: Present identification of Pa. delicatula deli-
catula is based mainly on the concept ofthe Pa element of
the taxon published since Ziegler (1962), including
small forms with a wide, more or less triangular outer
platform and no well differentiated outer lobe. The plat-
form is rather thick, its upper surface smooth or delicately
ornamented, and the posterior carina generally does not
reach the posterior tip.

The identity of the type material of Pa. delicatula is not
1990,
p. 66, remarks; Klapper et al., 1993, p. 437) and in the
latter publication,Pa. delicatula delicatula as used here is

sufficiently documented (Ziegler & Sandberg,

written in quotation marks.

Palmatolepis linguiformis MULLER, 1956
PL. 9,Fig. 11.
* 1956 Palmatolepis (Palmatolepis) linguiformis n. sp. -
M iller, pp. 24-25, pi. 7,figs 1-7.
1990 Palmatolepis linguiformis M iller, 1956 - Ziegler
& Sandberg, pp. 59-60, pi. 14, figs. 8-10.

DiscussioN: Two specimens from the Matagne Member
in the Neuville section most resemble some of the types
(M ULLER, 1956, pi. 7, figs. 2, 3, 6) with a more or less
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smooth platform surface. The species is recorded for the
first time in Belgium.

Palmatolepis praetriangularis Ziegler & Sandberg,
1988
PL 4, Figs. 1-9.
* 1988 Palmatolepis praetriangularis n. sp. Ziegler &
Sandberg - Sandberg et al.,, pp. 298-299, pi. 1,
figs. 1-4.
1990 Palmatolepis praetriangularis Ziegler & Sand-
berg, 1988 - Schindler, pi. 5, fig. 6.
1990 Palmatolepis praetriangularis Ziegler & Sand-
berg, 1988 — Ziegler & Sandberg, p. 64.

Discussion: Most specimens from Senzeilles assigned
here to Pa. praetriangularis demonstrate perfectly fea-
tures in the original diagnosis. Larger specimens in our
collection are characterised by a relatively narrow elon-
gated platform and a relatively long outer lobe. The inner-
posterior platform is horizontal to slightly concave, the
outer-posterior platform slightly convex, and the poster-
ior carina horizontal or slightly declined.

On the basis of the latter characteristics, the Pa element
of Pa. praetriangularis is separated from Pa. triangu-
laris, contrary to the opinion of Klapper et al, (1993,
p. 436).

Palmatolepis protorhomboidea SANDBERG & ZIEGLER,
1973
PL. 7, Figs. 8-10; PL. 8, Figs. 1,? 2-3.

v. 1962 Palmatolepis marginata clarki n. subsp. - Ziegler,

pp. 62-65, pi. 2,figs. 23, 26-27 (only).

1965 Palmatolepis delicatula clarki Ziegler - Bouc-

kaert & Ziegler, pi. 2, fig. 4.

Palmatolepis delicatula protorhomboidea n.subsp. -

Sandberg & Ziegler, p. 103, pi. 1, figs. 14-19.

1973  Palmatolepis delicatula clarki Ziegler, 1962 -
SANDBERG & ZIEGLER, pi. 1, fig. 13.

1984 Palmatolepis delicatula clarki ZIEGLER,
Dreesen, pi. 1, fig. 12 (only).

1984 Palmatolepis delicatula clarki Ziegler, 1962 - Du-
sar & Dreesen, pi. 2, fig. 8.

1988 Palmatolepis clarki Ziegler, 1962 - Bultynck,
pi. A2/2, figs. 3-4, 9-10.

1990 Palmatolepis protorhomboidea Sandberg & Zieg-
ler, 1973 - Ziegler & Sandberg, pp. 68-69, pi. 17,
figs. 8-11.

* 1973

1962 -

DiscussioN: Specimens identified here as Pa. protorhom-
boidea form a were formerly included in Pa. clarki. They
have a more or less rhomboidal platform outline, a mostly
narrow posterior tip, a poorly differentiated outer lobe,
raised platform margins ornamented with nodes or ridges,
and are common in the upper part of the Early Pa.
triangularis Zone at Senzeilles. In the lower part of the
Middle Pa. triangularis Zone they occur with specimens
designated here as Pa. protorhomboidea form b which
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have a smooth or shagreen surface and a parapet on the
inner anterior platform and are similar to the holotype and
most paratypes of the species. The Pb element (PI. 8,
Figs. 2-3) occurs with form a in sample 88-1-g and
probably belongs to the conodont apparatus of Pa. pro-
torhomboidea form a.

See also Pa. clarki.

Palmatolepis subrecta MILLER & YOUNGQUIST, 1947
PI. 9, Fig. 10.

* 1947 Palmatolepis subrecta MILLER & YOUNGQUIST, n.
sp. - MILLER & YOUNGQUIST, pp. 513-514,

pi. 75,figs. 7-11.

DiscussioN: Specimens identified here as Pa. subrecta
are from sample 6 (M ourAVIEFF, 1974, p. 8) of the Wérin
Member in the old railway section at Senzeilles and from
the Matagne Member in the Neuville railway section. The
range of variation of the Pa elements includes forms,
figured here, identical in platform outline with the lecto-
type reillustrated by Zi1EGLER & SANDBERG (1990, pi. 11,
fig. 3) and by KraprPErR & FosTeErR (1993, fig. 18.5).

Palmatolepis triangularis Sannemann, 1955
PI. 4, Figs. 10-11; PI. 5, Figs. 1-9; PL. 6, Figs. 1-7.

* 1955 Palmatolepis triangularis n. sp. - SANNEMANN,
pp. 327-328, pi. 24, fig. 3.
V. 1962 Palmatolepis triangularis SANNEMANN - ZIEGLER,

pp. 83-85, pi. 1, figs. 1-5, 7-16 (only; fig. 6=?);
pi. 2, figs. 1, 4-5 (only; fig. 2-3=7?).

1965 Palmatolepis triangularis SANNEMANN-
KAERT & ZIEGLER, pi. 1, figs. 1-4; 5-6?

1965 Palmatolepis triangularis transitional forms to P.
quadrantinodosalobata SANNEMANN - BOUCKAERT
& ZIEGLER, pi. 1, figs. 72, 8.

1966 Palmatolepis triangularis SANNEMANN, 1955 - GLE-
NISTER & KLAPPER, pp. 825-826, pi. 92, figs. 17-18.

1971  Palmatolepis 1955—
SzuLCczEWSKI, p. 43, pi. 12, figs. 1-2; pi. 13,
figs. 10-11; pi. 14, fig. 5.

1976 Palmatolepis triangularis SANNEMANN, 1955 -
DRUCE, pp. 174-175, pi. 61, figs. 1-3; pi. 62, fig. 2.

1984 Palmatolepis triangularis SANNEMANN, 1955 - Du-
SAR & DREESEN, pi. 2, fig. 7.

1988 Palmatolepis triangularis SANNEMANN, 1955 - BUL-
TYNCK, pi. A2/1, figs. 3-4, 14; pi. A2/2, figs. 1,11.

1988 Palmatolepis rhenana B1SCHOFF, 1956 - Pa.triangu-
laris SANNEMANN, 1955 - BULTYNCK, pi. A2/1,
fig. 2.

1988 Palmatolepis triangularis SANNEMANN, 1955 - P.
quadrantinodosalobata SANNEMANN 1955 - BuUL-
TYNCK, pi. A2/1, figs. 5-6, 17; pi. A2/2, fig. 12.

1990 Palmatolepis triangularis Sannemann, 1955 - Zieg-
ler & Sandberg, pp. 64-65, pi. 14, figs. 1-2, 4-5
(only; fig. 3 = Palmatolepis n. sp. a).

Bouc-

triangularis SANNEMANN,

1992 Palmatolepis triangularis SANNEMANN, 1955 - SA-
VAGE, p. 291, figs. 1-5; 6-17?

DEescripTioN: The platform, excluding lobe, is oval-
shaped, mostly elongated with narrow posterior tip. The
carina is slightly to moderately sigmoidal, the adcarinal
area behind the central node is inclined gently or abruptly
upwards, and the posterior tip is horizontal or flexed up or
down. The outer lobe is well demarcated, directed later-
ally or slightly anteriorly and situated mainly in the
anterior half of the platform. Variation in size of the outer
lobe ranges from relatively long (more than one half the
length between central node and tip of outer lobe) to short
(about one third the length central node - tip outer lobe).
Specimens with long to medium size lobe are designated
here as form a, and those with short lobe as form b. The
latter have a broad shallow sinus in front of the lobe, and
in form a the sinus can be very deep. In both forms the
blade declines gradually into the anterior carina with
more or less fused nodes, and the posterior carina is a
low, thin ridge. The platform surface of adult specimens
is covered with nodes and irregular ridges; that ofjuve-
nile specimens may be smooth.

DiscussioN: Pa. triangularis form a is the only represen-
tative of the species in the lower part of the Early Pa.
triangularis Zone at Senzeilles; forms a and b occur
together from the upper part of the zone onwards, form
b being less frequent. Both forms were recognised in
reference samples from Coumiac and Steinbruch Schmidt
and are figured here; their distribution is discussed on
p- 11. Most specimens figured in previous literature
belong to form a; typical forms b were illustrated by
GLENISTER & KLAPPER (1966, pi. 92, fig. 17), SZULCZEWS-
ki (1971, pi. 13, fig.
(1990, pi. 14, fig. 5).

Specimens with rounded, broad short platform in-
cluded in Pa. triangularis by ZIEGLER & SANDBERG
(1990, pi. 14, fig. 3) are described here as Palmatolepis

11) and by ZI1EGLER & SANDBERG

n. sp. a.
The Pb element (PI. 8, fig. 4) is associated with Pa
elements of Pa. triangularis.

Palmatolepis n.sp. a
PI. 6, Figs. 8-10; PI. 7, Figs. 1-5.

1990 Palmatolepis triangularis SANNEMANN, 1955 - ZIEGLER
& SANDBERG, pi. 14, fig. 3 (only; figs. 1-2, 4-5 = Pa.
triangularis).

DESCRIPTION: In representative specimens of Palmato-
lepis n.sp. a the platform is rounded, broad and relatively
short; the inner platform margin is nearly semicircular
and the outer posterior-platform margin convex. The
posterior end of the platform is mostly rounded, but an
incipient or short posterior tip may be present. The ante-
rior inner-platform surface is slightly convex, separated
from the carina by a narrow, shallow adcarinal trough.
The rounded outer lobe is short to moderately long,
directed laterally or slightly forwards. The blade-carina
is moderately sigmoidal and the posterior carina weak,



not reaching the posterior end. The posterior platform is
flat or inclined slightly upwards.

DiscussioN: Using convential morphologic criteria for
separating late Frasnian Palmatolepis taxa (e.g. Pa. sub-
recta-Pa. rotunda), the platform outline of Palmatolepis
n.sp. a is too different to be included in the “normal”
range of variation of Pa. triangularis. The general plat-
form outline resembles that of Pa. rotunda and some Pa
elements of Pa. bogoriensis (STAUFFER, 1938) in KLAPPER
& FosTER (1993, e.g. figs. 13.9,13). In the two latter taxa
the posterior platform slopes downwards. At Senzeilles,
Palmatolepis n.sp. aranges from the lowest sample of the
Early Pa. triangularis zone into the Upper Pa. triangu-
laris Zone (sample 8 in BurtyNnck, 1988, p. 22, fig. A2/
3).

Genus Polygnathus HINDE, 1879

Polygnathus aequalis KLAPPER & LANE, 1985
PI. 8, Figs. 7-10.

* 1985 Polygnathus aequalis n.sp. - KLAPPER & LANE,

pp.'930-932, figs. 16.7-16.14.

DiscussioN: Specimens identified here as Po. aequalis
differ slightly from most of the types in having shallower
adcarinal troughs. The dextrally convex specimen (PI. 8§,
fig. 8) is characteristically wider than the sinistrally con-
vex specimen (PL. 8, fig. 7).

Polygnathus aff. Po. sinuosus SzurLczewski, 1971
PIL 8, fig. 11.

v. aff. 1971 Polygnathus sinuosus sp.n. - SZULCZEW SKI,

p- 52, figs. 2-4.

DiscussioN: A single specimen form Senzeilles resem-
bles Po. sinuosus in having a high free blade, a narrow
elongated platform, and a high, denticulate carina that is
curved and extends beyond the platform. The specimen
differs in having a longer platform with no nodes on the
margins, and the blade carina is less sigmoidal. The
platform of Po. sinuosus wadleighensis Savace, 1987
is wider, shorter and characteristically ornamented.

Conclusions

GosseLET’s (1877-1880) original Frasnian/Famennian
boundary and the revised (so-called “historical”) bound-
ary of SARTENAER (1960), 0.75 m below the former and
based on the renewal of the brachiopod fauna above the
Matagne Shales, have been re-assessed in two new nearby
cuttings. Conodonts from the original boundary level
belong to the Early Pa. triangularis Zone and are best
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compared with those in the lowest 3 cm of the basal
Famennian in the GSSP at Coumiac (KraprpPeEr, 1990b;
KLAPPER et al., 1993). The four lowest Famennian con-
odont samples at Senzeilles are characterised by rela-
tively high icriodid (63-38%) and palmatolepid (58-
30%) percentages. The palmatolepid percentages are
much higher than in other Frasnian/Famennian boundary
sections in Belgium, such as Hony (4,5-2,5%) and Sinsin
(7-1%) (SANDBERG etal., 1988, pp. 282-283), and suggest
more distal shelf conditions at Senzeilles. The “histor-
ical” boundary is interpreted here as the end of the late
Frasnian extinction event, represented at Senzeilles by the
Matagne Member and the lowest 3 m of the Senzeilles
Formation. In a nearby section at Neuville Palmatolepis
linguiformis was recorded from a sample within the
Matagne Member. The latter, much reduced at Senzeilles
and Neuville in the Philippeville Massif, probably repre-
sents only the upper part of the member in the Frasnes
area, where the exposed portion, about 42 m thick, be-
longs to the southern border of the Dinant Synclinorium.
In a section at Frasnes (SARTENAER, 1974, p. 4) the base of
the Matagne Member is characterised by the appearance
of Ancyrognathus asymmetricus ULRICH & BASSLER,
1926, indicating probably the late Palmatolepis rhenana
Zone (M OURAVIEFF, 1974, p. 6).

The Matagne Shales may represent not only the Upper
Kellwasser event as proposed by SANDBERG et al., (1992,
p. 46, fig. 21) but also the Lower Kellwasser event.

Of the acritarchs, the species which enters closest to,
and slightly below, the Frasnian/Famennian boundary is
Visbysphaera? occultata, whose appearance marks the
base of palynoflora II. At Senzeilles its first occurrence
below the first bed of the Early Pa. triangularis Zone is
imprecise in terms of conodont zones. In the west cutting
at Senzeilles it is located within member 1 of the Sen-
zeilles Formation, slightly more than 2 m below the
“historical” stage boundary as indicated by the appear-
ance of a new macrofauna (Casier, 1992). In the east
cutting it is recognised from the base upwards of the
exposed portion of member 1, 2.50 m below the first
bed of'the Early Pa. triangularis Zone, and 1.80 m below
the “historical” boundary.

Poorly preserved angochitinid chitinozoans from the
Senzeilles cuttings do not permit late Frasnian and early
Famennian strata to be differentiated chronostratigraphi-
cally with confidence.

Glass spherules, similar to microtektites, described by
CLAEYS et al, (1992) from the Senzeilles Formation at
Senzeilles are from a level just below our sample 79-10-3
(Fig. 3), assigned here to the uppermost part of the Early
Pa. triangularis Zone and do not represent a meteorite
impact that could have caused the late Frasnian extinc-
tions.

The conodont succession now established in the east
cutting at Senzeilles permits a revision of VANGUESTAINE
et al. ’s (1983, p. 132) proposed correlation between
SARTENAER’s early Famennian rhynchonellid zones and
ZIEGLER & SANDBERG’S palmatolepid conodont zonation.
The Pompeocilorhynchus lecomptei zone is entirely with-
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in the Early Pa. triangularis Zone, the FEoparapho-
rhynchus praetriaequalis Zone corresponds to the upper
part of the Early Pa. triangularis Zone and the lowest part
of the Middle Pa. triangularis Zone.
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Explanation of Plates

PLATE 1

Figs. 1,4, 5,8, 11, 13, 14 — Villosacapsula globosa V ANGUESTAINE et al., 1983.

Figs. 2, 3,6, 7, 9

Figs. 10, 12, 15

Fig. 1: LR.Sc.N.B. N° b 2244, FM-89-1-10, x 1000. Figs. 4, 5: I.LR.Sc.N.B. N° b 2245, FM-89-1-10.
Fig. 4: detail of upper part of Fig. 5, x 3000. Fig. 5: excystment slit partly open, x 1000. Fig. 8:
I.LR.Sc.N.B. N°b 2246, excystment slit partly open, FM-89-1-10, x 1000. Figs. 11, 13: .LR.Sc.N.B. N°
b 2247, FM-88-7-6. Fig. 11:x 1000. Fig. 13: detail of lower right part of Fig. 11, with anastomosed
ornamentation locally preserved, x 5000. Fig. 14: I.LR.Sc.N.B. N° b 2248, excystment slit starting to
open, FM-89-1-10, x 1000.

— Visbysphaera? occultata M ARTIN, 1985.
FM-89-1-10. Fig. 2,6: I.R.Sc.N.B. N° b 2249. Fig. 2: detail of upper left part of Fig. 6, x 3000. Fig. 6:
x 1000. Figs. 3, 7: I.R.Sc.N.B. N° b 2250. Fig. 3: detail of lower right part of Fig. 7, x 3000. Fig. 7: x
1000. Fig. 9: I.R.Sc.N.B. N° b 2251, x 1000.

— Villosacapsula ceratioides (STOCKMANS & W ILLIERE) LOEBLICH & TAPPAN, 1976.
FM-89-1-2. Fig. 10: I.LR.Sc.N.B. N° b 2242, x 1500. Fig. 12, 15: I.R.Sc.N.B. N° b 2243. Fig. 12: x
1000. Fig. 15: detail of upper right part of Fig. 12, x 4000.

PLATE 2

Ephelopalla media (STOCKMANS & W ILLIERE) M ARTIN, 1985

Figs. 1-10 —

Figs. 1-3

FM-88-7-6. All specimens show a variably preserved honeycomb pattern of ornamentation on the central body; the
irregularly distributed perforations are a secondary feature related to preservation. All except that in Fig. 3 show an
excystment slit.

Fig. 1,4: I.LR.Sc.N.B. N° b 2252. Fig. 1: x 1000. Fig. 4: detail of lower part of Fig. 1, x 4000. Figs. 2, 5: I.LR.Sc.N.B.
N°b 2253, honeycomb pattem of ornamentation present on proximal partofprocesses. Fig. 2: x 1000. Fig. 5: detail
of upper left part of Fig. 2, x 3000. Fig. 3: .LR.Sc.N.B. N°b 2254, x 1000. Figs. 6, 8: I.LR.Sc.N.B. N° b 2255. Fig. 6:
detail of left part of Fig. 8, x 3000. Fig. 8: x 1000. Figs. 7,9: I.R.Sc.N.B. N° b 2256. Fig. 7: detail of lower right part
of Fig. 9, x 4000. Fig. 9: x 1000. Fig. 10: I.R.Sc.N.B. N° b 2257, x 1000.

PLATE 3

Sphaerochitina cf. S. sphaerocephala (EISENACK, 1932) sensu M ARTIN, 1985.
x 300, Fig. 1: I.LR.Sc.N.B. N° b 2269, FM-89-1-1. Fig. 2: I.R.Sc.N.B. N° b 2270, FM-89-1-3. Fig. 3:
I.R.Sc.N.B. N° 2271, FM-89-1-1.

Figs. 4, 9, 12, 14-16 — Angochitina sp. 2.

Fig. 6, 7, 10, 11

Fig. 5, 13, 17

Fig. 8

FM-89-1-2, Fig. 4, 9: I.LR.Sc.N.B. N°b 2262. Fig. 4: x 300. Fig. 9: detail of central part of Fig. 4, x 1000.
Fig. 12: I.LR.Sc.N.B. N° b 2263, x 300. Figs. 14, 15: I.LR.Sc.N.B. N° b 2264. Fig. 14: detail of upper right part
of Fig. 15, x 2000. Fig. 15: x 300. Fig. 16: I.R.Sc.N.B. N° b 2265, x 300.

Angochitina sp. 1.

Fig. 6: I.LR.Sc.N.B. N°b 2259, FM-89-1-3, x 500. Fig. 7: .R.Sc.N.B. N°b 2260, FM-89-1-3, x 300. Figs. 10,
11: I.LR.Sc.N.B. N° b 2261, FM-89-1-2. Fig. 10: detail of central part of Fig. 11, x 2000. Fig. 11: x 300.
Gotlandochitina sp..

FM-88-7-13,x 400, Fig. 5: I.LR.Sc¢.N.B. N° b 2266. Fig. 13: I.LR.Sc.N.B. N°b 2267. Fig. 17: I.LR.Sc.N.B. N° b
2268.

Angochitinidae gen. et sp. indet.. I.LR.Sc.N.B. N° b 2258, FM-88-7-6, x 400.

PLATE 4

All magnifications are x 80. S: conodont sample number Senzeilles, east cutting; MN: sample number Upper Coumiac Quarry

(KLAPPER, 1990Db).

Figs. 1-9 — Palmatolepis praetriangularis ZIEGLER & SANDBERG, 1988.
Figs. 1-3: upper views of I.LR.Sc.N.B. N°b 2804, b 2805, b 2806, S 89-4. Fig. 4: outer lateral view of [.LR.Sc.N.B. N°b
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2807,S 89-4. Figs. 5,6: upper views of .LR.Sc.N.B. N°b 2808, b2809, S 89-4. Figs.7-9: upper views and lateral view
of I.LR.Sc.N.B. N°b 2810, b 2811, b 2812, MN 32a-l.

Figs. 10-11 — Palmatolepis triangularis SANNEMANN, 1955 form a.
Lateral and upper views of I.LR.Sc.N.B. N"b 2813, b 2814, S 89-4.

PLATE 5

All magnifications are x 80. S: conodont sample number Senzeilles, east cutting. Upper views.

Figs. 1-7 — Palmatolepis triangularis SANNEMANN, 1955 form a.
Figs. 1-5: I.LR.Sc.N.B. N°b 2815, b 2816, b 2817, b 2818, b 2819, S 89-4. Figs. 6-7: I.R.Sc.N.B. N°b 2820, b 2821, S
88-1-c.

Figs. 8,9 — Palmatolepis triangularis SANNEMANN, 1955 form b.

I.R.Sc.N.B. N°b 2822, b 2823, S 88-1-g.

PLATE 6

All magnifications are x 80. S: conodont sample number Senzeilles, east cutting; MN: sample number Upper Coumiac Quarry
(KLAPPER, 1990b); STS: bed number Steinbruch Schmidt (SANDBERG et al., 1988). Upper views.

Figs. 1, 6, 7 — Palmatolepis triangularis SANNEMANN, 1955 form a.
I.R.Sc.N.B. N°b 2824, MN 32a-1; N°b 2829, MN 32a-2-3; N°b 2830, STS A.
Fig. 2 — Palmatolepis triangularis SANNEMANN, 1955,
ILR.Sc.N.B. N°b 2825, MN 32a-1, specimen intermediate between the a and b forms.
Figs. 3-5 — Palmatolepis triangularis SANNEMANN, 1955 form b.
I.R.Sc.N.B. N°b 2826, MN 32a-2-3; N°b 2827, STS A; N°b 2828, STS C.
Figs. 8-10 — Palmatolepis n.sp.a.

I.R.Sc.N.B. N°b 2831, MN 32a-1; N°b 2832, STS A; N°b 2833, MN 32a-l.

PLATE 7

All magnifications are x 80. S: conodont sample number Senzeilles, east cutting or “Coupe-témoin” . Upper views.

Figs. 1-5 — Palmatolepis n.sp. a.
LLR.Sc.N.B. N°b 2834, S 88-2-b; N"b 2835, S 88-1-a; N°b 2836, S 88-2-b; N"b 2837, N°b 2838, S 88-1-g.
Figs. 6, 7 — Palmatolepis delicatula delicatula Branson & Mehl, 1934.
I.R.Sc.N.B. N"b 2839, S 88-2-b; N°b 2840, S 78-18, S 78-23.
Fig. 8 — Palmatolepis protorhomboidea Sandberg & Ziegler, 1973 form b.
I.R.Sc.N.B. N°b 2841.
Figs. 9, 10 — Palmatolepis protorhomboidea Sandberg & Ziegler, 1973 from a.
I.R.Sc.N.B. N°b 2842, NHb 2843, S 88-1-g.
Fig. 11 — Palmatolepis clarki Ziegler, 1962.

L.R.Sc.N.B. N°b 2844, S 78-18.
Fig. 12 — Ancyrognathus? cryptus Ziegler, 1962.
L.R.Sc.N.B. N°b 2845, S 78-18.

PLATE 8

All magnifications are x 80. S: conodont sample number Senzeilles, east cutting. Upper views, except figs. 2, 3,4,9, 12, lateral views.

Figs. 9, 10 — Palmatolepis protorhomboidea SANDBERG & ZIEGLER, 1973 form a.
L.R.Sc.N.B. N°b 2846, S 88-2-b; N°b 2847, N°b 2848, Pb elements, S 88-1-g.
Fig. 4 — ?Palmatolepis triangularis SANNEMANN, 1955 Pb element.

LLR.Sc¢.N.B. N°b 2849, S 88-1-g.
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Figs. 5, 6 Polygnathus brevilaminus BRANSON & MEHL, 1934,
I.R.Sc.N.B. N°b 2850, S 89-4; N°b 2851, S 88-1-g.
Figs. 7-10 Polygnathus aequalis KLAPPER & LANE, 1985.
I.R.Sc.N.B. N°b 2852, N°b 2853, S 89-4; N°b 2854, N°b 2855, S 88-1-g
Fig. 11 Polygnathus aff. Po. sinuosus SZULCZEWSKI, 1971.
I.R.Sc.N.B. N°b 2856, S 89-4.
Fig. 12 Mehlina sp.a.
I.R.Sc.N.B. N°b 2857, S 89-4.
Fig. 13 Polygnathus aff. Po. planirostratus DREESEN & DUSAR, 1974.

I.R.Sc.N.B. Nb2858, S 88-2-b.

PLATE 9

All magnifications are x 80. S: conodont sample number Senzeilles, east cutting; NV: Neuville, southern railway section. Upper

views, except figs. la, 3-5, lateral views.

Figs. la-b, 2-5,9 — knodus iowaensis Uwaensis YOUNGQUIST & PETERSON, 1947.
I.R.Sc¢.N.B. N°b 2859, S 89-4; N"b 2861, N°b 2862, N”b 2863, coniform elements, S 89-4; N°b 2864, S 89-4.

Fig. 6 — knodus alternatus alternatus BRANSON & MEHL, 1934,
I.R.Sc.N.B. N°b 2865, S 89-4.

Fig. 7,8 — Icriodus alternatus helmsi SANDBERG & DREESEN, 1984.
I.R.Sc.N.B. N°b 2866, N°b 2867, S 89-4.

Fig. 10 — Palmatolepis subrecta MILLER & YOUNGQUIST, 1947.
I.R.Sc.N.B. Nub 2868, NV 45.

Fig. 11 — Palmatolepis linguiformis M ULLER, 1956.
I.R.Sc.N.B. N°b 2869, NV 45.

Fig. 12 — Ancyrognathus ubiquitus SANDBERG, ZIEGLER & DREESEN, 1988.

I.R.Sc.N.B. N°b 2870, NV 45.
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Plate 8.

33



34

Pierre BULTYNCK & Francine MARTIN

Plate 9.



