
COLLOQUE 
SUR LA STRATIGRAPHIE 

DU CARBONIFERE 





LES CONGRES ET COLLOQUES DE L'UNIVERSITE DE LIEGE 
VOLUME 55 

COLLOQUE SUR LA STRATIGRAPHIE 
DU CARBONIFERE 

Compte-rendus de Ia ge Reunion de la 
Commission Internationale de Microflore du Paleozoi:que (C.I.M.P.) 

et de l'assemblee generale de 
1'1.U.G.S. Subcommission on Carboniferous Stratigraphy (S.C.C.S.) 

tenues a LIEGE, du 13 au 20 avril 1969. 

Ouvrage publie par les soins de 
M. STREEL (Liege) et R.H. WAGNER (Sheffield) 

Universite de Liege 
1970 



Publication realisee grace a l'appui financier 
de l'Universite de Liege, du Ministere de !'Educa
tion Nationale et de la Culture, Administration 
de la Recherche Scientifique, et de I'« International 
Union of Geological Sciences» (I.U.G.S.), sous le 
patronage de la Societe Geologique de Belgique. 

DI 1970/0480/9 



TABLE DES MATIERES 

A vant-propos 

Liste des participants 

re Partie 

Compte-rendus sommaires des excursions 

Excursion du 13 avril 1969 : 
J. BoucKAERT, M. STREEL & J. THOREZ: Le Famennien superieur 

et Jes couches de transition devono-carbonifere, dans la vallee 

Pages 

8 

13 

21 

de l'Ourthe . 25 

Excursion des 19-20 avril 1969 : 
R. CoNIL & H. PIRLET : Le Sommet du Famennien et le Calcaire 

carbonifere du Synclinorium de Dinant 47 

Excursion des 21-22 avril 1969 : 
G. K. KNEUPER : General Outline of the Limnic Coal Basin of 

Saarland 65 

2• Partie 

R. NEVES : Report on the Proceedings of the 8th Reunion of the 
« Commission Internationale de Microflore du Paleozoi:que 
(C.I.M.P.) » - 13-16 April, 1969 . 75 

B. ALPERN : Notes sur les concepts d'especes et de biozone . 81 

B. ALPERN : Les divisions palynologiques du Westphalien supe-
rieur et la limite Westphalien/Stephanien (Rapport et Syn-
these du Projet A) 91 

B. OWENS : A review of the Palynological Methods employed in 
the correlation of Palaeozoic sediments . 99 

B. OWENS & M. STREEL : Palynology of the Devonian-Carbonifer-
ous boundary (Report on Project B) 113 

M. STREEL : Distribution stratigraphique et geographique d' 
Hymenozonotriletes lepidophytus Kedo, d'Hymenozonotriletes 
pusillites Kedo et des assemblages tournaisiens (Synthese 
du projet B) 121 

3e Partie 

T. N. GEORGE & R.H. WAGNER: Report and Proceedings of the 
Meeting of the I. U.G.S. Subcommission on Carboniferous 
Stratigraphy (S.C.C.S.) - 16-18 April 1969 151 

5 



R. AUSTIN, R. CONIL, G. DOLBY, M. LYS, E. PAPROTH, F.H.T. 
RHODES, M. STREEL, J. UTTING & D. WEYER : Les couches de 
passage du Devonien au Carbonifere de Hook Head 

Pages 

(Irlande) au Bohlen (D.D.R.) 167 

R. L. AUSTIN, R. CoNIL & S. HusRI: Correlation and Age of the 
Dinantian Rocks North and South of the Shannon, Ireland 179 

R. L. AUSTIN & F.H. T. RHODES (in collaboration withJ. BoUCKAERT' 
R. CONIL, M. LYS & H. PIRLET) : New Dinantian Conodont 
Faunas of France and Belgium. A Preliminary Note . 193 

J. BOUCKAERT & A. c. HiqGINS: The Position of the Mississippian/ 
Pennsylvanian Bounqary in the Namurian of Belgium 197 

A. BOUROZ, H. GRAS & R. H. w AGNER : A propos de la limite 
Westphalien/Stephanien et du Stephanien inferieur 205 

A. COMBAZ & M. STREEL : Microfossiles vegetaux du Tournaisien 
inferieur dans le core-drill de Brevillers (Pas-de-Calais) . 227 

R. CONIL & M. LYS : Donnees nouvelles sur les Foraminiferes des 
couches de passage du Famennien au Tournaisien dans 
l'Avesnois 241 

G. DOLBY : Spore Assemblages from the Devonian/Carboniferous 
Transition Measures in South West Britain and Southern Eire 267 

J. DoumNGER : Reflexions sur la flore du Mont-Pele (bassin 
d'Autun) 275 

H. KAISER : Die « Hymenozonotriletes !epidophytus Zone» auf der 
Bareninsel 285 

M. KALIBOV A : The significance of me gasp ores for the stratigraphic 
zoning of the Plzen Basin . 289 

J.P. LAVEINE: Note preliminaire sur Jes spores in situ de quelques 
Pecopteridees houilleres. Implications paleobotaniques et stra-
tigraphiques . 299 

P. LLEWELLYN, I. HOSKIN & J. BACKHOUSE: Preliminary report on 
Lower-Middle Tournaisian miospores from the Hathern 
Anhydrite Series, Hathern borehole, Leicestershire, England 309 

D. C. McGREGOR : Hymenozonotriletes lepidophytus Kedo and 
associated spores from the Devonian of Canada 315 

B. L. MAMET & B. A. SKIPP : Preliminary foraminiferal correlations 
of early Carboniferous strata in the North American Cor-
dillera 327 

B. OWENS : Recognition of the Devonian/Carboniferous boundary 
by palynological methods . 349 

6 



E. PAPROTH & M. STREEL : Correlations biostratigraphiques pres 
de la limite Devonien/Carbonifere entre les facies littoraux 

Pages 

ardennais et les facies bathyaux rhenans 365 

A. RAmTZ : Uebersicht der Entwicklung der marinen Horizonte 
im flozfiihrenden Ruhrkarbon und Ausblick auf die Verhalt-
nisse im Aachener Revier . 399 

J. UITING & R. NEVES : Miospores from the Devonian/Carbon-
iferous transition beds of the Avon Gorge, Bristol, England 411 

W. von ALMEN : Miospores from Devonian/Mississippian boun-
dary, Carter County, Oklahoma, USA . 423 

R. H. WAGNER : An Outline of the Carboniferous Stratigraphy of 
Northwest Spain . 429 

R. H. WAGNER, .D. G. JONES, E. SPINNER & C. H. T. WAGNER
GENTIS : The upper Cantabrian rocks near Inguanzo, eastern 
Asturias, Spain 465 

R. H. WAGNER & C. F. WINKLER PRINS : The stratigraphic succes-
sion, flora and fauna of Cantabrian and Stephanian A rocks 
at Barruelo (Palencia), N.W. Spain . 487 

7 



AVANT-PROPOS 

La 8e reunion de la Commission Internationale de Microflore du 
Paleozo'ique (C.l.M.P.) et l'assemblee generale de l'l.U.G.S. Subcommis
sion on Carboniferous Stratigraphy (S.C.C.S.) ont ete organisees a 
Liege, du 13 au 20 avril 1969 par le laboratoire de Paleontologie vegetale 
(Prof. S. Leclercq) et l'Institut National des Industries Extractives (Dir. 
P. Ledent). 

76 personnes ont repondu a l'appel des secretariats de la C.l.M.P. 
et de la S.C.C.S. et a !'invitation du comite organisateur local : R. 
Noel et Y. Somers, pour l'l.N.I.E.X., M. Streel et M. Vanguestaine 
pour l'Universite. 

Deux excursions encadraient la semaine de reunions : l'une dans 
la vallee de l'Ourthe, conduite par MM. J. Bouckaert, M. Streel et J. 
Thorez, le dimanche 13 avril, l'autre dans la region de Dinant, conduite 
par MM. R. Conil, H. Pirlet et M. Streel, les samedi 19 et dimanche 
20 avril. A !'initiative du Secretaire General de la S.C.C.S., R. H.Wagner, 
une troisieme excursion s'est deroulee en Sarre, les lundi 21 et mardi 
22 avril sous la conduite de MM. G. Kneuper et H. Weingardt (Saar
briicken). Les comptes-rendus sommaires de ces excursions sont publies 
ci-dessous tandis que les livrets-guides, mis a jour' font l'objet des 3 
permiers articles du present volume. 

Les seances de travail de la C.l.M.P. se sont deroulees le lundi 
14 avril a l'Universite, les mardi 15 et mercredi 16 avril a l'l.N.l.E.X. 
La Sous-Commission « Acritarches » de la C.l.M.P. a poursuivi ses 
travaux les jeudi 17 et vendredi 18 avril. Les reunions de l'l.U.G.S. 
Subcommission on Carboniferous Stratigraphy ont eu lieu a l'Universite 
le mercredi 16 au matin et ensuite a l'l.N.I.E.X. jusqu'au vendredi 
18 inclus. 

Les participants ont ete re<;us, le mardi 15 au soir par l'l.N.l.E.X. 
dans ses locaux du Val-Benoit. Le mercredi 16 au soir, apres une breve 
visite du nouveau campus universitaire du Sart-Tilman sous la conduite 
de M. l'Architecte Gabriel, une reception a ete organisee par l'Universite 

8 



au Chateau de Colonster. A cette occasion, M. le Professeur Winand, 
Doyen de la Faculte des Sciences, a remis la Medaille de l'Universite 
au Professeur R. Potonie, President fondateur de la C.I.M.P. Jeudi 17, 
a midi, le Bourgmestre de la ville de Liege, M. M. Destenay, Ministre 
d'Etat, a re9u les participants a !'Hotel de ville. L'excellence ambiance 
de ces diverses reunions temoignait de leur reussite. 

Le Comite organisateur souhaite exprimer ici sa gratitude a M. le 
Recteur M. Dubuisson, President de la Commission Administrative du 
Patrimoine de l'Universite pour le soutient moral et financier qu'il lui 
a apporte. Notre reconnaissance va egalement a la Direction et au 
Personnel de l'I.N.I.E.X. ainsi qu'aux collegues et au personnel de 
l'Universite qui ont collabore a !'organisation des reunions. 

* * * 

Depuis 1965, la Sous-Commission de Stratigraphie de la C.I.M.P. 
et l'I.U.G.S. Subcommission on Carboniferous Stratigraphy ont pris 
la decision de tenir au meme endroit, a la suite l'une de l'autre, leurs 
assemblees generales. L'interet commun des deux sous-commissions pour 
un meme theme de debats etait particulierement evident en avril 1969 a 
Liege : le 3e seminaire C.I.M.P. de Stratigraphie avait inscrit a son 
programme, outre des rapports sur les principes de correlations strati
graphiques, les deux projets suivants : les subdivisions du Westphalien 
et la limite Devonien/Carbonifere. 

II est apparu des lors que ces rapports dont la diffusion n'etait 
pas prevue par l'Atlas C.I.M.P., constituaient avec !'ensemble des 
travaux de la S.C.C.S. une publication homogene que nous presentons 
ici sous l'intitule : « Colloque sur la Stratigraphie du Carbonifere » 
et qui rassemble 31 communications. 

Cette publication a ete realisee avec l'appui financier de l'Universite 
de Liege et l'aide du Ministere de !'Education Nationale et de la Culture 
et de !'International Union of Geological Sciences. La Societe Geologique 
de Belgique a collabore a sa diffusion. 

Qu'il nous soit permis d'adresser ici nos remerciements a chacune 
de ces institutions. 

M. Streel. 
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COMPTE-RENDUS SOMMAIRES DES EXCURSIONS 

EXCURSION FAITE LE 13 AVRIL 1969 

Les membres de la Commission Internationale de la Microflore du 
Paleozo'ique et de l'I.U.G.S. Subcommission on Carboniferous Strati
graphy ont visite le matin, les coupes d'Esneux, Souverain-Pre, Montfort 
et Evieux. Apres un repas pris a Esneux, le groupe a examine l'apres-midi, 
les coupes de Comblain-au-Pont (Beverire), Chanxhe et Rivage-gare. 

La veille au soir, a l'Hotel Moderne a Liege, J. THOREZ avait 
introduit !'excursion par un expose detaille sur les recherches sedimen
tologiques qu'il a menees dans le Famennien superieur de la vallee de 
l'Ourthe. 

Trente personnes ont participe a cette excursion : MM. BLESS, 
M. J.M.; BODE, H.; Mlles BECKERS, E.; BONAMO, P.; MM. BoucKAERT, 
J.; CHOIGNARD, J.; CLAYTON, G.; DOLBY, G.; DOWNIE, C.; Mme 
DEMARET, M.; MM. EK, C.; JARDINE, S.; JULIVERT, M.; Mlle KLINE, 
J.K.; MM. LANZONI,J.P.;McGREGOR,D.C.; MEISCHNER,D.;NoEL, R.; 
Mlle PAPROTH, E.; M. et Mme POTONIE, R.; MM. PISSART, A.; RAUSCHER, 
R.; RIEGEL, W.; Mlle SOMERS, Y.; MM. STREEL, M.; THOREZ, J.; 
TRUYOLS, J.; UTTING, J.; VANGUESTAINE, M. 

M. STREEL. 

EXCURSION FAITE LES 19 ET 20 AVRIL 1969 

Les membres de l'I.U.G.S. Subcommission on Carboniferous Strati
graphy ont visite d'abord les sites classiques des couches de passage du 
Devonien au Carbonifere le matin, dans la vallee de l'Ourthe (a Chanxhe 
et a Rivage-gare), et l'apres-midi, dans la vallee de la Meuse (a Anse
remme et a Hastiere). Pendant le trajet en autocar, separant les deux 

21 



vallees, le Professeur W.P. van LECKWIJCK a bien voulu decrire les pays ages 
traverses en les repla9ant dans le cadre general de la Geologie de I' Ar
denne. Dans l'apres-midi (apres un repas pris a Dinant) le groupe a visite 
egalement le Waulsortien dans son lieu classique de Waulsort et le 
Marbre noir de Dinant a proximite du rocher Bayard OU l'on a pu voir 
le passage du Tournaisien au Viseen inferieur dans sa localite-type. 

Le soir, a !'hotel a Dinant, MM. CONIL et PIRLET ont expose les 
grandes lignes de la sedimentologie et de la biostratigraphie du Calcaire 
carbonifere, particulierement vues sous !'angle micropaleontologique 
(F oraminiferes ). 

Le lendemain matin, le groupe a visite la coupe de Salet (Tn3-V2b) 
et de Moulin de Floye (V2a-V2b). L'apres-midi, il a vu le Viseen moyen 
et superieur d'Anhee (V2b a V3b sup.) puis les couches de passage du 
Viseen au Namurien dans la celebre Carriere de Jaiffe, a Warnant. 

Trente personnes ont participe a cette excursion : MM. AusnN, R. L. ; 
BLESS, M. J.M.; BODE, H.; BOERSMA, M.; CHOIGNARD, J.; CONIL, R.; 
DANZE, J.; EICKHOFF, G.; FIEBIG, H. E. R.; M. et Mme GANDL, J.; 
M. et Mme GEORGE, T. N.; MM. JoNES, D. G.; JULIVERT, M.; KNIGHT, 
J. A.; LACEY, W. S.; MEISCHNER, D.; Mme MUIR, M. D.; Mlle PAPROTH, 
E.; MM. PIRLET, H.; RABITZ, A.; RAMSBOTTOM, w. H. c.; STREEL, M.; 
TRUYOLS, J.; van AMEROM, H. w. J.; VANGUESTAINE, M.; van LECKWIJCK, 
w. P.; WAGNER, R.H.; WINKLER PRINS, c. F. 

H. PIRLET. 

EXCURSION HELD ON 21-22 APRIL 1969 

Members of the I.U.G.S. Subcommission on Carboniferous Strati
graphy were met at the station of Merzig, where the road to Ensdorf 
was taken for a visit to the Ensdorf Colliery tip. Plant impressions of 
Stephanian A age were found in profusion on this tip. The next locality 
was a new roadside exposure along the Bous/Volklingen road, where 
Stephanian A rocks with Holz Conglomerate at the base are found 
overlying plant-bearing strata of the Heiligenwalder Schichten (West
phalian D). In the valley of K61lerbach (K61lner Miihle) a section was 
seen of Stephanian A strata with the Grangeleisen Seam and Leaia 
Band 5. 
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During the evening the geological collections of the Bergingenieur
schule at Vonderheydt were visited, and the party was entertained here 
at supper by the Saarbergwerke A.G. The next morning's excursion 
commenced at Gottelborner Rohe where a new road cut had made a 
temporary exposure in the upper Heiligenwalder Schichten and the 
overlying Holz Conglomerate. Plant fossils were collected here from the 
Heiligenwalder Schichten. Then, at Bildstock, an exposure of Bunt
sandstein overlying Westphalian was examined before visiting the ca. 
150 m thick succession of Westphalian C strata (Sulzbacher Schichten) 
exposed in the Koppl brick pit near the Konig Colliery. This succession 
contains several coals and numerous lithologies, including tonstein 3. 
Another brick pit, at Wellesweiler, provided the opportunity to see the 
Geisheck Schichten of the lowermost Westphalian D. Time proved too 
short to continue the excursion into Stephanian A, B and C strata at 
Ostertal and near Ottweiler, since most of the participants in the excur
sion had to be back for the afternoon in Saarbriicken. 

Participants : 

Messrs. van AMEROM, H. W. J.; BLESS, M. J. M.; BOERSMA, M.; 
DANZE, J.; Mrs. DEMARET, M.; Messrs. JONES, D. G.; JosTEN, K. H.; 
Mrs. KALIBOVA-KAISEROVA, M.; Miss KLINE, J. K.; Mr. and Mrs. 
KNEUPER, G.; Mr. KNIGHT, J. A.; Mrs. MUIR, M. D.; Miss PAPROTH, 
E.; Messrs. VETTER, P.; WAGNER, R.H.; WEINGARDT, H. W. 

G. KNEUPER. 
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Excursion du dimanche 13 avril 1969 

Le Famennien 
et les couches de transition Devonien-Carbonifere 

dans la vallee de l'Ourthe 
(sud de Liege, Synclinorium de Dinant) 

J. BOUCKAERT 1 , M. STREEL 2 & THOREZ 3 

Avec 10 figures dans le texte. 

RESUME. 

De nombreuses carrieres de la vallee de l'Ourthe dans la partie N-E du 
synclinorium de Dinant montrent diverses formations lithologiques qui s'etagent 
du Famennien au Viseen (fig. 1). L'interet de ce travail porte essentiellement 
sur l'etude des Psammites du Condroz et des couches qui les surmontent direc
tement, dans les localites types : Esneux, Souverain-Pre, Montfort, Evieux et 
Comblain-au-Pont. Chaque section type est detaillee et son contenu paleontolo
gique est decrit afin de permettre les correlations entre les differentes sections. 

Les couches de transition Devonien-Carbonifere sont decrites et discutees. 
Les correlations entre les localites classiques de Comblain-au-Pont (Rivage
gare), Etroeungt ;Avenois, nord de la France) et les « Hangenberg Schiefer» 
(Honnetal) sont relativement etroites. Les couches que nous appelons Fa2d 
contiennent le conodonte Spathognathodus costatus 11/timus (Chanxhe). La 
subdivision superieure de la zone a spores pusillites-lepidophytus commence au 
sommet des couches de Comblain-au-Pont sensu stricto a Rivage-gare, mais 
cette sous-zone est presente dans le Calcaire d'Etroeungt contenant Cymacly
menia euryompha/a, qui parait ainsi partiellement plus jeune que les couches 
de Comblain-au-Pont. Toutes les correlations discutees dans cette note sont 
resumees sur la figure 3, en regard de la succession generale a Cephalopodes. 

ABSTRACT. 

Numerous quarries in the Ourthe Valley in the N-E part of the Synclinorium 
of Dinant expose lithological formations ranging in age from Famennian 
to Visean (fig. 1). This note concerns particularly the « Psammites du Condroz » 
and their directly superimposed beds in the type localities : Esneux, 

Service Geologique de Belgique, rue Jenner, Bruxelles. 

2 Laboratoire de Paleontologie vegetale, Universite, place du Vingt-Aout, 
Liege. 

3 Laboratoire de Mineralogie, Universite, place du Vingt-Aout, Liege. 
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Souverain-Pre, Montfort, Evieux, Comblain-au-Pont. Each type-section is 
described in detail and the palaeontological aspects noted to allow the correlation 
between the different sections. 

The Devonian-Carboniferous transition beds are described and discussed, and 
a relatively close correspondence is noted between the classic localities of 
Comblain-au-Pont (Rivage-gare), Etroeungt (Avesnois, North of France) and the 
« Hangenberg Schiefer » (Honnetal). The beds here called Fa2d contain the 
conodont species Spathognathodus costatus ultimus at Chanxhe. The upper 
subdivision of the pusi//ites-/epidophytus spore-zone starts at the top of the 
Comblain-au-Pont beds sensu stricto at « Rivage-gare » whilst this subzone lies 
within the Etroeungt Limestone containing Cymac/ymenia euryompha/a, which 
thus seems to be partly younger than the Comblain-au-Pont beds. All the correla
tions discussed in this paper are summarized in figure 3, and placed in relation 
to the standard cephalopod succession. 

I. INTRODUCTION 

A l'extremite nord-orientale du synclinorium de Dinant, la vallee de 
l'Ourthe recoupe, entre Esneux et Hamoir, des formations lithologiques 
d'ages Famennien a Viseen (fig. 1). 

L'interet de cette excursion est centre sur l'etude des « Psammites du 
Condroz » et sur les couches qui les surmontent directement. Les diver
ses formations lithologiques classiques ( ou « assises ») qui caracterisent 
les Psammites du Condroz, ont ete definies en 1875 par M. Mourlon 
dans les localites-types de la vallee de l'Ourthe a Esneux, Souverain
Pre, Montfort, Evieux. 

L'etude detaillee de ces formations a ete effectuee sur le plan sedi
mentologique par J. Thorez (These de doctorat inedite); sur le plan 
palfontologique par J. Bouckaert (Conodontes), R. Conil (Foramini
feres) et M. Streel (Spores). 

Au canevas biostratigraphique reconnu valable au travers du syncli
norium de Dinant (J. Bouckaert, M. Streel & J. Thorez 1968) s'ajou
tent, dans les coupes de la vallee de l'Ourthe et de ses affluents (plus 
de 30 coupes levees et etudiees en detail), des canevas de reperes 
rythmiques de valeur locale. Le decoupage stratigraphique tres fin 
qui a resulte des etudes sedimentologiques et paleontologiques a permis 
de reconstituer la palfogfographie du bassin sedimentaire. Un expose 
sedimentologique sort du cadre de ce livret-guide. 

Nous passerons en revue les coupes de reference classiques des 
formations lithologiques (assises) de M. Mourlon en mettant l'accent 
sur les reperes paleontologiques qui permettent d'etablir les raccords 
entre coupes. Quelques informations palfontologiques acquises apres 
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LOCALISATION DES COUPES 

DU FAMENNJEN 

DANS L'OURTHE 

d'apres carte geologique 

·m catcair• 
TOURNAISIEN -VISEEN 

D Gr~s etschiste 

~~ Schiste noduleux 

z 

; hfa'·Y:r!:I Psammite 
<t 
u.. 

Schiste 

ante -Famennien 

ZHm. 

ichopre 

COMB LAIN-AU-PONT 

@] f'samm1~s du Condroz 

Fig. 1. - Localisation des coupes du Fame1111ie11 dans la vallee de l'Ourtlze. 
Les numeros renvoient aux numeros des profils figures dans cette note. 
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notre publication (J. Bouckaert, M. Streel & J. Thorez 1968) ont ete 
ajoutees sur les profils sch6matiques presentes ici. 

Les deux limites Fa2a/Fa2b/Fa2c definies recemment (J. Bouckaert, 
M. Streel & J. Thorez 1968) sont materialisees sur la coupe de refe
rence principale dans l'Ourthe (Carriere de la Gombe-Montfort). Dans 
cette coupe, les limites inferieure et superieure du Fa2b ont ete mises 
en coi:ncidence avec celles de la Formation de Montfort Fm(Mt) - Mem
bre de la Gombe sensu J. Thorez. Il faut insister sur le fait que cette 
coi:ncidence n'est realisee pratiquement que dans cette coupe de refe
rence ; nous avons, en effet, montre que sur la courte distance (8 km 
environ) qui separe les affleurements du nord (Esneux) de ceux du sud 
(Comblain-la-Tour), les limites de la Formation Montfort Fm(Mt) sont 
recoupees en plusieurs points par les limites du Fa2b. Le diachronisme 
des formations devient plus evident encore quand on s'eloigne des 
coupes de la vallee de l'Ourthe, notamment vers le S-0. 

11 s'imposait, par consequent, de designer les formations litholo
giques par des sym boles propres : 
Formation des Psammites stratoi:des d'Esneux 
Formation de Souverain-Pre 
Formation de Montfort comprenant 4 membres 

- membre du Hoyoux 
- membre de Comblain 
- membre de Poulseur 
- membre de La Gombe 

Fm (Es) 
Fm (SVP) 
Fm (Mt) 

Formation d'Evieux : Fm (Ev) 
tels qu'ils sont definis par J. Thorez (1969, inedit). 

La figure 2 montre sch6matiquement les relations entre la coupe de 
Montfort-La-Gombe avec, respectivement: la coupe de Aye 356 (ou 
nous avons defini la base du Famennien superieur) et celle de Rivage
Gare (coupe classique de M. Mourlon oil affleurent les couches de 
passage du Devonien au Carbonifere). 

Les correlations entre la coupe de reference de La Gombe-Montfort 
et celle de Aye 356 sont possibles grace a la succession des zones a 
Conodontes rhomboidea-quadrantinodosa presentes dans les deux 
coupes. Cette succession de Conodontes est presente dans les affleure
ments situes en face de la carriere de La Gombe, sur la rive gauche de 
l'Ourthe. 

II. LES COUCHES DE TRANSITION 
DEVONIEN-CARBONIFERE 

Au fil des annees, la definition correcte des couches de passage du 
Devonien au Carbonifere est devenue un probleme tres complexe. Les 
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ETAGE Subdiv. COUPES DE REFERENCE 
etage 

Tourn. Tn1 
~ Q.kob. 

(Avesnois) © PLm 

Fa2d -· ·-i a. com. © PLi (h. Cm/sl 

© VUs (b:. c ii 
... Fa2c 

c :::> 

C1' .~ ©VVi ©VUi -· "'-·- ... ©GMs ©GMs (b. S?I 
'CIJ Fa2b lb. Vs! c c. 

c :::> FAMENNE ©GMm ©GMm t~Vml 
en -- . --C1' ©GMi. ©GMi 1 Q R1vage --· E Fa2a ta -· ~- gare ~ 2 -c C. !et. R 

r::,,,fl 
G;l La Gombe ~ 3 

LL. 
Bg. Cr.s OURTH£ © 4 ..... Fa1b Q 

~ 5 c ·- Aye356 Q 6 

Fig. 2. - Correlation des coupes de reference du Famennien supeneur dans 
le synclinorium de Dinant (J. Bouckaert, M. Streel & J. Thorez 1968). 

1. correlations par successions de zones biostratigraphiques. 
2. base d'une subdivision de· l'etage caracterisee par une succession de zones 

biostratigraphiques. 
3 a 6. zonation biostratigraphique (s=superieur, rn=rnoyen, i=inferieur) 

3. Foraminiferes (R. Conil): 
Q.kob. = Quasiendothyra kobeitusana 
Q.com.=Quas. cornrnunis radiata 

4. Spores (M. Streel) : 
PL=pusillites -lepidophytus 
VU =versabilis -uncatus 
GM=gracilis -rninutus 

5. Conodontes (J. Bouckaert): 
C=costatus 
S=styriaca 
V=velifera 
Q = quadrantinodosa 
R= rhornboidea 
Cr=crepida 

6. Brachiopodes (P. Sartenaer) : 
C.let. = Carnarotoechia letiensis 
B.g. = Basilicorhynchus basilicus gerardimontis. 
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difficultes resultent surtout d'une nomenclature tres embrouillee car les · 
correlations entre les localites-types de Comblain-au-Pont (cf. Rivage
Gare), d'Etroeungt (Avesnois, Nord de la France) et des schistes de 
Hangenberg (Honnetal) sont aujourd'hui relativement precises. 11 est 
aussi demontre que la base du Tournaisien inferieur, generalement 
admise dans le synclinorium de Dinant (base de Quasiendothyra 
kobeitusana) est plus ancienne que la base du Carbonifere definie a 
Heerlen (1935). 

Dans les coupes de Chanxhe et de Rivage est visible !'equivalent 
precis de cette base du Tnla, telle qu'elle a ete simultanement presen
tee par R. Conil, H. Pirlet & M. Lys (1967) au Congres du Carbo
nifere a Sheffield et par B. Mamet (1968) au Congres du Devonien a 
Calgary (soit approximativement la base de la Formation de Comblain
au-Pont sensu Mourlon 1875 ; la base du Tnlay sensu Conil 1964). 

En-dessous de cette zone affleurent sur une vingtaine de metres, des 
sediments qui n'appartiennent pas a la Formation d'Evieux et qui ont 
ete denommes Tnlaa. et ~par R. Conil (1964) (base placee a !'extinc
tion des « Umbellina ornementees » et a !'apparition des Girvanella 
ducii et G. wetheredi) ou Fa2d par J. Bouckaert, M. Streel & J. Thorez 
(1968) (base placee a !'apparition de Hymenozanotriletes lepidophytus). 
Les couches que nous denommons Fa2d contiennent Sp. costatus ulti
mus et Quasiendothyra communis radiata et sont marquees par l'appa
rition massive des Endothyridae. Comme l'ont montre R. Conil et M. 
Lys des 1964, les couches equivalentes ont pres de 150 metres d'epais
seur dans l'Avesnois (France) ou Hymenozonotriletes lepidophytus y 
apparait aussi, peu avant Q. communis radiata (Streel 1969). 

Les correlations biostratigraphiques entre les coupes de la vallee de 
l'Ourthe (en particulier celle de Rivage-Gare) et celles de l'Avesnois 
(en particulier la tranchee d'Avesnelles) sont bien, en ce qui concerne 
la base du Fa2d, celles montrees par Conil (1964) et non celles 
proposees par Mamet, Mortelmans & Sartenaer (1965, fig. 2) dans leur 
tableau de correlation des lithofacies. 

C'est dans la region de l'Avesnois que les couches du Fa2d et du 
Tnla sont les plus epaisses et probablement les plus completes. Le 
calcaire d'Etroeungt, a Etroeungt, sensu Gosselet 1857 en constitue 
la partie la plus superieure et les auteurs s'accordent a mettre le sommet 
du Tnl a a la limite entre ce calcaire d'Etroeungt et le calcaire noir 
d'Avesnelles, dans la tranchee d'Avesnelles (Conil 1964, Pl. II). 

Par contre, les correlations sont mains evidentes entre le sommet 
de la Formation de Comblain-au-Pont a Rivage-Gare, le sommet du 
calcaire d'Etroeungt a A vesnelles et la base du calcaire d'Hastiere, 
a Hastiere (base du Tnlb Conil 1964). 
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Fig. 3. - Chronostratigraphie, lithostratigraphie et biostratigraphie comparees 
par rapport a la zonation a Cephalopodes. 

1. limite biostratigraphique peu definie. 
2. a. intervalle d'incertitude de la zonation chronostratigraphique par rapport 

a la zonation a Cephalopodes. 
b. c. extension minimale (b) et maximale (c) des formations lithologiques 
classiques et des principales definitions chronostratigraphiques, par rapport a 
la zonation a Cephalopodes. 

3. a. b. position la plus basse (a) et la plus haute (b) d'une succession de zones 
biostratigraphiques par rapport a la zonation a Cephalopodes. 
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Au stade actuel des recherches, la zone a spores pusillites-lepido
phytus superieure (voir definition plus loin) commence au-dessus des 
couches de Comblain-au-Pont a Rivage-Gare mais est presente dans 
le calcaire d'Etroeungt qui serait ainsi partiellement plus jeune que les 
couches de Comblain-au-Pont sensu stricto. 

La partie moyenne du Tnlb, dans la region de Dinant (Conil 1964) 
et la partie inferieure du Tnlb dans le Hoyoux (Austin, Conil, Rhodes 
& Streel 1970) contiennent Siphonodella. La base du Carbonifere, 
definie a Heerlen, est done comprise entre. cette faune a Siphonodella 
dans la partie inferieure du Tnlb et le sommet des couches d'Etroeungt, 
contenant Cymaclymenia euryomphala. 

La succession stratigraphique classique peut done etre « correlee » 
tres exactement avec la succession allemande basee sur les Cephalo
podes (voir fig. 3). 

III. DESCRIPTION BIOSTRATIGRAPIDQUE SIMPLIFIEE DES 
COUPES 

Une definition precise et une mise au point de la taxonomie des 
especes de spores citees ci-dessous font partie d'un memoire en cours 
(M. Streel). (Description de bas en haut dans chaque coupe). 

Esneux CD fig. 4 : coupe de reference de la formation d'Esneux, Fm(Es) 
age: Fa2aa. 

Les schistes psammitiques ( dont les niveaux 1 a 5) appartiennent 
a la zone gracilis-hirtus et contiennent les spores : 

Archaeozanotriletes gracilis Kedo, abondant ( + de 2 % ) ; 
cf. Acanthotriletes hirtus Naumova, frequent, parfois abondant ; 
Retusotriletes punctatus Tchibrikova, tres abondant ( + de 10 % ) ; 
Retusotriletes incohatus Sullivan, frequent ; 
Retusotriletes planus Dolby & Neves, abondant ( + de 2 % ) ; 

(syn. : Punctatisp. irrasus Hacq. in Bouck. Str. Th. 1968) 
Endosporites gr. minutus H.S.M. 
Perotrilites cf. perinatus Hughes & Playford, frequent ; 
Perotrilites cf. magnus Hughes & Playford ; 
cf. Auroraspora solisortus H.S.M. 
Spinozonotriletes cf. tenuispinus Hacq., frequent; 
Hymenozanotriletes versabilis Kedo, frequent ; 
Lophozanotriletes cf. macrogrumosus Kedo 
Hymenozonotriletes velatus Caro-Moniez ; 
Hystricosporites multifurcatus (Winslow) Mortimer & Chaloner ; 
Calamospora microrugosa S.W.B. 
etc ... 
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Parmi les acritarches : 
Baltisphaeridium « triangulare » Stock. & Will. 
V eryhachium downei Stock & Will. 
V eryhachium octoaster Staplin. 
Pterospermopsis de grande taille (> 50 µ) 
etc ... 

Les premiers banes du facies calcareux a « nodules » de la formation 
de Souverain-Pre Fm (SVP) contiennent les Conodontes : 
Polygnathus rhomboidea 
P. pennatuloidea 
P. nodocostata nodocostata 
lcriodus cornutus 
Palmatolepis quadrantinodosa marginifera 
et le Brachiopode Camarotoechia letiensis fo. 2 
Beugnies (1965) a trouve Camarotoechia letiensis (fo. 1) a la base des 
psammites stratoides d'Esneux, sur l'autre rive de l'Ourthe. 

Souverain-Pre Q) fig. 5 : coupe de reference de la formation de Souve
rain-Pre sensu Mourlon 1875 et 1894. 
contact des formations Fm(SVP) et Fm(Mt) 
Membres de Poulseur et du Hoyoux, 
age : Fa2aa a Fa2ba. 

Les derniers banes de facies calcareux « a nodules » de la formation de 
Souverain-Pre contiennent: 
Palmatolepis glabra pectinata, 
P. glabra, 
Polygnathus glabra, 
P. nodocostata, 
P. semicostata, 
Spathognathodus strigosus, 
Pelekysgnathus sp. 

Les niveaux a nodules de la formation Montfort (membre de Poulseur) 
contiennent : 
Scaph1gnathus velifera, 
Polygnathus cf. semicostata. 

Les niveaux a spores sont rares et mal conserves. Au point 2 cepen
dant, on peut identifier la zone GMi. 

La zone gracilis-minutus se superpose a la zone gracilis-hirtus, 
non seulement dans la vallee de l'Ourthe, mais aussi dans le Hoyoux et 
dans la region de Silenrieux (Fagne). La zone GM inf. est caracterisee 
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par !'apparition de Archaeozanotriletes famenensis; l'abondance de 
Endosporites gr. minutus ( + de 2 % ) ; Hymenozanotriletes velatus 
Caro-Moniez devient frequent. 

Par contre Retusotriletes punctatus est moins abondant que dans 
la zone GH. Cf. Acanthotriletes hirtus devient occasionnel. 

Les autres especes mentionnees a Esneux sont aussi presentes dans 
la zone GM. 

Parmi les Acritarches, disparition dans l'aire etudiee de V eryhachium 
octoaster Staplin, des grands Pterosperrnopsis, apparition des premiers 
Tornacia sarjeanti Stock. & Will. 

La zone GM moyenne qui apparait quelques metres plus haut est 
caracterisee par !'apparition de Hymenozonotriletes microsetus Kedo. 
Archaeozonotriletes gracilis Kedo devient tres a bond ant ( + de 10 % ). 
Les formes de Endosporites cf. minutus a « zone » etroite deviennent 
frequentes. 

La succession GM inf./GM moy. se retrouve dans d'autres coupes 
de la vallee de l'Ourthe et dans le Hoyoux, dans la meme zone velifera 
inf. la ou les Conodontes sont presents. 

La Gombe-Montfort (J) fig .. 6 : coupe de reference de la formation 
de Montfort Fm(Mt), membre de La Gombe. 
Coupe de reference du Fa2b (limites inf. et sup.). 

A la base du Iithofacies Montfort Fm(Mt) - membre de Poulseur, un 
niveau a Conodontes a donne : 
Scaphignathus velif era, 
Polygnathus semicostata, 
Polygnathus nodocostata, 
Palmatolepis sp. 
Pelekysgnathus sp. 

La coupe de La Gombe-Montfort recoupe des facies lithologiques 
du Fm(Mt), membres de Poulseur (partie sommitale) et de La Gombe, 
plus favorables a l'abondance des spores que le lithofacies contempo
rain (membre du Hoyoux) compose d'alternances de banes de quartzite 
et de dolomie visite a Souverain-Pre. La totalite de la coupe jusqu'a 
la base de la formation d'Evieux Fm(Ev) appartient a la zone gracilis
minutus avec ses trois subdivisions inf., moy., sup. 

La zone GMi coincide avec la faune de Conodontes ci-dessus. 

La zone GMm a ete trouvee dans les premiers schistes (19) qui 
surrnontent le bane des « calamanes », base de la formation Montfort 
Fm(Mt), membre de La Gombe, choisi egalement comme base du 
Fa2b dans la coupe. 
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La limite GMm/GMs n'est pas encore localisee avec precision dans 
cette coupe; elle se place au moins a partir du niveau 23. Elle corres
pond a un changement quantitatif net : Retusotriletes punctatus Tchibri
kova devient de nouveau aussi abondant que dans la zone gracilis
hirtus; Endosporites gr. minutus est toujours abondant mais on note 
une sensible diminution des pourcentages de Retusotriletes planus 
Dolby & Neves, qui reste frequent et une abondance moindre de 
Archaeozonotriletes gracilis. La succession GMm/GMs se retrouve 
dans deux coupes plus meridionales dans la vallee de l'Ourthe et dans 
quatre coupes du Hoyoux. 

Entre le niveau 35 et le niveau 36, un changement plus marque se 
produit dans les assemblages de spores : Hymenozonotriletes versabilis 
Kedo et surtout Perotrilites cf. perinatus deviennent abondants ( + de 
2 % ), parfois tres abondants ( + de 10 % ). Archaeozonotriletes famen
ensis Naumova et Hymenozonotriletes microsetus Kedo deviennent 
frequents. 
Spinozonotriletes cf. uncatus apparait, avec d'autres especes comme : 
Hymenozonotriletes f amenensis Kedo, 
Pulvinispora depressa Balme & Hassel, 
Retusotriletes verrucosus Caro-Moniez, non Naumova. 
Endosporites sp. Pl. 5 fig. 5 in Balme & Hassell 
div. sp. nouvelles de Reticulatisporites, Dictyotriletes, Retusotriletes, 
Lophozonotriletes, etc ... 
un genre nouveau a « crumina ». 

Archaeozonotriletes gracilis devient de moins en moins abondant. 
C'est la zone versabilis-uncatus qui caracterise le Fa2c dont la base 
est fixee au niveau 35. 

La succession GMs/VU existe dans plusieurs coupes de l'Ourthe, 
du Hoyoux et du Bocq, dans la region de Silenrieux (Fagne) et dans 
les schistes de la gare de Sains (Fagne frarn;aise). 

Evieux@fig. 7: coupe de reference de la formation d'Evieux Fm(Ev); 
sequences etudiees d'age : Fa2a~ - Fa2c. 

Aucun niveau n'a livre de Conodontes. 

La moitie inferieure de la coupe a facies Montfort (membre du 
Hoyoux) OU les niveaux dolomitiques dominent, est defavorable a 
l'abondance des spores et a leur bonne conservation. On retrouve la 
succession GMs/VU dans la formation type d'Evieux entre les niveaux 
5/10 et les niveaux 12/13. 

Au-dessus des niveaux 12/13, Crepin (1874) a recolte, d'apres 
F. Stockmans (1948) : 
Archaeopteris roemeriana (Goppert), 
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Rhacophyton condrusorum Crepin, 
Sphenopteris flaccida Crepin, 
Sphenocyclopter;dium belgicum Stockmans, 
Cyclostigma brevifolium Nathorst, 
Barinophyton citrulliforme Arnold, 
Eviostachya hoegi Stockmans, 
Pinnularia devonica Stockmans. 

Les niveaux du Fa2ca qui contiennent des spores en abondance ne 
contiennent en revanche aucun acritarche. 

La partie superieure de la formation d'Evieux est peu favorable 
aux spores ; les couches ne sont pas exposees d'une maniere continue 
et n'atteignent pas le Fa2d. 

Comblain-au-Pont @ fig. 8 : age Fa2c. 
11 s'agit d'une coupe du Fa2c plus complete que celle d'Evieux, 

mais en facies nettement marin. Acritarches et scolecodontes sont 
regulierement presents mais peu abondants (mains abondants que dans 
les couches Fa2b de La Gombe-Montfort ou l'on trouve encore des 
Baltisphaeridium « triangulare » Stock. & Will., des V eryhachium 
downiei Stock. & Will. et plusieurs especes de Cymatiosphaera). A 
Comblain-au-Pont, c'est un Gorgonisphaeridium a appendices courts 
et nombreux qui est le plus frequent. 

On trouve la zone versabilis-uncatus des la base de la coupe et 
jusqu'a son sommet. Au niveau 45, pres de la base, se place un niveau 
a Conodontes remanies. On retrouve cette faune a Conodontes remanies 
dans quatre coupes, apparemment au meme niveau stratigraphique 
du Nord au Sud dans la vallee de l'Ourthe. 

Les assemblages de spores y sont en general les mieux conserves 
parmi ceux que nous avons isoles dans la vallee de l'Ourthe, parti
culierement les niveaux 45 a 55 et 62/6 a 71. A partir du niveau 57, les 
assemblages contiennent generalement Raistrickia variabilis Dolby & 
Neves (Fa2c~). Cette coupe n'atteint pas le Fa2d. Pres du sommet, 
elle contient un bane calcaire a Conodontes : Spathognathodus costatus, 
Pol. communis, situe une dizaine de metres sous un bane rouge. La 
meme succession d'un bane de calcaire avec la costatus zone et d'un 
bane rouge se retrouve dans la coupe de Comblain-la-Tour, 20 metres 
sous la base de la zone a Hym.lepidophytus. 

Chanxhe @ fig. 9 : age : Fa2c - Fa2d - Tnl. 
Cette coupe porte des reperes de couleurs differentes suivant l'age. 

On peut observer dans cette coupe le sommet de la formation d'Evieux 
Fm(Ev) avec la zone VUs (Fa2c) contenant Raistrickia variabilis Dolby 
& Neves (jaune). 
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Au-dessus du niveau 93, caracterise par !'extinction des Umbellina 
« ornementees », Conil (1964) pla<;:ait la base de son Tnla a,~' carac
t6rise par le developpement de Girvanella ducii et G. wetheredi (bleu). 
C'est dans cette zone a Girvanella qu'apparait, au bane 96, Hymeno
zonotriletes lepidophytus qui devient tres abondant quelques metres plus 
haut la ou l'on trouve Quasiendothyra communis radiata (vert). 

L'apparition d'Hymenozonotriletes lepidophytus Kedo marque la 
base du Fa2d. Elle correspond a un nouveau changement sensible 
dans la composition quantitative des assemblages de spores ou Archaeo
zonotriletes gracilis et Hymenozonotriletes versabilis deviennent moins 
frequents. Cf. Acanthotriletes hirtus et cf. Auroraspora solisortus dispa
raissent. Spinozonotriletes cf. tenuispinus Hacq. devient plus rare. 
Hymenozonotriletes pusillites apparait. Cet assemblage constitue la 
base de la pusillites-lepidophytus zone (PLi). 

Le niveau calcaire 111 contient la faunule a Conodontes : Spatho
gnathodus costatus ultimus, caracterisant la zone a costatus moyenne et 
superieure. 

Au niveau 115, apparait Quasiendothyra kobeitusana (rouge) qui 
marque generalement dans les facies a Foraminiferes la base du Tour
naisien inferieur (par exemple dans les bassins franco-belges et en 
U.R.S.S.). Ce bane correspond a la base du Tnlay de Conil (1964) 
c'est-a-dire la base du Tnl, telle que recemment proposee aux congres 
de Sheffield (Conil, Pirlet & Lys 1967) et de Calgary (Mamet 1968). 

_ C'est approximativement a ce niveau que, dans les assemblages de 
spores, les grands specimens ( + de 70 µ) de Hym. lepidophytus dispa
raissent tandis que les var. minor et tener se font plus nombreuses, 
caracterisant les zones PLm et PLs. 

Au sommet de la coupe, au niveau 158, apparaissent en tres petit 
nombre, plusieurs especes nouvelles : 

Lophozonotriletes rarituberculatus Kedo, 
Raistrickia sp. A. Sullivan 1964, 
Grandispora echinata Hacq., 
Cristatisporites echinatus Playf. etc ... 

Elles caracterisent la zone PLs dans laquelle Hym. lepidophytus 
atteint generalement les plus hauts pourcentages. 

La coupe de Chanxhe est interrompue par une faille et ne permet 
pas d'observer completement le Tournaisien inferieur, qui sera etudie 
a Rivage-gare. 
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Riv age-Gare (j) fig. 10 : coupe de reference de la formation de 
Comblain-au-Pont sensu Mourlon 1875. 
age : Fa2c - Fa2d - Tnl - Tn2. 

La meme succession a Foraminiferes, Algues et Spores decrite a 
Chanxhe se retrouve le long du quai de la gare de Rivage. 

Le niveau 161 contient la zone PLs, avec des spores mieux conser
vees que dans le niveau equivalent de Chanxhe; c'est le plus haut 
niveau a spores dans la vallee de l'Ourthe. 

Ces schistes sont surmontes de calcaires massifs appartenant au 
Calcaire d'Hastiere (Tnlb) encore que la base du Tnlb ne puisse pas 
etre determinee dans cette coupe avec precision. 

C'est dans cette masse calcaire que passe la limite Devonien/Carbo
nifere telle qu'elle a ete definie a Heerlen, en 1935. Au-dessus, accessi
ble du pant routier, on trouve un niveau schisteux d'une dizaine de 
metres d'epaisseur, tres constant sur toute l'etendue des synclinoriums 
de Dinant, de Namur et de la Vesdre; ce sont les schistes a Spiriferellina 
peracuta, d'age Tn2a. A Rivage, ils ne contiennent que des spores mal 
conservees. Par contre, sur le bard nord du synclinorium de Dinant et 
dans le synclinorium de Namur, ils contiennent un assemblage de spores 
ou Hym. lepidophytus et Hym. pusillites ant disparu mais ou dominent 
Punctatisporites irrasus Hacq. et Retusotriletes incohatus. On y trouve 
egalement : Hymenozonotriletes explanatus Kedo, Dictyotriletes trivia
lis Naumova in Kedo 1963 ; Raistrickia corynoges Sullivan; Archaeo
zonotriletes literatus; Corbulispora subalveolaris Sullivan, etc ... 

C'est !'assemblage trivialis-explanatus (TE). 

La succession des zones pusillites-lepidophytus/trivialis-explanatus 
est tres brutale et marque la disparition de nombreuses especes du 
Famennien superieur. 
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Excursion du samedi 19 et du dimanche 20 avril 1969 

Le Calcaire Carbonifere du Synclinorium de Dinant 
et le sommet du Famennien 

R. CONIL 1 & H. PIRLET 2 

Avec 3 figures dans le texte et 2 hors-texte. 

RESUME. 

Les grandes lignes de la division du Dinantien sont presentees sur une base 
biostratigraphique et le contenu micropaleontoiogique (Forams., Conodontes, 
Spores) des differentes assises du Toumaisien et du Viseen est precise. On 
rappelle notamment !'existence de Quasiendothyra dans la partie superieure 
du Famennien et dans le Tournaisien inferieur, la presence des Siphonodella 
dans le Tnlb, !'apparition des Archaediscides des la partie moyenne du Viseen 
inferieur. L'evolution rapide de ces derniers permet une subdivision tres precise 
du Viseen moyen et superieur. L'apparition massive des Archaediscides a 
nodosites accompagne !'apparition de Gnathodus commutatus nodosus dans le 
Viseen superieur (V3b). La partie superieure de ce dernier niveau contient 
Goniatites crenistria schmidtianus. 

ABSTRACT. 

The main subdivisions of the Dinantian are presented on a biostratigraphical 
basis and their micropalaeontological contents (foraminifera, conodonts, spores) 
are discussed in detail. Attention is drawn to the existence of Quasiendothyra 
in the upper part of the Famennian and in the Lower Tournaisian, the presence 
of Siphonodella in Tnlb, and to the occurrence of the Archaediscidae in beds 
as early as the middle part of the Lower Visean. The rapid evolution of the 
latter allows a detailed subdivision of the Middle and Upper Visean. The 
occurrence « en masse » of nodose Archaediscidae matches the appearance of 
Gnathodus commutatus nodosus in the Upper Visean (V3b). The upper part of 
the latter horizon contains Goniatites crenistria schmidtianus. 

I. LA VALLEE DE L'OURTHE 
(BORD NORD DU SYNCLINORIUM DE DINANT) 

CHANXHE - RIV AGE : Famennien superieur et base du Carbo
nifere. (J. Bouckaert, M. Streel & J. Thorez 1968, p. 323, hors
texte 1 ; R. Conil 1961, pp. 347-348, pls 14-18 ; R. Conil 1964, 

1 Institut Geologique de l'Universite, rue St-Michel 6, Louvain. 

2 lnstitut de Geologie de l'Universite, place du XX Aofit 7, Liege. 
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pp. 46-51, pis 1, 4-14; R. Conil 1968, p. 726, pl. 3, hors-texte; 
R. Conil, H. Pirlet, M. Lys, etc. 1967, pis 3-4 ; L. Franssen 
1967, pp. 571-580, 2 pl. ; M. Streel 1966, hors-texte 2). 

C'est a cet endroit que les Quasiendothyra furent decouvertes pour 
la premiere fois en Europe occidentale (Conil 1961, pl. XVII, fig. 15). 
L'etude des Endothyridae a permis d'entreprendre de 1961 a 1967 une 
revision complete de la stratigraphie du Tournaisien inferieur. Recem
ment, la palynologie est venue completer et corriger la premiere 
esquisse generale de 1964 (M. Streel). 

« Fa2c » (1) (voir hors-texte 1 et 2) - Schistes et gres avec banes 
dolomitiques ou calcaires. Ces calcaires renferment essentiellement des 
Algues (Girvanella nicholsoni, Bevocastria, Umbellina, etc ... ), des 
Ostracodes (dont de nombreux Cryptophyllus) et quelques Foramini
feres uniloculaires (Bisphaera), a !'exclusion des Foraminiferes endo
thyroides. Les Conodontes sont generalement tres rares. 

Fa2d (1) ( « Tnla a - ~ » de Conil 1964, mains I' extreme base) -
Une brusque modification paleontologique survient sous la base de 
cette zone ; elle se marque par la disparition d'une association de type 
sublagunaire ou tres peu profonde des couches inferieures et son 
remplacement par une association de petites Girvanelles et de Forami
niferes pluriloculaires (Quasiendothyra, Tournayellidae, Endothyra). 
Nous y voyons la trace d'un mouvement general correspondant au debut 
de la transgression carbonifere. Mains sensible dans les regions meri
dionales (Hastiere-Avesnois), OU les conditions etaient restees plus 
franchement marines, ce mouvement se marque en direction du Massif 
du Brabant par des contacts brutaux, et des lacunes de plus en plus 
importantes. 

Cet ensemble, tres schisteux et souvent peu favorable aux organismes 
calcaires dans les regions de l'Ourthe et de la Vesdre, n'est aisement 
identifiable qu'a son sommet, ou un mince biostrome a Coraux et 
Stromatopores renferme les 6lements de la zone a Quasiendothyra i 
communis (partie superieure). Cet assemblage est actuellement bien . 
connu dans les « Schistes de l'Epinette », au parastratotype du Tnl a 
Avesnelles. 

« Tnla » (y de Conil 1964) - Un deuxieme biostrome qui n'est 
bien developpe qu'aux environs de Dolhain, correspond a !'apparition 
des premieres Quasiendothyra kobeitusana qui ne vont cesser de se 

(1) Fa2c, Fa2d=subdivisions de l'etage. 
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developper jusqu'a la base du « Tnlb » inclusivement. Comme le 
premier biostrome, celui-ci disparait sous un niveau schisto-greseux 
important, le dernier du Tnl. Le regime calcaire deviendra ensuite de 
plus en plus franc tandis que se developpe dans la region de la Vesdre 
et d'Aachen le biostrome principal, d'age Tnla (y). 

« Tnlb » (a - ~ de Conil 1968) - De l'Avesnois a l'Ourthe, le 
calcaire d'Hastiere marque une etape franche vers le regime calcaire. 
Sa base tres tranchee vers le SW se marque de moins en moins vers 
le NE, region moins atteinte par Ies apports terrigenes a la fin du Tnla. 

« Tnlb » (y de Conil 1968) - Une subsidence premonitoire pre
cedant !'important mouvement du Tn2a ramene le fond, de la zone de 
turbulence, a une zone plus profonde a Foraminiferes uniloculaires 
dominants. Les quelques pluriloculaires presents indiquent une zone 
intermediaire entre celle a Quasiendothyra et celle a Chernyshinella du 
Tn2. 

« Tn2a-b » - La deuxieme grande sequence du Dinantien forme 
une belle progression dans Ia region de l'Ourthe ; comme a Landelies, 
le « Tn2b » renferme une riche association de Chernyshinella et d' En
dothyra a loges dissymetriques. Les petites Girvanelles sont abondantes. 

« Tn2c » - La base de la troisieme grande sequence dinantienne, 
si bien marquee au SW du Hoyoux par un soudain apport terrigene, 
n'apparait guere de fa9on evidente depuis le Hoyoux jusqu'a la Vesdre, 
region epargnee par cet apport. La subsidence qui, a Dinant, a modifie 
completement !'association faunique ne se marque ici que par les 
caracteres de !'assemblage paleontologique. L'absence d'apports terri
genes permet le developpement d'une faune de Foraminiferes tres 
apparentee a celle du « Tn2b ». 

« Tn3a » - La subsidence amorcee au « Tn2c » parait bien se 
poursuivre et s'accroitre durant le « Tn3a » inferieur ; les Coraux et 
Conodontes deviennent abondants tandis que les Algues et Forami
niferes pluriloculaires disparaissent. La grande abondance des cherts 
permet de reconnaitre immediatement sur le terrain la base du Tn3. 

IL ENVIRONS DE DINANT 
(PARTIE CENTRALE DU SYNCLINORIUM DE DINANT) 

A) Dinant (Faubourg St-Paul) (Base du Calcaire carbonifere) 
(Stratotype du Viseen inferieur, Vl) 
(R. Conil, R.L. Austin, M. Lys, F.H.T. Rhodes 1969, pp. 40-74 ; 
pls 1, 2). 

La proximite des grands recifs waulsortiens et l'epandage de leurs 
produits d'abrasion dans le lagon du Viseen inferieur Vl, a toujours 
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rendu difficile l'identification des calcaires stratifies formant a Dinant 
le passage du Tournaisien au Viseen. Ces calcaires ne renferment 
guere de macrofossiles. L'etude des Foraminiferes a permis de tirer les 
premieres conclusions et la richesse de cette coupe en Conodontes 
permet d'en espfrer une utilisation plus efficace encore. 

' « Tn3c » - Calcaire violace a Tetrataxidae et Palaeospiroplectam
m!n-a diversa. 

« Vla » - Alternances de calcaire violace et de calcaire noir a 
Pachysphaerina pachysphaero'ides, Eoparastaffella et Brunsia. 

Vlb - Calcaire noir et marbre noir de Dinant a Archaediscidae 
primitifs. 

B) Synclinal de Freyr (rive droite de la Meuse) 

(R. Conil 1968, pp. 708-711 ; H. Dupont 1969, pp. 121-123, 
pls 14, 15, 18). 

Cet endroit se situe entre de grands recifs waulsortiens qui se sont 
plus particulierement developpes durant le Tn3. La partie la plus inte
ressante de la coupe montre des calcaires bien rythmes reposant sur 
des calcaires violaces bourres de cherts, equivalent lateral des masses 
waulsortiennes. Ces calcaires rythmes ant ete formes durant une pfriode 
d'abrasion des recifs waulsortiens immediatement anterieure au Vla. 
Au meme moment, nous voyons dans la vallee de l'Ourthe le passage 
de calcaire argileux a faune tres pauvre a du calcaire crino'idique massif 
et tres fossilifere. Ce reievement du bassin semble avoir entraine le 
declin des formations waulsortiennes et provoque le lagon du marbre 
noir Viseen inferieur, Vl, derriere les recifs tournaisiens amenes en 
zone de turbulence et d'erosion. 

L'assemblage a Tetrataxidae et Pal. diversa, caracterisant ces cal
caires rythmes et les recifs dont ils proviennent, est le plus ancien 
que l'on connaisse et doit son developpement aux conditions tres 
speciales de vie en milieu recifal waulsortien. Ce n'est qu'au Viseen 
inffrieur, a la suite du retablissement de communications coupees au 
Tn3ab que ces formes gagneront la region de l'Oural tandis que les 
faunes du Kizel de l'URSS apparaitront dans la province de l'Europe 
de l'Ouest. 

Les premiers Scaliognathus anchoralis proviennent de ces couches 
« Tn3c ». 
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C) Anseremme (coupe du chemin de fer, rive gauche) 
(Parastratotype du Tnlb) 

(R. Conil 1964, pp. 30-32, pls I, XIII ; R. Conil 1968, pp. 696-
698, pl. III hors-texte). 

Cette coupe montre une succession complete depuis le sommet du 
« Strunien schisteux » ( « Fa2d ») jusqu'au sommet du « Tn2b ». Le 
« Tnl b » est divisible en 3 unites lithostratigraphiques : 

« Tnlb » (a de Conil 1968) (2) - Couches inffaieures reposant 
sur le « Calcaire d'Etroeungt ». 

« Tnlb » CB de Conil 1968) - Gros banes de calcaire crinoi:dique. 
« Tnlb » (y de Conil 1968) - Alternances schisto-calcaire (zone 

a Foraminiferes uniloculaires precedant la zone a Chernyshinella). 

La comparaison avec le « Tnl b » de l'Ourthe montre qu'apres un 
ensevelissement progressif du relief anterieur sous les sediments 
« Tnl b »a, l'uniformite du fond se marque par la repercussion des 
moindres incidents sedimentaires sur de grandes distances. 

La comparaison avec l'Avesnois montre de part et d'autre la dispa
rition brutale des couches schisteuses a Coraux et Phacops et leur 
remplacement par des calcaires apparemment mains profonds, tout 
a fait differents dans les 2 regions : oolithe et calcaire crinoi:dique sans 
Foraminiferes dans la region de Dinant, calcaire noir d'Avesnelles a 
Productus niger et Tournayellidae dans l'Avesnois. 

D) Hastiere (Sentier des Vignes) 

(R. Conil 1964, pp. 28-30, pis I, IV; R. Conil 1968, pp. 701-
704). 

La succession visible a cet endroit s'etend pratiquement sans inter
ruption du Famennien superieur au « Tnl a » superieur tres riches en 
Foraminiferes. Les calcaires du « Fa2c » renferment parfois de nom
breux Icriodus. Le « Fa2d » (equivalent du Strunien schisteux et de 
la partie inferieure du Strunien greseux, sensu Conil 1964) ne contient 
guere de Foraminiferes, mais de nombreuses petites Girvanelles. Des 
Quasiendothyra d'un type deja evolue (partie inferieure des Schistes 
de l'Epinette) apparaissent pour la premiere fois a Hastiere dans la 
moitie superieure du « Strunien greseux ». Contrairement a ce qui se 
passe dans l'Avesnois, le milieu leur fut ici longtemps defavorable. 

(2) Note en cours d'impression: dans la vallee du Hoyoux, le « Tnlb » a 
contient parmi de nombreux Conodontes Siphonodella cooperi et Patrognathus 
variabilis (voir Austin, Conil, Rhodes & Streel 1970). 
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E) Salet (Route de) 

(Parastratotype du Vl) (3) 

(R. Conil 1967, pp. 424-425, fig. 1 ; R. Conil 1968, pp. 712-714; 
R. Conil 1969, note infrapaginale p. 494; R. Conil, R.L. Austin, 
M. Lys, F.H.T. Rhodes 1969, p. 55, note infrapaginale). 

« Tn3 » - Cette coupe a l'avantage de montrer une succession 
presque continue depuis le « Tn3 » jusqu'au « V2b ». Le Tournaisien 
y comprend de bas en haut des calcschistes, du calcaire crinoi"dique 
du type « petit-granit » et enfin du « calcaire de Leffe » de type fin, ne 
renfermant que quelques niveaux a Foraminiferes dans sa partie supe
rieure, bien marquee par de nombreux cherts. 

« Vla » - Comme dans le stratotype de Dinant, les tout premiers 
elements microfauniques du Viseen inferieur, Vl, apparaissent au milieu 
d'une serie OU alternent le facies de Leffe et le facies marbre noir 
(bane 87). La signification de cette faune a ete discutee recemment 
par comparaison avec l'URSS (Conil & Lys 1968, pp. 493-494). 
L'apparition d'une famille notamment rend !'identification des pre
mieres couches viseennes particulierement aisee dans nos regions (4). 

Les materiaux terrigenes des niveaux plaquetes proviennent vraisem
blablement d'erosions marginales produites lors du soulevement au 
« Tn3c » superieur. Apres un hiatus de 3,30 m, !'importance du facies 
marbre noir s'accroit et !'assemblage micropaleontologique devient plus 
complet et caracteristique de toute l'epaisseur du « Vla » de Salet ou 

(3) Une revision detaillee de cette coupe est en voie d'achevement. 

(4) Nous avons rapporte jusqu'ici a la famille des Ammodiscidae les genres 
dinantiens habituellement designes sous les noms de Ammodiscus, Brunsia (sensu 
Glomospirella) et Glomospira. Leur paroi microgrenue, comme celle des Endo
thyracea, les distingue cependant des Ammodiscidae, a paroi agglutinee. Nous 
suggerons de reunir ces genres dans une famille nouvelle d'Endothyracea : les 
Pseudoammodiscidae. Cette famille est probablement a l'origine des Archae
discidae dont les especes primitives ont une paroi microgrenue tres developpee 
et une couche radiee reduite aux tours initiaux. Ce caractere s'inverse progres
sivement durant !'evolution des Archaediscidae, dont les especes namuriennes 
ont en general une couche microgrenue a peine visible. 

Les caracteres essentiels des Pseudoammodiscidae sont : 

Proloculum + tube enroule non cloisonne. 
Paroi calcaire, simple, microgrenue. 
Ouverture terminale simple. 

Cette famille apparait pour la premiere fois en Europe occidentale a la base 
du Viseen avec les Fusulinacees les plus primitives. Elle constitue done un bon 

Vair suite de la note au bas de la page suivante 
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de Denee. Nous voyons egalement dans les materiaux terrigenes, 
abondants dans certaines coupes du Viseen inferieur, Vl, le resultat des 
erosions et karsts connus au meme moment dans le Condroz ou le 
bassin de Namur, en marge du lagon (Conil 1967, p. B 413). 

« Vlb » - Nous avons divise en deux le Vlb sur la base de 
!'evolution des Archaediscidae. 

Vlba (de Conil 1968) - Couches a Archaediscidae les plus 
primitifs (Planoarchaediscus, Paraarchaediscus), avec couche 
radiee peu developpee. 
VlbB (de Conil 1968) - Apparition et developpement des 
Permodiscus et Archaediscus avec couche radiee bien developpee. 

La barriere des recifs waulsortiens etait toujours agissante au Vlba 
et leur croissance, bien que tres localisee, s'est poursuivie jusque dans 
les premiers temps du Vl bB, comme le prouvent les produits de leur 
erosion (Anseremme). 11 est done comprehensible que des facies marbre 
noir aient pu se poursuivre jusque dans le Vl b, aussi bien a Salet qu'a 
Dinant. Le confinement disparait neanmoins tres vite durant le Vl bB 
OU se forment des calcaires organoclastiques a microfaune de Forami
niferes riche et variee, voire meme des calcaires clairs a grands Fora
miniferes (bane 356) et des couches a Coraux (bane 399). 

« V2a » - Cette sous-assise qui forme la base du Viseen moyen est 
particulierement epaisse a Salet ; elle s'identifie faute de mieux par 

guide regional, ayant migre a un moment bien determine depuis le bassin de 
l'Oural. Les premiers representants sont, en effet, connus beaucoup plus tot, 
des le Devonien et le Tournaisien superieur, en URSS (Bykova, Lipina). 

Nous proposons de designer sous le nom de Pseudoammodiscus Jes especes 
ammodiscoldes a paroi microgrenue et de choisir comme espece-type Ammo
discus priscus Rauser-Tchernoussova 1948. 

COMPARAISON : 

(Cf. A. Loeblich, 
& H. Tappan 1964) 

TEXTULARIINA I FUSULININA MILIOLINA 

Planispiral Ammodiscus Pseudoammo- Cyclogyra 
Reuss discus nov. gen. Wood 

Pelotonne Glomospira Pseudoglomo-
Rzehak spira Bykova 

Pelotonne puis Glomospirella Brunsia Hemigordius 
planispirale Plummer Mikhailov Schubert 

(Notice preliminaire, par R. Conil & M. Lys). 
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l'apparition de Koninckopora inflata succedant a d'autres Dasycladacees 
du « Vlb ». Elle cloture la 3e grande sequence du Dinantien en abou
tissant au comblement des irregularites h6ritees du Tournaisien 
superieur. 

Le « V2b » qui lui succede est separe du « V2a » par un niveau 
conglomeratique et pyriteux (Banc d'or de Bachant). 

III. RESUME DE LA STRATIGRAPHIE DU VISEEN MOYEN 
ET SUPERIEUR, V2b, V3a, V3b, V3c (voir hors-texte 1 et 2) 

A) Le Viseen moyen, V2b, qui forme la partie superieure du Viseen 
mo yen, ou « Cale a ire de N ameche et de Lives », se caracterise par 
l'association Lithostrotion martini, Productus corrugato-hemisphaericus, 
Seminula globularia (zone S2 de Vaughan). 

Cette sous-assise, epaisse de 80 metres dans le Synclinorium de 
Namur, presente dans l~s deux synclinoriums une sedimentation de 
type rythmique avec des calcaires organoclastiques bleu fonce a la base 
des sequences et des niveaux cryptiques et algaires de type stromatoli
thique au sommet. Ces rythmes ont pu etre suivis en detail sur 60 km 
(G. Gerards & P. Michot 1955, 1963 - Simon & Hocq, inedit). Cette 
sous-assise a ete divisee en plusieurs unites de rang inferieur sur la 
base de groupement de sequences de meme type et de caracteres 
paleontologiques (V2ba, B, y, o, E). 

Dans le Synclinorium de Dinant, cette sous-assise est frequemment 
ravinee a son sommet par la base de la « Grande breche », V3a. 

Au point de vue micropaleontologique, on remarque !'apparition 
du genre Koskinotextularia et de Quasiendothyra nibelis dans le V2ba 
et la presence de nombreux Archaediscus stilus. 

A la partie moyenne du V2b, ii existe une grosse sequence de 
20 metres de puissance, le V2bB stilus caracterisee par la grande abon
dance d'Archaediscus stilus, Lituotubella glomospiroides magna et 
Forschiella prisca. 

La partie superieure du V2b (V2b y-E), rarement atteinte dans le 
Synclinorium de Dinant, se caracterise par !'association de nombreux 
Archaediscus convexus, Endothyra foeda, de Endothyra convexa et 
de Endothyra omphalota minima, ainsi que par l'apparition des pre
miers et rares Lithostrotion irregulare et de Dibunophyllum primitifs, 
mais en !'absence de tout Productus giganteus. 

Jusqu'a present cette sous-assise n'a pas encore livre de Conodontes 
en Belgique, malgre de nombreuses recherches encore en cours. 
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B) Le Viseen superieur 

1) Le Viseen superieur, V3a 

Cette sous-assise qui forme la base du Viseen supeneur se carac
terise par la presence de Dibunophyllum vaughani, Carcinophyllwn 
vaughani, Lithostrotion irregulare, Productus undiferus, Koninckopora 
inflata, Archaediscus convexus, Endothyra omphalota minima, Endo
thyra convexa, Endothyra foeda, Tetrataxis paraminimus. Cette asso
ciation caracterise la zone Di de Vaughan. 

A la base de la «Grande breche » des « Fonds-de-Leffe », P. 
Bourguignon (1951) a trouve : Beyrichoceras redesdalense, Beyricho
ceras hodderense var. vallense dans des niveaux qui reposent imme
diatement sur le V2b. Aucun Conodonte n'y a ete trouve jusqu'a 
present. 

La partie inferieure, V3aa ou « Calcaire de Seilles », presente 
une sedimentation de type rythmique (20 sequences) dans la partie 
centrale -et est du Synclinorium de Namur, OU elle est epaisse de 
45 metres. Les sequences sont formees de calcaires organoclastiques et 
oolithiques clairs qui alternent avec des niveaux cryptitiques et stroma
tolitiques. L'assise diminue d'epaisseur vers l'ouest du Synclinorium 
de Namur ou elle devient dolomitique. 

Dans le Synclinorium de Dinant, cette partie inferieure du V3a est 
ravinee par la « Grande breche » OU V3a~, qui est epaisse de 30 metres 
comme dans l'ouest du Synclinorium de Namur ; elle ravine meme 
les niveaux superieurs du Viseen moyen, V2b. 

2) Le Viseen superieur, V3b 

Cette sous-assise epaisse de 100 metres dans le Synclinorium de 
Dinant, se divise en trois zones palfontologiques : 
a) le V3ba OU (( Petit granit de Thon » a sedimentation rythmique ; 
b) le V3b~ ou « Calcaires algaires et breche de Poilvache » ; 
c) le V3by OU «Banes superieurs d'Anhee» a sedimentation rythmique. 

a. Le V3ba ou « Petit granit de Thon » est forme de calcaires orga
noclastiques bleu fonce et de calcaires varvoi'des (algaires) disposes en 
rythmes sedimentaires (6 sequences), avec de nombreux delits de 
kaolinite et deux lits de tonstein. Caninia samsonensis, Productus 
giganteus, Spirifer striatus s'y trouvent. 

Apparition de : Archaediscus gigas, Archaediscus molleri, Howchi
nia, Gnathodus girtyi, Gnathodus commutatus commutatus (5). 

(5) Les Conodontes du Viseen superieur ont ete extraits et determines par 
le Dr J. Bouckaert du Service gfologique de Eelgique. 
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11 est peu epais (20 m) dans le Synclinorium de Dinant et plus epais 
(35 m) et plus grassier dans le Synclinorium de Namur (a Thon
Samson). 

b. Le V3b~ OU « Calcaires algaires et breche de Poilvache », epais 
de 40 m, possede les memes fossiles que le V3ba sauf a la partie supe
rieure OU apparal't la zone a Neoarchaediscus incertus - Tetrataxis 
acutus. 

11 est principalement forme de calcaires algaires et brechoi'des. 

Sa limite superieure se situe au sommet de 4 minces lits de houille 
qui se succedent en moins de 2 metres et qui forment un excellent 
repere stratigraphique. 

c. Le V3by ou «Banes supeneurs d'Anhee » est forme comme le 
V3ba de calcaires organoclastiques bleu fonce et de calcaires varvoldes 
disposes en rythmes sedimentaires (11 sequences). On notera la pre
sence de cherts noirs a la partie superieure et de nombreux lits de 
kaolinites qui pourraient s'averer etre !'equivalent des cinerites du 
Kieselkalk d'Allemagne. 

Des la base du V3ba, apparition de la zone a Neoarchaediscus 
incertus - Cribrostomum lecomptei. Le V3ba est divise en deux par
ties : a la base des « Gris-banes », au sommet le marbre « Bleu-belge ». 

Dans la base des « Gris-banes », ii existe unlit de houille de 25 cm 
d'epaisseur. Deux metres au-dessus debute la zone a Saccamminopsis 
carteri - Bradyina rotula. Dans les « Gris-banes » et le marbre « Bleu
belge », Dibunophyllum bristolense, Aulophyllum fungites, Lithostro
tion irregulare, Lithostrotion junceum, Productus giganteus, Produc
tus latissimus, Archaediscus a nodosites, Archaediscus molleri, Koski
nobigenerina simplex, Endothyranopsis simplex, Gnathodus bilineatus, 
Gnathodus claviger, Gnathodus girtyi, Gnathodus commutatus commu
tatus, Gnathodus commutatus nodosus, Gnathodus commutatus punc
tatus, Gnathodus homopunctatus. 11 s'agit de la zone DrD3 • 

C'est dans le « Bleu-belge » que j'ai trouve Goniatites crenistria 
schmidtianus (determination J. Bouckaert) du cu Illa d'Allemagne. II 
existe cependant des Goniatites non determinables des la base des 
« Gris-banes ». 

3) Le Viseen superieur V3c ou couches de passage au Namurien. 

a. - Le V3c inferieur a Goniatites striatus, epais de 7 m, est forme 
de calcaire organoclastique noir a cherts. Lithostrotion junceum, Spiri
fer bisulcatus calcaretus, Productus latissimus, Productus longispinus, 
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Productus striatus, Achaediscus a nodosites, Neoarchaediscus incertus, 
Loblichia, Cavusgnathus. 

b. - Le V3c superieur (8 m) forme de calcschistes et de schistes. 
Apparition de Neoglyphioceras spirale, Goniatites granosus, Goniatites 
newsomi, Lithostrotion portlocki, Zaphrentis oystermouthensis, Cyatha
xonia cf. rushiana. 

IV. ITINERAIRE DE L'EXCURSION 
DANS LE VISEEN MOYEN ET SUPERIEUR 

POINT 1. 

Moulin de Floye (vallee de la Molignee). Extremite sud de la carriere 
exploitee par la S.A. de Fours a chaux de Haut-le-Wastia. 

A la base, le Viseen moyen, « V2a » : calcaire beige oolithique en 
gros banes, surmonte par un mince lit argileux pyriteux, denomme 
«Banc d'or de Bachant ». 

Viseen moyen « V2b)) a, B et y, a structure rythmique, zone a 
Quasiendothyra nibelis - Archaediscus stilus. 

POINT 2 (fig. 1). 

Yvoir, rive gauche 50 m en amont du pant d'Yvoir, derriere une 
cabine d'electricite. 

Fig.1 COUPE D'ANH~E-MOULINS 
s N 

Namur _____. 

som. I 
Pont d'Vvoir 

HP. ---oTnanl 

Fig. 1 

a) Grosse sequence du « V2b )) moyen ( « V2b )) B) a Archaediscus 
stilus abondants et rythmes superieurs « V2b » y. Dix metres de 
calcaires bleus organoclastiques sont surmontes par 10 m de calcaires 
bleus cryptiques avec un mince lit argileux caracteristique de la partie 
superieure de cette sequence qui forme le « V2b »B. 

C'est la zone a Archaesdiscus stilus - Forschiella prisca qui est sur
montee par la zone a Archaediscus convexus - Endothyra convexa du 
«V2b »y. 
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b) Au Sud, la « Grande breche » v1seenne ( « V3a »~) ravine les 
banes superieurs a cherts du « V2b »y. 

POINT 3 (fig. 1), dans le prolongement du point 2. 

Route de Namur-Dinant au nord de l'entree de la vallee de la 
Molignee ; serie de 2 carrieres et cour et jardin de 2 anciens hotels 
(Eden-Roe) jusqu'au jardin du Moulin. Du Nord au Sud: 

a) « V3b » inferieur ( « V3b »a) a structure rythmique et peu epais 
(19 m); 6 minces sequences de calcaires bleus organoclastiques et 
cryptitiques finement rubanes (varvoldes) (0 a 6), a nombreux cherts 
noirs et minces lits de kaolinite (zone a Howchinia-Archaediscus gigas). 

b) « V3b » moyen ( « V3b »~) rythmique a predominance de cal
caires beiges. Ce sont des calcaires d'origine algaire qui sont parfois 
brecholdes (sequences A a K, a phases organoclastiques tres reduites). 

Au sommet, zone a Neoarchaediscus incertus - Tetrataxis acutus. 

c) 4 minces lits charbonneux qui se succedent sur 2 metres couron
nent ce niveau. 

d) « V3b » superieur ( « V3b »y) « Gris-banes » de la partie infe
rieure a structure rythmique. 8 sequences (-2 a 5) de calcaires bleus 
organoclastiques et cryptitiques finement rubanes (varvoldes) ; un lit 
charbonneux vers la base (sequence 0). Zone a Neoarchaediscus incer
tus - Cribrostomum lecomptei a la base et zone a Saccamminopsis 
carteri - Bradyina rotula de la sequence + 2. 

POINT 4 (fig. 2). 

Carriere Watrisse, en face de l'ecluse d'Anhee-jonction, le long de 
la route de Namur a Dinant. 

De la base au sommet : 
a) 4 lits charbonneux du sommet du « V3b »~ qui se succedent sur 

2 metres; 
b) V3b superieur (V3by) «Gris-banes» et « Bleu-belge » dans 

la carriere souterraine a sedimentation rythmique ; 11 sequences de 
calcaires bleus organoclastiques et cryptitiques finement rubanes (var
voldes) ( -2 a 8) nombreux fossiles et cherts a la partie superieure. 
Zones a Neoarchaediscus incertus - Cribrostomum lecomptei (sequence 
- 2) et a Saccamminopsis carteri - Bradyina rotula (sequence + 2). 
Presence de Gnathodus commutatus nodosus des la base du V3by. 

c) « V3c » inferieur (7 m) ; 4 sequences de calcaires noirs orga
noclastiques et cryptitiques. Zone a Loeblichia et a Cavusgnathus. 

d) Debut du « V3c » superieur normalement epais de 13 m. 
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A nhee - jonc f ion Fig. 2 
carriere watrisse 

S. N. 

som. 

Fig. 2 

POINT 5 (fig. 3, empruntee a R. Conil 1968). 

Carriere De Jaiffe a Warnant. 

Nomut; 
H.P. 

C'est a cet endroit que fut recoltee par F. Demanet (1938 et 1958) 
la celebre faune des «couches de passage» du Dinantien au Namurien. 
De bas en haut (fig. 3) : 

a) Dans la carriere souterraine : Calcaire gris-noir formant les 
2 dernieres sequences du « V3b » y (7 et 8). Les banes de calcaires 
bleu fonce a noir, a texture assez fine, sont plus OU moins veines de 
calcite en raison des contraintes tectoniques ; ils prennent un beau poli 
et sont exploites sous le nom de « Bleu-belge ». 

b) La tranchee d'acces a la Carriere souterraine expose 7 ill de 
calcaires noirs du V3c inferieur bien stratifies avec cherts noirs clans 
la partie superieure. Les Foraminiferes deviennent de plus en plus 
rares et font place aux Conodontes remarquablement conserves. 

Le bane 55 renferme les premieres Loeblichia associees a une faune 
tres variee d'Archaediscidae. Plusieurs especes nouvelles ont ete 
decrites en provenance de ce bane. F. Demanet signale a ce niveau 
Goniatites striatus Sow. : « V3c » inferieur. 

Il faut ensuite gravir les deblais de la carriere par un chemin d'exploi
tation pour arriver a un puits abandonne OU apparait le passage au 
Namurien. 
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c) 8 m d'alternances de banes et de Ientilles de calcaires £onces 
plus ou moins siliceux avec des schistes noirs et des phtanites. 

La moitie superieure plus schisteuse renferme des nodules phospha
tes assez nombreux. Un bane calcschisteux a Martinia forme le sommet 
du V3c (102). Les conodontes sont abondants dans les calcaires 
(Cavusgnathus, Gnathodus bilineatus, Gnathodus girtyi, etc ... ) (voir 
Bouckaert & Higgins 1963). 

F. Demanet signale notamment, bane : 75 Goniatites spiralis; 
78 Goniatites granosus; 86 Goniatites granosus; 93 Goniatites subcir
cularis et Goniatites newsoni; 97 Leiorhynchus carbonarius polypleurus; 
99 Caneyella membranacea; 102 Martinia aff. glabra. 

d) Schistes greseux non fossiliferes (5 m). 

e) Schistes bruns ampeliteux du Namurien: Eumorphoceras bisulca
tum bisulcatum, Eumorphoceras bisulcatum ferrimontanum ; Eumor
phoceras bisulcatum grassingtonense ; Cravenoceras cowlingense 
(Bouckaert & Higgins) : Nm (E2al). 

Aucun fossile de la zone E 1 n'a ete rencontre a cet endroit ni ailleurs 
en Belgique. L'etude de Bouckaert et Higgins (1963) a montre quelle 
etait la position exacte des premiers gites namuriens dans le bassin 
de Dinant. 
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Excursion held 21-22 April 1969. 

General Outline of the Limnic Coal Basin of Saarland 

G. KNEUPER 1 

With 3 text-figures. 
ABSTRACT. 

The Saar Basin first formed part of the area of sedimentation of the Rhenish 
Schiefergebirge during Devonian times. Middle and Upper Devonian limestones 
600 m thick, lie on a granite belonging to the Mid German Swell ( « Mitteldeut
sche Schwelle ») and these are followed by ca. 150 m of black shales representing 
the highest Devonian and the Lower Carboniferous. Namurian and Westphalian 
limnic coal-measures show a sediment derivation from the Rhenish Schieferge
birge in the NW, and mark the infilling of the Saar Basin, independent from the 
Ruhr Basin on the other side of these mountains. These grey sediments were 
mainly formed in the southwestern part of the basin. They thin against a NE
SW oriented swell in the centre of the basin which was uplifted in the north
eastern part at the end of Westphalian D to the extent that erosion took place. 
With the Holz Conglomerate, formed after the erosional interval, a different 
sedimentary sequence commenced. It is characterized by red beds, the paucity 
of coals (which are linked to the few grey intercalations) and, particularly, by a 
sediment derivation pointing to the southeastern hinterland as the main source. 
The erosional interval below the Holz Conglomerate equates with a large part 
of the lower Stephanian sensu Jato, viz. all of the « Cantabrian » and, probably, 
also the basal part of « Stephanian A ». The following Stephanian succession is 
closely linked to the Lower Rotliegendes, the only main difference being a 
general shift of the basin centre towards the NE. Folding took place during the 
Saalian Phase, between Lower and Upper Rotliegendes, and this produced the 
Main Saarbriicken Anticline ( « Saarbriicker Hauptsattel ») on the site of the 
earlier, Westphalian, swell in the centre of the basin, and an associated overthrust 
of several kilometres displacement. 

RESUME. 

A l'origine le bassin de la Sarre formait une partie de la region de sedimen
tation du massif schisteux rhenan pendant le Devonien. Des calcaires du Devo
nien moyen et superieur, avec une epaisseur de 600 m, reposent sur des granites 
appartenant a la « Mitteldeutsche Schwelle » et qui sont suivis par 150 m 
environ de schistes noirs representant le Devonien terminal et le Carbonifere 
inferieur. Des sediments houillers limniques du Namurien et du Westphalien 

1 Geologische Abteilung, Bergingenieurschule, Trierer Strasse 4, 6600 
Saarbriicken, Postfach 1030, Germany. 
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demontrent que les sediments proviennent du Massif schisteux rhenan dans le 
nord-ouest et marquent le remplissage du bassin de la Sarre, independant 
du bassin de la Ruhr situe de l'autre cote de ce. massif. Ces sediments grisatres 
se sont formes surtout dans la partie sud-ouest du bassin. Ils s'amincissent dans 
le centre du bassin vers un seuil oriente NE-SO, qui fut souleve dans la partie 
nord-est vers la fin du Westphalien D de sorte que !'erosion put y avoir lieu. 
Le conglomerat de Holz depose apres la phase d'erosion annonce le debut d'une 
autre serie de sediments. Elle est caracterisee par des couches rouges, par la 
pauvrete en charbon (qui est lie aux quelques intercalations grisatres), et parti
culierement par une provenance sedimentaire indiquant, comme source princi
pale, un arriere-pays situe au SE. L'intervalle d'erosion precedant le conglo
merat de Holz correspond a une grande partie du Stephanien inferieur sensu 
lato, a savoir tout le « Cantabrien » et, vraisemblablement, aussi la partie basale 
du Stephanien A. La succession suivante du Stephanien est liee etroitement au 
Rotliegendes inffrieur, la seule difference importante etant un deplacement du 
centre du bassin vers le NE. Des plissements ont eu lieu durant la phase saa
lienne, entre le Rotliegendes inferieur et le Rotliegendes superieur, ce qui crea 
l'Anticlinal principal de Sarrebriick a l'endroit de l'ancien seuil westphalien 
au centre du bassin, ainsi qu'un chevauchement associe qui montre un depla
cement de quelques kilometres. 

I. INTRODUCTION 

The Saar Basin of Southwest Germany forms a single geological 
unit with the adjoining Lorraine Basin of France. Nevertheless, there 
are clearly marked differences in the sedimentary as well as in the 
structural development of these areas. The geological boundary separ
ating the two regions follows approximately the valley of the Saar river 
between Saarbriicken and Volklingen (text-fig. 1) and runs perpendi
cular to the strike of the basin. The following account is restricted to 
the Saar Basin northeast of this boundary. 

II. SEDIMENTARY AND TECTONIC HISTORY 
OF THE SAAR BASIN 

Upper Carboniferous sediments, both fine and coarsely elastic, are 
found in outcrop over a large area in the northwestern limb of the 
Main Anticline of Saarbrticken (Saarbrticker Hauptsattel of the German 
literature). Although it was generally accepted in the past that the 
coarsely elastic and poorly productive St. Ingbert Coal Measures would 
represent the basal coal-bearing strata of the basin, it is presently 
known, after a deep borehole, that these measures are underlain by 
coal-bearing deposits of lower Westphalian and Namurian ages. 

The subsurface of the Saar Basin is formed by approximately 600 m 
of limestone dating from the Middle to Upper Devonian and which are 
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followed by some 150 m of black shales, probably representing the late 
Upper Devonian and Lower Carboniferous. These sediments are com.:. 
parable to beds of the same ages found in the Rhenish Schiefergebirge. 
They were deposited on top of an aplitic albite granite which belongs 
to the Mid German Swell. 

The Namurian and Westphalian rocks of the Saar Basin constitute 
a unit different from the Stephanian strata which show clear links with 
the Lower Rotliegendes. The boundary between the two major units lies 
at the Holz Conglomerate (text-fig. 2). Above the Lower Rotliegendes 
an even clearer separation follows as the result of the Saalian folding 
phase. Upper Rotliegendes passes gradually upwards into the Buntsand
i;:tein of the Lower Triassic. The sedimentary sequences mentioned are 
covered and preserved by the marine sediments of the Muschelkalk 
(Middle Triassic). 

The boundaries of the main lithostratigraphic units in the Saar Basin 
do not coincide with the systemic boundaries, and it has not yet been 
possible to determine the exact position of the Carboniferous/Permian 
and Permian/Triassic boundaries in this area. 

The Namurian and Westphalian succession contains conglomerates, 
sandstones, siltstones and lutites as well as intercalated coal seams. 
These rocks are grey and black in colour. Despite the occasional 
horizon of finely laminate sediments, showing quiet and presumably 
rather widespread conditions, there is a general tendency for strong 
facies changes, and only the presence of tonstein bands (i.e. Kaolin
Kohlentonstein) permits a regional correlation as these marker bands 
are followed throughout the basin. Plant fossils are common and 
diverse, but have failed thus far to be useful for the correlation and 
delimitation of minor sequences. Palynological methods have also 
proved to be inadequate in this respect. On the other hand, the major 
parts of the succession can be identified without difficulty. 

Within the Namurian and Westphalian succession a clear increase 
in thickness has been noted along the strike of the basin, from NE to 
SW, and this is the result of stronger subsidence in the southwestern 
part of the basin. It is interesting that the thickness and number of 
coal seams also increases southwestwards. Besides, a strongly marked 
increase in the thickness of elastic sediments has been observed from 
the core of the Saarbriicken Anticline outwards, at right angles to the 
strike. This is probably due to an early manifestation of the anti
clinal region which apparently functioned as a synsedimentary swell 
well before diastrophic movements produced the anticline. There is no 
uniform increase in the thickness and number of coal seams away from 
the swell, and conditions have proved to be more complex than those 
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controlled by subsidence alone. On the swell the peat bogs appear to 
have been subject to oxidizing influences, and the coals are corres
pondingly thinner and richer in resins and waxes. Away from the 
swell there is at first a facies of thick seams characterized by humolithic 
banded coals, and this is followed by a more distant zone with thinner 
coals showing sapropelic influences. Independent from these three 
zones of different coal formation there is a general increase in the 
thickness of sterile measures between the seams. 

A biostratigraphical comparison between the successive floras in 
the Saar Basin and in Northwest Spain has shown the presence of a 
stratigraphic break starting at the top of Westphalian D, and compris
ing all of the Cantabrian (sensu Wagner 1969) as well as, probably, 
the earlier part of Stephanian A. During this time the sedimentation 
in the Saar Basin was interrupted and erosion took place in the core 
of the future Saarbrticken Anticline ; thus producing an erosional dis
conformity at the base of the (incomplete) local Stephanian sequence. 
Only uplift took place and there can be no question of an Asturian 
folding phase, as mentioned in the earlier literature. 

The Stephanian rocks deposited show the following characteristics 
as opposed to those of the underlying Namurian and Westphalian 
strata: 
- red and green colours of the sediments with subordinate grey beds. 
- occurrence of only a few coal seams linked to the grey intercala-

tions. 
- rarer presence of conglomerates. 
- clearly more mature sediments formed under conditions of lower 

energy. 
- occurrence of dolomitic limestones and marls. 

The petrographic composition shows that the Stephanian strata are 
also derived from a different sedimentary source. Whereas the Nam
urian and Westphalian beds derived practically all their material from 
the Rhenish Schiefergebirge to the north, the Stephanian sediments 
originated from a crystalline basement area on the southern rim of the 
basin. This area is hidden from direct observation by the Triassic cover 
of the northern Vosges. 

During the Lower Rotliegendes (Lower Permian) the same kind of 
sedimentation was continued from the Stephanian, with minor differ
ences, but the centre of the basin experienced a shift to the north
east. Southwest of the Saar river no Rotliegendes was deposited at all ; 
but 40 km northeast of Saarbri.icken a thickness of ca. 1500 m is 
already reached. 
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The early initiation of the Main Saarbrlicken Anticline as a positive 
area produced variations in thickness and facies which naturally exerted 
an influence on the tectonic structure when the area was folded at 
the end of the Lower Rotliegendes. The coal seams provided ideal 
locations for bedding slip during the folding, and these slipped horizons 
converged with the general thinning of the sequences towards the swell 
and combined to form a large dislocation which thrust the northwestern 
limb of the anticline over the southeastern limb, with a displacement 
of several kilometres. Associated with this overthrust are diagonal 
strike-slip faults. At the end of the Saalian folding phase the anticline 
was broken up by numerous normal faults of greater and lesser 
importance. 
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2e PARTIE 

3e Seminaire C.I.M.P. 
sur la Stratigraphie du Paleozolque 





Report on the Proceedings of the 8th Reunion 
of the Commission Internationale de Microflore 

du Paleozoique (C.I.M.P.) 
Liege, 13-16 April, 1969 

R. NEVES 1 , General Secretary 

The 8th Reunion of C.I.M.P. was held in Liege during April, 1969 
at the invitation of the University of Liege and the Institut National 
des Industries Extractives (l.N.I.E.X.). Programme and accommodation 
arrangements were made through the good offices of Professors S. 
Leclercq and P. Stassen. In particular, the Commission is indebted to 
Drs. M. Streel and R. Noel, for their organisation which contributed 
largely to the success of the meetings. 

The hospitality of our hosts was also manifest at receptions provided 
by I.N.l.E.X., the University and the Maire of the City of Liege. 

Before the meeting, an excursion was held in the Ourthe valley 
(13th April). 

PROGRAMME 

1. Opening Session 

Professor S. Leclercq, graciously welcomed the Commission to Liege 
on behalf of the hosts and Professor R. Potonie (President, C.I.M.P.) 
in his reply recalled the productive and enjoyable previous meeting 
held in Liege in 1962. 

Apologies for absence were received from : K.C. Allen, M.A. 
Butterworth, W.G. Chaloner, E.V. Chibrikova, J.W. Church, A. Com
baz, M.G. Mortimer, R. Neves, P. Pierart, J.B. Richardson, A.H.V. 
Smith, F. Stockmans, Y. Stockmans-Williere, H.J. Sullivan, J. Tau
gourdeau-Lantz, B.V. Timofeev and J.B. Urban. 

1 Department of Geology, The University, St George's Square, Sheffield 1, 
England (U.K.). 
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2. Third C.I.M.P. meeting on Palaeozoic Stratigraphy 

Two projects (A and B) which had been selected some twelve 
months prior to the meeting, provided the theme for papers and 
discussion. 

The proceedings opened with three general lectures which were 
given by invitation : 

M.A. Calver (Institute of Geological Sciences, U.K.) : « The Palaeontological 
Basis for Correlation in the Westphalian ». 

B. Owens (Secretary, Strat. Working Group, C.I.M.P.): «A Review of the 
Palynological Methods Employed in the Correlation of Palaeowic Sediments • 
(see page 99 in this volume). 

B. Alpern (CERCHAR) : «Le Concept de Biozone » (see page 81 in this 
volume). 

Project A - « Palynological Characteristics of the Westphalian Boun
daries » Project Organiser : B. Alpern. 

The following contributions were read : 
B. Alpern: « Palynological Zones in the Lorraine Basin•. 

M. Kaiserova-Kalibova : «Upper Westphalian Miospore and Megaspore 
Sequences of Czechoslovakia» (see page 289 in this volume). 

B. Owens : « Palynological Features of the Westphalian A/B Boundary in 
Britain». 

In the subsequent discussion the value of miospores for the recogni
tion of the Westphalian boundaries locally, was emphasised. Several 
contributors, however, drew attention to qualitative/quantitative differ
ences which became apparent when inter-basinal comparisons were 
made, i.e. absence of Schulwspora in Westphalian A ,of Northern 
France (S. Loboziak). 

Bearing in mind the wealth of information available, it was generally 
considered worthwhile to continue the project by dealing with indivi
dual boundaries in turn. 

A detailed report of the project proceedings is given by Dr. Alpern 
on page 91 in this volume. 

Project B - « Palynology of the Devonian/Carboniferous Boundary 
Measures » Project Organiser : M. Streel. 

A considerable response in the form of papers for verbal present
ation and written contributions, reflected current interest in micro
floras of this age. The report of Owens & Streel on the proceedings 
of the project meetings (see page 113) summarises the papers given. 

Significant additions to the record of occurrence of the Hymenozo
notriletes lepidophytus, Strunian assemblage, include Bear Island 
(Tunheim Series), Maritime Provinces of Canada (lower Horton Group), 
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Southern Ontario (Berea Sandstone), Yukon (Imperial Formation), 
Southern Eire (Old Red Sandstone), Northern Devon (Baggy and Pilton 
Beds) and Bristol district, U.K. (Old Red Sandstone). 

These new data are classified and discussed by Streel (see page 121). 

Several papers on this subject are included in that part of this 
volume relating to the meetings of the l.U.G.S. Subcommission on 
Carboniferous Stratigraphy. 

3. C.I.M.P. (Spores): General Assembly 

Reports on the activities and conclusions of the following working 
groups were presented by the organisers : 

i. Recommended Morphographic Terminology - H. Grebe 

The final report was now completed and comprised sections on definition 
of terms, recommended terms, synonyms and language equivalents. Each 
morphographic feature is illustrated and « typed » by reference to a specific 
taxon. 

ii. Maceration Techniques - M. Streel 

Dr. Streel discussed the results of an oxidation project which had used 
an Upper Devonian shale from the Polignac Basin, Sahara, as basic material. 
The qualitative and quantitative characteristics of the residues which had 
been obtained by diverse treatment in eight laboratories, had been measured 
and compared. Details have been circulated by Dr. Streel. 

iii. Cuticles - J. Doubinger 

A Progress Report. 

iv. Classification - M. Muir (for W.G. Chaloner) 

The report on replies to a circular prepared by the organiser (W.G. 
Chaloner) was read by Dr. M. Muir. During the discussion Professor 
R. Potonie drew attention to the value of botanical affinity information 
and Dr. Owens presented the arguments for and against the interim use 
of a supra-generic system based on alphabetic grouping. 

v. • Lycospora » - Y. Somers 

Mlle. Somers presented the terminal report of the working group which 
makes sweeping synonomy recommendations. The position of the genus in 
relationship to Aneurospora, Bellispores, Cingu/izonates, Cirratriradites, 
Crassispora, Cristatisporites, Radiizonates and Savitrisporites is also discus
sed in the report. 

vi. Monoletes - B. Alpern and J. Doubinger 

A comprehensive final report on the monolete genera - Laevigatospo
rites, Thymospora, Torispora, Crassosporites, Punctatosporites, Spinoso
sporites and Speciososporites - was presented. Detailed synonymies were 
given and recommendations made, i.e. three species of Laevigatosporites 
should be used and are defined on 'arbitrary size limits - L. perminutus 
(15-20 µ), L. vu/garis (20-90 µ) and L. maximum (90-180 µ). 
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4. C.I.M.P.: Sub-Commission ACRITARCHA 

Honorary Secretary - Dr. S. Jardine, Laboratoire Exploration 
- E.L.F.-RE., 31-Boussens, France. 

Three reports were presented to the Sub-Commission and substantial 
discussion ensued. · 

i. Excystment Openings - T.R. Lister 

New evidence was presented concerning the presence and nature of excyst
ment openings in certain forms of the Acritarcha. Particular reference was 
made to some British Silurian species and the orientational significance 
and possible structural control outlined. Some parallelism with dinofla
gellate apertures was noted. 

In the subsequent discussion, two widely separated positions were apparent. 
S. Jardine questioned any implication of homology with the dinoflagellates, 
whilst W.A.S. Sarjeant on the other hand, considered that the evidence 
demonstrated the phytoplanktonic affinity of the acritarchs and in view 
of this, the Group name Acritarcha should be suppressed. 
The general conclusion of the meeting was that further evidence was 
clearly necessary and information should be obtained on a broader scale. 

ii. Diacromorphitae - F. Martin and M. Vanguestaine 

A Progress Report - Work to Continue. 

iii. Acanthomorphitae - T.R. Lister and W.A. Sarjeant 

A Progress Report - Work to Continue. 

In view of the unfinished business, it was agreed that a further 
meeting should be arranged and held in 1970, probably in Nottingham. 

5. Concluding Remarks 

In the absence of the Secretary General, Dr. B. Alpern reviewed 
the activities of the two days and outlined plans to produce the 
C.l.M.P. (Spores) Atlas. Terminal reports referred to above should 
appear in the first part of the Atlas. 

Future activities of the Stratigraphy Working Group will include 
additional project work, and the following three projects have been 
proposed: 

Project C - « Lower/Middle Devonian Boundary » 

Organiser : Dr. J.B. Richardson, Department of Geology, King's 
College, University of London, The Strand, London. 

Project D - « Tournaisian/Visean Miospore Assemblages » 

Organiser : Dr. K. Gueinn, Department of Geology, The Univer
sity, Mappin Street, Sheffield. 
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Project E - «The Westphalian A/B Boundary» 

Organiser : Dr. S. Loboziak, Laboratoire de Paleobotanique, 
Faculte des Sciences, B.P. 36, 59-Lille, France. 

All palynologists wishing to contribute to and be informed of the 
group activities, should contact the organisers. It is anticipated that 
progress reports and conclusions will be available for publication 
in 1971. 

In conclusion the writer wishes to endorse the thanks and appre
ciation expressed by Professor Potonie (President) at the meeting on 
behalf of the Commission, to the hosts, the University of Liege and 
I.N.I.E.X., for their hospitality and excellent accommodation. 
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Notes sur les concepts d'espece et de biozone 
(Contribution au 3e seminaire C.I.M.P. sur la Stratigraphie 

du Paleozolque) 

B. ALPERN 1 

Avec 1 figure dans le texte. 

I. QUELQUES THEMES DE REFLEXION 
ET DE DISCUSSION SUR LE CONCEPT D'ESPECE 

1. - L'importance accordee a l'holotype de l'espece par le Code 
International de Botanique traduit une influence linneenne (pre-Dar
winienne et fixiste) sensible. 

2 - L'attribution d'un individu a une espece revient a apprecier un 
certain degre de ressemblance entre cet individu et l'holotype. Cette 
appreciation des degres d'analogie et de la variation qu'on peut admet
tre autour de l'holotype est subjective. Elle depend de !'experience et 
des conceptions de !'auteur. 

3 - L'espece est done conventionnelle (mais non pas gratuite), elle 
n'attend pas dans la nature son identification,· elle correspond a un 
concept resultant de l'activite de !'esprit humain. 

4 - II faut distinguer la bioespece neontologique extraite de son 
contexte evolutif et la chronoespece paleontologique integrant le facteur 
temps et !'evolution (cf. concept de biozone). 

5 - La bioespece ou neoespece est definie par l'interfecondite 
(Gamodeme). Celle-ci n'est souvent que potentielle, on admet en neon

. tologie qu'une variation genetique se traduit par une variation morpho
graphique. Toutes les paleoespeces sont morphographiques. 

6 - L'espece correspond a une vaste population en constante evolu
tion phyletique. 

7 - Les especes sont generalement trop nombreuses. Le progres 
des connaissances se traduit par une reduction de leur nombre. Le 
centrage trop etroit sur l'holotype conduit a creer des noms nouveaux 
dans chaque bassin nouveau. 

8 - L'extension chronologique absolue d'une morphoespece est 
l'intervalle entre deux morphoespeces qui ne se chevauchent pas. 

1 CERCHAR, Verneuil-en-Halatte (Oise), France. 
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9 - La hierarchie des caracteres ne s'etablit pas arbitrairement et 
a priori ; elle se deduit empiriquement des donnees du terrain. 

* ** 
« ... dans un continuum phylogenetique une espece est une sorte de 

zone nebuleuse et variable en incessante transformation ne presentant 
auc;:v.ne limite precise chronologique, morphologique ou genetique avec 
les· tones precedentes ou suivantes » Jepsen 1943 (1). 

* ** 
« .. . le seul critere logique pour la dimension et la definition de la 

categorie taxinomique en paleontologie est son utilite »Arkell 1956 (1). 

II. LE CONCEPT DE BIOZONE 
EN PALYNOLOGIE HOUILLERE 

Si le concept d'espece a fait couler beaucoup d'encre, celui de 
biozone qui lui est pourtant etroitement lie, bien que largement discute 
manque souvent encore de precision. 

Dans le domaine de la palynologie houillere la biozone presente 
certains caracteres particuliers. En effet lorsque les charbons sont 
macerables ils renferment souvent des millions de microspores par 
gramme de sediment. De ce fait les lois de la statistique jouent pleine
ment et on peut, sur la base de la loi de Poisson - cas particulier de 
la loi binomiale - esperer determiner le moment vrai d'apparition 
d'une espece (voir tableau ci-dessous). 

En outre le coefficient de tassement eleve de la matiere organique 
par rapport a la matiere minerale fait de chaque veine de houille un 
condense de l'histoire evolutive de la flore fossile. L'image detaillee de 
cette flare s'est inscrite avec precision dans le sediment par l'interme
diaire des quantites enormes de spores emises chaque saison et disper
sees largement par le vent et par l'eau principalement sur le domaine 
continental mais aussi dans le domaine marin. 

Dans le cas d'une serie houillere continue, sans discordance ni 
lacune, la biozone pourra se decomposer en trois parties selon le 
schema ci-dessous (voir fig. 1) : 

Zone d'apparition (zA) marquee par la presence discontinue puis 
quasi-continue d'individus toujours tres peu nombreux. 
Zone d' expansion (zE) correspondant a l'epibole du taxon et dans 
laquelle les evenements quantitatifs ont une signification plus ecolo
gique que stratigraphique. 

(1) Ces 2 citations sont extraites de « The species concept in Palaeontology » 

System. Assoc. Publ., G.B., n° 2, 1956. Traduction B.R.G.M. n° 2168 a 2184. 
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- Zone de regression (zR) analogue a zA mais souvent beaucoup plus 
longue. 

Ces trois zones permettent de tracer 4 niveaux principaux : 
- le niveau d'origine reelle 0 
- la base de l'epibole Eb 
- le sommet de l'epibole Es 
- le niveau de fin reelle F 

Le niveau Eb peut etre considere comme fournissant le meilleur plan 
de correlation stratigraphique. On peut supposer en effet que la plante 
connait alors un developpement important lui permettant d'occuper 
tres vite l'integralite de son espace paleogeographique naturel. Dans ce 
domaine - essentiellement continental - la pluie de spores ne le 
cede en rien a la pluie de cendres (tonsteins volcaniques) qu'on lui 
oppose souvent dans le cadre des methodes chronostratigraphiques 
lorsqu'on les compare aux methodes biostratigraphiques. 

En plus des 4 niveaux principaux on peut egalement distinguer d~ux 
niveaux secondaires : 
- le niveau d'origine apparente 0' 
- le niveau de fin apparente F' 

Lorsque le nombre de spores «n» est tres grand (cas frequent pour les 
charbons) 0' tend vers 0 et la biozone apparente devient la biozone 
reelle. 

Lorsque sous la biozone d'une espece E, des millions d'individus on1 
ete recenses sans que E ait ete rencontre, on peut affirmer statistique· 
ment !'absence de E. Dans ce cas le critere d'absence a la meme signi· 
fication et a peu pres la meme valeur pratique que le critere de presence. 

En effet la frequence F (99 % ) qui est egale a 4,6/n devient prati· 
quement nulle (apparition vraie) lorsque le nombre n de spores vues 
sous la biozone est extremement eleve. 

C'est le plus souvent : 
- !'imprecision ou !'incertitude qui regnent en ce qui concerne les 

zones d'apparition et de regression. 
- la confusion des niveaux 0, O' ou Eb, qui explique certains 

echecs de la methode biostratigraphique en general et de la palyno
logie en particulier. Ceci sans parler d'une conception de l'espece 
generalement trap etroite. Une conception correcte de la biozone est 
d'une grande importance pour les correlations regionales. Une bonne 
conception de l'espece est d'une grande importance pour les correla
tions interregionales. 

83 



::
--

-"
 

0
0

 
.j:

>.
 

S
IG

N
IF

IC
A

T
IO

N
 S

T
A

T
IS

T
IQ

U
E

 D
U

 P
O

IN
T

 D
'A

P
P

A
R

IT
IO

N
 D

'U
N

E
 E

S
P

E
C

E
 E

 

P
ro

ba
bi

li
te

 a
 99

 %
 

de
 r

en
co

nt
re

r 
en

co
re

 l
' e

sp
ec

e 
E

 
so

us
 s

a 
bi

oz
an

e 
tr

ac
ee

 
em

pi
ri

qu
em

en
t 

da
ns

 
un

 b
as

si
n 

(v
oi

r 
fig

. 
1)

 

N
om

br
e 

to
ta

l 
(n

) 
de

 
sp

or
es

 v
ue

s 
so

us
 l

a 
bi

oz
on

e 
de

 E
 

(d
on

e 
sa

ns
 E

) 

n 
=

 
50

 
n 

=
 

50
0 

n 
=

 
5 

00
0 

n 
=

 
50

 0
00

 
n 

=
 

5
0

0
0

0
0

 
n 

=
 

5 
00

0 
0

0
0

 

n 
y 

a 
99

 %
 d

e 
ch

an
ce

s 
qu

e 
la

 f
re

qu
en

ce
 r

ee
ll

e 
F 

%
 

so
it

 i
nf

er
ie

ur
e 

a 

10
 

%
 

1 
%

 
0,

1 
%

 
0,

01
 

%
 

0,
00

1 
%

 
0,

00
01

 
%

 

L
oi

 b
in

om
ia

le
 (

ca
s 

ge
ne

ra
l)

 :
 F

0
, 9

9 
=

 
1 

-
0,

01
1
/n

 

L
e 

ni
ve

au
 c

or
re

sp
on

da
nt

 
pe

ut
 e

tr
e 

co
ns

id
er

e 
co

nv
en

ti
on

ne
ll

em
en

t 
co

m
m

e 

ni
v.

 
E

b
: 

ba
se

 d
e 

zo
ne

 z
E

 (
ep

ib
ol

e)
 

I J. 

zo
ne

 d
'a

pp
ar

it
io

n 
zA

 
ni

v.
 E

b
 ~
 n

iv
. 

0 
si

 n
 ~
 

oo
 

ni
v.

 
0 

: 
ni

ve
au

 
d'

or
ig

in
e 

re
el

le
 

L
oi

 d
e 

P
oi

ss
on

 (
ca

s 
re

la
ti

f 
au

x 
ev

en
em

en
ts

 r
ar

es
, 
il
 s

'a
pp

li
qu

e 
do

ne
 b

ie
n 

au
 p

ro
bl

em
e 

de
 l

a 
pr

em
ie

re
 a

pp
ar

it
io

n 
d'

un
e 

es
pe

ce
) 

: 

4,
61

 
5 

F
o

.9
9

 
=

 
-
-

'.:::::
:'. 
-
-

n 
n 

C
es

 f
or

m
ul

es
 

et
 v

al
eu

rs
 n

'o
nt

 d
e 

se
ns

 
qu

e 
pa

r 
ra

pp
or

t 
a 

un
e 

se
ri

e 
li

th
ol

og
iq

ue
 h

om
og

en
e 

sa
ns

 d
is

co
rd

an
ce

 n
i 

la
cu

ne
. 



:z 
0 
Cf) 
:z 
~ x 
w 

w 
:z 
~ 

w 
:z 
2 

a:: 
N 

<{ 
N 

F 
I 
I C\J Prtisence elt"scontmve 
I a: I N J'1o'iv1er11s r.;r.zs "'" 1.soltls 

: ~iv~v ..:'" _!:ir ~~r~- ___ F' 
-0: 
N 

C\l 
<t 
N 

l'reseqce 'lvt13i- contin"e 

I,,d,,,lo'vs P"~ 160,,d.1'1/s 
,t <(% 

.sonN11fll' d lpi,o/'1 E S . 

Ino'ivid11s :t: nomJr1111K, 

t:'OllS~t1n/.s O" Tnt.S Yo1N16/es 

If "P"'~ rr" /-"lion ,IN'O~orbiume lie. 

!re'.s1Mce 9vJsi- c-tmbnv11 

.r,,u,'.,,olvs peu o11'°'1d.1ni:s 
L -lo/. 

E.b 

I 
I 

11::_c~_elori91"::_ ... ee='':'.."'~ _ _ Q' 

I~ Pre'.se,,ce dt:Sconb"t?ve 

IN 
I 
I 
I Hi11e.w 0 

Fig. 1. - Divisions d'une biozone (B. Alpern, Congres de Prague, 1968). 

I 
j /lJJ 
lJJ --' 
t-

<( 

a: t-

0: 0 
t-

lJJ lJJ 
z z 
0 0 

E3 N 
0 

co co 

I 

I 

+ 

85 



III. COMMENTAIRES 

Il me parait utile d'ajouter en outre les quelques considerations 
ci-dessous. 

Lorsqu'un paleontologiste trace la ligne d'extension d'un taxon 
il utilise qu'il le veuille ou non un mode de representation quantitatif 
et non qualitatif comme il le pretend souvent a tort. Simplement ce 
langage quantitatif est sch6matise a !'extreme avec un systeme binaire 
n'utilisant que le couple « present-absent». 

En fait, et j'espere l'avoir bien demontre, le debut d'une ligne 
d'extension (meme non quantitativement figuree) revet des significa
tions tres diverses selon le nombre d'individus recenses. 

J e ne pretends pas imposer a to us les palynologues, comme le 
· comprennent a tort certains, !'obligation de recenser des millions d'indi

vidus avant de faire des zones, mais je crois utile de leur demander de 
ponderer ou de nuancer la signification de leurs lignes d'extension en 
fonction de ce qu'ils auront eu la possibilite de recenser. Il suffirait 
d'afficher le nombre de spores vues sous une biozone pour savoir si 
on est proche d'un niveau d'origine vraie, d'origine apparente ou de 
base d'epibole. 

Il s'agit d'affiner un langage, un mode de representation mais non 
de changer la methode palynologique. 

Pour definir correctement une espece il faudra done integrer toutes 
les variations que celle-ci presente durant la periode de temps corres
pondant a sa biozone totale. Plus encore ce sera la somme de tous les 
caracteres releves dans !'ensemble des localites ou ces biozones ont ete 
tracees. Ainsi par exemple Thymospora thiessenii apres revision sera 
definie par la totalite des variations presentees tant dans !'Illinois 
qu'en France, en Pologne et en Chine. 

La connaissance correcte de ces zones d'extension montre souvent 
que l'holotype est totalement decentre par rapport a la biozone de 
l'espece correspondante. C'est le cas par exemple de P. minutus, defini 
a la base du Westphalien B, done dans le pedoncule de la biozone, a 
partir d'une population inexistante alors que l'epibole se situe dans le 
Westphalien C et D. 

Nous pourrions, a la CIMP, decider d'utiliser parfois dans de tels cas 
des types de reference centres a posteriori tant morphographiquement 
que chronologiquement. Leur grande abondance permettrait alors de 
diffuser des lames de reference a tous les palynologues desireux d'eviter 
la creation de nouvelles synonymies. 

Pour terminer enfin je voudrais dire que dans cette confrontation 
generale entre bio- et chronostratigraphie on ne voit pas pourquoi une 
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pluie de pollen serait necessairement de valeur inferieure en tous 
points a une pluie de cendres inorganiques (cinerites). 

En effet !'emission pollinique est repetee chaque annee, le materiel 
regerme en milieu favorable, la distance que peut parcourir le pollen 
est considerable et surement de plusieurs centaines de kilometres, et la 
spore, independante de l'ecologie du milieu de depot, est, meme rema
niee, facilement recuperable clans le sediment inorganique qui la 
contient, ce qui n'est pas le cas des lits fins de cinerites deposes clans 
un sediment schisto-greseux. 

DISCUSSION 

S. Jardine: En ce qui concerne les notions constatees sur le plan regional, 
VOUS avez parle de regions mais YOUS n'avez pas parle de regions clima
tiques. 

B. Alpern: J'ai parle de province Nord-Atlantique. Le Gondwana est 
bien distinct dans mon esprit. 

S. Jardine: Sont-ce des regions climatiques? 

B. Alpern : Oui, je le crois, mais elles sont tres grandes. 

S. Jardine: Elles peuvent etre aussi tres petites. Les regions climatiques 
actuelles sont beaucoup plus restreintes que les regions climatiques du 
Paleozoi:que. Est-ii bien clair que dans la recherche de l'epibole et de la 
biozone, on ne parle que d'une region ? Est-ce que dans la recherche de 
la biozone totale YOUS avez dans !'esprit la region OU !'ensemble du monde 
car il est bien evident qu'alors i1 y a une migration des climats, les climats 
changent et s'etendent ; !'apparition des Angiospermes n'est pas synchrone 
a travers le monde ; i1 s'est ecoule un temps extremement long entre !'appa
rition des Angiospermes en Europe et !'apparition des Angiospermes en 
Afrique, par exemple. Il ne faut pas oublier que la palynologie est avant 
tout un outil de correlation a l'echelle regionale. Je ne sais pas si a 
l'echelle mondiale les biozones auront une extension suffisamment limitee 
pour que leur utilisation soit bonne. 

B. Alpern : Je suis tout a fait d'accord avec YOUS. Le trace d'une biozone 
est tout d'abord un trace local, c'est-a-dire que c'est une extension dans 
un bassin determine ; par exemple, nous tra<;:ons la biozone des monoletes 
verruqueuses dans le bassin sarro-lorrain. Une biozone locale ne peut pas 
avoir une valeur mondiale, c'est certainement a l'interieur d'une meme 
province paleogeographique que la biozone aura toute sa valeur ; mais en 
ce qui concerne le Paleozoi:que superieur, les regions houilleres etaient 
tres comparables puisque je suis persuade que j'ai affaire aux memes 
especes depuis l'Illinois jusqu'au bassin de Kaiping en Chine. 

R. Potonie: Yous avez dit parmi beaucoup de choses interessantes que 
les spores sont les seuls fossiles que l'on trouve a la fois dans les sediments 
continentaux et dans les sediments marins, pas toujours evidemment, mais 
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souvent dans les sediments marins et continentaux independamment des 
variations de la salinite. Je voudrais rappeler que les especes qui sont a la 
fois dans les sediments marins et continentaux sont souvent cavates ou 
camerates dans les sediments marins mais acavates ou acamerates dans les 
sediments continentaux. C'est pourquoi, j'ai dit que l'on ne pouvait pas 
toujours faire, avec des especes cavates, des genres nouveaux. 

B. Alpern: Il ya beaucoup de choses a dire sur ce point : dans la classifi
cation des spores, nous operons avec un esprit de symetrie trop pousse. 
Nous avons divise les triletes en Azono- et Zonotriletes. Par esprit d'ana
logie gratuit, on a divise egalement les monoletes en Azono- et Zonomo
noletes ; en realite, si on adopte cette conception de la cavite qui est 
fonction du mode de conservation de la spore et si on tient compte des 
seuls faits observes, ii est inutile de vouloir, pour des raisons de symetrie 
faire les memes subdivisions chez les monoletes que chez les triletes. A 
propos des monoletes, nous pourrions, demain matin, aborder une grande 
discussion sur la hierarchie des caracteres : comment decouvrir la hierar
chie des caracteres lorsque l'on fabrique. des especes. La encore, c'est 
le terrain et !'ensemble de la stratigraphie qui donnent la clef de la 
hierarchie des caracteres. 

R. Potonie : Meme en paleobotanique, on observe des changements 
importants dans la valeur de certains caracteres. 

S. Leclercq : Il est evident que de plus en plus on abandonne le choix 
d'un seul caractere pour etablir une classification. Aucun caractere ne se 
revele avoir une valeur absolue. II convient dans les cas favorables d'associer 
la morphologie externe et la morphologie interne, l'anatomie, les organes 
de reproduction, les spores et le pollen. En ce qui concerne la morphologie 
externe ii est arrive de mettre parmi les Sphenopsides des plantes dont 
l'anatomie a montre qu'on avait affaire a des vegetaux proches des fougeres. 
De meme en se basant sur la morphologie externe on a considere que 
certaines plantes appartenaient aux Psilophytales alors que l'anatomie 
montre qu'il s'agit de groupes appartenant aux fougeres. 

B. Alpern: En Palynologie, nous n'avons pas des caracteres nombreux 
mais nous avons un avantage c'est le tres grand nombre d'individus ; 
on peut les suivre tres longtemps et la hierarchie des caracteres peut se 
faire justement sur la base de !'evolution ; certains n'evoluent pas ou 
peu mais d'autres evoluent plus vite, de telle sorte qu'on peut donner 
la preference aux caracteres les plus evolutifs. 

T.N. George : You are saying that you define your biozone not by its 
appearance, not by its final disappearance, but by its abundance in this 
particular range. 

B. Alpern: That depends on the number of specimens you have seen 
below the biozone. 

T.N. George: I accept as a concept this situation. Your biozone shall 
include all these variances that you found not really in one locality but in 
a number of localities. I want to ask you this question: is the abundance at 
that position the result of the observation in one locality? If I go to another 
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locality where the base of the epibole is at that position higher, then go to 
another one where the base of the epibole is still higher, what is your 
biozone? 

Alpern : If you are in one locality, for instance in a coalfield, it is unlikely 
to find these different levels for the basis of the epibole. For example, 
Thymospora has always the base of its epibole at the same stratigraphic 
level in the Saar-Lorraine coalfield over a distance of ± 100 km. If there 
are no mountains between two coalfields, and if this species is at the epibole 
level, I am sure that we have a sufficient number of specimens disseminated 
each year (millions of pollen). This will assure that not only the regional 
but also the interregional correlation between Great Britain, Northern 
France and Lorraine can work. But When you are in the central part of 
France, presumably in high mountains, the limnic coal basins there would 
have had no possibility to exchange their material with the paralic coal 
basins. In these conditions it is possible that he correlation cannot be done 
on a quantitative basis, but within a single paralic basin I think that the Eb. 
level (see fig. 1) can be assumed to be more or less isochronous. 

S. Jardine: Je crois qu'il y a une question de terminologie. Yous allez 
avoir des epiboles egalement variables suivant les conditions locales. 

B. Alpern: Mais, a la fin du Paleozolque, la formation de charbon est 
un phenomene tres general et le nom de Carbonifere en temoigne. 

S. Jardine: Yous parlez au-dela des charbons. 

B. Alpern: lei nous parlous Carbonifere: en Europe orientale et dans 
le N.W. de !'Europe, c'est le charbon qui marque. 

S. Jardine: Oui, mais si pour un sondage en Mer du Nord, nous ne 
sommes pas capables de correler avec votre stratigraphie, cela n'a plus 
guere de valeur. 

B. Alpern : Je ne vois pas pourquoi lorsque vous etes deja dans l'epibole 
sur le continent, les schistes marins qui sont en bordure du continent, 
meme a 200 OU 300 km du rivage, ne COlltiendraient pas un echo, bien 
sur attenue, de cette biozone. 

S. Jardine : Il est certain que comme l'on a fait la difference entre la 
biozone et une "range zone" locale ; il faut une difference entre l'epibole 
locale et l'epibole totale. A chaque travail de palynologie stratigraphique 
vous devez rappeler quelles sont les dimensions de l'etude. 

B. Alpern: Lorsque je dessine une biozone dans un bassin, je la considere 
comme locale, mais je suis a l'echelle du bassin ; il ne s'agit pas que d'un 
sondage, c'est l'image synthetique de tous les sondages et de toutes les 
exploitations etudies dans le bassin. En Lorraine, par exemple, c'est la 
totalite des informations obtenues sur 22 sondages et une dizaine de sieges. 
C'est deja presque une region. 
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Les divisions palynologiques du W estphalien superieur 
et la limite W estphalien-Stephanien 

(Rapport et synthese du projet A du 
3• seminaire C.I.M.P. sur la Stratigraphie du Paleozoique) 

B. ALPERN 1 

Avec 2 figures dans le, texte. 

Les bases de la subdivision du Carbonifere superieur s'appuyant 
sur les Monoletes ont deja ete publiees (Alpern & Liabeuf 1967) et 
exposees au Congres de Sheffield en 1967 (Alpern, Doubinger & 
Liabeuf 1970). 

II restait a controler si !'extension des biozones correspondantes 
conduisait a des sequences de cenozones comparables dans les divers 
pays. C'est l'objet du tableau de synthese ci-apres qui regroupe les 
resultats publies : 

· - par Smith & Butterworth (1967), en Grande-Bretagne, 
- par Alpern et al., en Sarre et Lorraine, 
- par Liabeuf & Loboziak (1968), dans le Nord-Pas-de-Calais, 
- par Dybova & Jachowicz (1957), en Hte Silesie, 
- par Kalibova, en Tchecoslovaquie. 

Une difficulte se presente d'emblee lorsqu'il faut comparer les 
extensions taxon par taxon : les auteurs ont-ils detecte le niveau d'appa
rition vraie de leur espece ou bien seulement la base de l'epibole, ou 
bien encore un quelconque niveau intermediaire entre ces 2 plans ? 
Pour le savoir, il faudrait disposer de donnees precises concernant la 
continuite lithologique des sequences inventoriees et le nombre moyen 
de spores recueillies. 

Malgre ces incertitudes, nous avons tente un regroupement sur la 
base de l'alignement des diagrammes selon un axe marque par l'epa
nouissement de Torispora securis (spore particulierement bien recon
naissable). 

Examinons d'abord la sequence des biozones totales dans chacun 
des bassins consideres. 

1 CERCHAR, Verneuil-en-Halatte (Oise), France. 
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a. Dictyotriletes bireticulatus est abondante seulement en Grande
Bretagne et en Tcbecoslovaquie, ailleurs elle est accessoire ou absente. 
Dans les 3 cas ou elle est presente, elle figure dans la cenozone la 
plus basse de la coupe stratigraphique consideree. 

b. Les Cingulizonates sont presentes partout sauf en Tchecoslo
vaquie. Elles s'eteignent toujours apres la spore precedente et regressent 
fortement (sommet d'epibole) toujours avant !'apparition massive de 
T. securis, sauf dans le Nord de la France. 

c. L'extension des Densosporites-Cristatisporites est considerable 
et ne permet generalement pas de se servir de leur apparition et dispa
rition dans la zone etudiee; 

d. Les Monoletes apparaissent ensuite dans l'ordre suivant: Tori
spora - Thymospora - Spinosporites. 

Numerotons alors les evenements selon la sequence suivante : 
1 - sommet epibole Cingulizonates (axe A) 

2 - base epibole Torispora 

3 - base biozone Thymospora 

4 - base epibole Thymospora 

Nous remarquons: 

(axe B) 
(axe C) 

(axe D) 

- une sequence normale en Grande-Bretagne, mais les niveaux 3 
et 4 sont confondus ; 

- une sequence normale en Lorraine, mais 1 et 2 sont tres rappro
ches tandis que 2, 3, 4 sont tres ecartes ; 

- une sequence normale en Tchecoslovaquie, mais il manque les 
niveaux 1 et 3 ; 

- dans le Nord de la France la sequence 2-3 est normale mais le 
niveau 1 atteint le niveau 3 ce qui contredit les resultats des autres 
bassins; 

- en Hte Silesie, on ne sait pas bien ou placer Jes niveaux 1 et 2 
car Jes limites des epiboles sont mal marquees mais il parait anormal 
que Torispora et Thymospora apparaissent en meme temps. Cependant 
la sequence 1-2-4 est normale. 

En RESUME, si nous excluons Cingulizonates et Densosporites qui 
sont trop Iiees au facies et qui peuvent preter a confusion sur le plan 
systematique et si nous ne tenons compte que des bases des epiboles 
des Monoletes, nous constatons que la sequence B-D liee aux bases 
d'epiboles est partout correctement placee. Dans le Nord-Pas-de-Calais, 
le niveau D n'est pas visible mais il ne peut etre que posterieur a C 
et sa position, s'il est decouvert un jour, ne pourra etre que correcte. 
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Cette synthese confirme done l'hypothese enoncee precedemment : 
le developpement des monoletes ponctuees - Torispora - precede 
partout celui des monoletes verruqueuses - Thymospora. 

Les axes correspondants peuvent done servir aux correlations inter
regionales dans la province europeenne et Nord-Atlantique. 

Si le developpement des Thymospora (axe D) permet de caracteriser 
la base du Stephanien, les Punctatosporites et Torispora correspon
dantes pourraient caracteriser le Westphalien C. 

Etant donne la conjonction des niveaux C et D dans de nombreux 
pays, le maintien d'un Westphalien D sur une base purement palyno
logique entre la base de la biozone et celle de l'epibole des Thymospora 
parait impossible. 

Le choix des tonsteins 60 ou 40 pour la limite Westphalien-Stepha
nien ne nous incombe pas, cependant un marqueur n'est interessant 
que s'il est bien visible et assez continu pour etre reperable et utilisable 
sur le terrain. 

Si nous alignons les zones palynologiques des divers pays sur la base 
de la sequence B-D proposee pour le Carbonifere superieur, nous 
obtenons le tableau de la figure 2 qui n'est donne ici qu'a titre indicatif 
et en supposant que la definition des etages puisse reposer sur une base 
exclusivement palynologique, ce qui n'est generalement pas le cas. 

RESUME DE LA DISCUSSION 

1) Apres une intervention de M 11 e Doubinger mentionnant la presence 
de Densosporites dans le Stephanien du Massif Central fran\:ais, M. 
Alpern precise qu'il a tenu compte de !'argumentation de Jachowicz d'une 
part et de Smith et Butterworth d'autre part qui ont montre que les 
Densosporites regressent fortement dans les series greseuses (cas en 
Lorraine des sediments situes au-dessus du tonstein 100). 

2) M. Potonie signale une correlation entre les spores monoletes et des 
Marattiacees. 

3) M. Loboziak souligne que si on considere comme isochrones les 
correlations entre tonsteins etablies par M. Bouroz, les extensions des 
biozones prises individuellement fournissent des lignes de correlation qui 
parfois s'entrecroisent. On peut repondre que ceci n'est cependant pas le 
cas des axes B-D, en outre, il est difficile d'avoir toujours les niveaux vrais 
des apparitions et disparitions. 

4) M 11 e Doubinger signale que, sur la base de l'etude de 7 gisements 
presumes autuniens, on trouve, au-dessus des 3 zones stephaniennes deja 
decrites dans le Massif Central : 

une zone ou les Thymospora regressent et sont relayees par une grande 
abondance de Laevigatosporites ; . 
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- une zone ou les monoletes disparaissent presque completement et sont 
relayees par Florinites et surtout Potonieisporites. 

Au-dessus viendrait peut-etre encore une zone a formes striees comme 
Aumancisporites et Vittatina. 

M. Alpern souligne l'interet de la contribution de M 11 e Doubinger qui 
coincide tout a fait avec ce que M. Choffe a etabli en Sarre OU les Thymo
spora disparaissent dans le haut de la serie. 

5) M. Loboziak demande si dans la zone XI des Anglais, les Thymospora 
sont dans leur epibole OU au-dessous. M. Owens pense qu'on a pu atteindre 
la base de l'epibole. Une precision plus grande serait souhaitable. 

6) M 11 e Doubinger demande quelle est !'importance de la lacune en 
Sarre. M. Alpern precise qu'il manque en Sarre les sous-zones SL 111 et 
112, soit environ 450 m a Gottelborn (These de M. Choffe). 

7) Mme Kalibovd demande si les epiboles sont egalement visibles dans 
les sediments inorganiques. M. Alpern pense que lorsque la plante est en 
plein epanouissement, remission annuelle des spores est tellement consi
derable qu'on ne voit pas pourquoi on n'en trouverait pas l'echo dans les 
sediments argileux limitrophes. Ceci n'est pas vrai pour les bases de 
biozones ou les individus sont encore trap peu nombreux. M 11 e Doubinger 
precise qu'a Carmaux une comparaison systematique a ete faite entre 
charbon et steriles. La difference n'est pas tellement considerable. Les 
frequences sont mains elevees dans les steriles mais le cortege des spores 
accessoires est plus eleve. Les toits se differencient plus du charbon que les 
intercalaires. 

Suit une longue discussion a laquelle participent de nombreux membres 
et de laquelle il resulte qu'en milieu lacustre OU marin l'image floristique 
est plus complete et plus diversifiee que dans la tourbiere ou les apports 
locaux massifs masquent fortement les apports venant de l'arriere pays. 
Ceci est particulierement vrai des milieux forestiers tres proteges de tout 
apport exterieur (M. Potonii). M. Laveine fait remarquer que certaines 
especes atteignent 60 % de toute !'association, les autres formes sont alors 
necessairement sous-representees. 

M. Alpern signale que ses echelles sont des moyennes etablies a partir 
de points issus de toutes les regions du bassin, les images forestieres et 
marecageuses sont done necessairement integrees. 

8) Une discussion a lieu entre MM. Owens, Loboziak et Alpern sur 
!'extension comparee de Radiizonates aligerens et Schulzospora rara et 
sur la confusion possible de R. aligerens et Densosporites striatus. 

9) La question du maintien de Westphalien D fait egalement l'objet 
d'un large echange de vue. Les palynologues ne peuvent sur ce point que 
tenter de degager leur contribution specifique afin de la confronter avec 
celle des autres disciplines. 
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A Review of the Palynological Methods Employed 
in the Correlation of Palaeozoic Sediments 

(Contributions to the 3rd C.I.M.P. 
Meeting on Palaeozoic Stratigraphy) 

B. OWENS 1 

With 4 text-figures. 

The rapid expansion in palynological research during the last two 
decades is largely a direct consequence of the recognition by commer
cial concerns in the fields of oil and coal geology of the enormous 
potential that palynology had in the correlation of sedimentary rock 
units. It was apparent to the early workers in palynology that it was 
possible to distinguish any particular group of sediments by the distinc
tive species of spores, pollen or plankton that they might contain. When 
it was confirmed that these distinctive species occurred within the same 
stratigraphic unit in widely separated geographical regions, the basic 
principle of stratigraphical palynology as it is known to-day had been 
established. During the last 20 years palynologists have contributed 
vast amounts of systematic and stratigraphic data which now permit 
much greater finesse to be applied in palynological correlations. The 
documentation of microfloral assemblages from an ever increasing 
number of reference and, in some cases, type sections has made avail
able sufficient information to permit the stratigraphic palynologist to 
progress from the stage of correlating units at the system or stage level 
to producing reliable correlations at the local formation level or in some 
specialised cases between individual beds in the case of coal basins. 
Thus, the greater the amount of palynological data available for refer
ence purposes the more precise become the potential correlations. 
The availability of large amounts of data has brought to the attention 
of stratigraphic palynologists the relationship which exists between 
facies and the composition of microfloral assemblages. It is now fully 
realised that a large number of external factors are involved in the 
overall distribution and frequency of microfloral elements in any assem
blage. These factors are now recognised as important considerations in 
any palynological correlation. With all of the advances that have been 

1 Institute of Geological Sciences (Geological Survey), Ring Road Halton 
Leeds 15, Great Britain. By permission of the Director. 
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made, the stratigraphic palynologist is now in a position to suggest an 
independent subdivision of any particular succession into a number of 
palynological zones. Although such zonation would be of considerable 
value for palynological purposes there are certain cases where in the 
broader geological sense it would be desirable to avoid their use, parti
cularly where the boundaries between the palynological zones do not 
coincide with widely accepted zonal boundaries established by macro
palaeontological techniques. Palynological zonation is a justifiable 
consequence of detailed stratigraphical palynology ; however, such 
zonation should be withheld until the stratigraphical, geographical and 
ecological distribution of the palynomorphs is fully understood. 

In reviewing the progress that has been made in stratigraphical 
palynology and in palynological methods of correlation, it is apparent 
that a definite pattern of development emerges. This pattern is directly 
related to the degree of advancement in the state of palynological 
knowledge for any particular part of the stratigraphic column rather 
than to the overall chronological development of palynology as a 
science. There is of course an implied relationship in the above conclu
sion between the state of palynological knowledge for any group of 
sediments and their economic potential. This may lead obviously to 
there being more precise methods of correlation operating in one 
particular system or stage at any time than in adjacent systems. This 
may be illustrated by comparing the Westphalian, where it is possible 
under suitable conditions to correlate between individual coal seams, 
with the Devonian, where it is often difficult to correlate precisely at 
the stage level. 

In the case of the Devonian it was not until relatively recently that 
the criteria for correlation at the « stage » level were established. Whilst 
knowledge of Devonian microfloras has been slowly accumulating over 
the last two decades, the state of knowledge of the stratigraphical distri
bution of Devonian miospores still, in general, only permits a number 
of broad subdivisions to be made. The Lower Devonian, for instance, 
is normally readily recognised by being characterised by an abundance 
of small smooth forms with simple ornamentation, the majority of which 
have clearly defined curvaturae, i.e. Retusotriletes (Naumova) Streel, 
Apiculiretusispora Streel and V erruciretusispora Owens. Specimens with 
prominent radially orientated ribs on the proximal surface, belong
ing to the genus Emphanisporites McGregor, are common components 
of Lower Devonian assemblages but zonate and camerate/pseudo
saccate genera are almost completely absent. The Middle Devonian is 
characterised by the appearance in abundance of zonate and 
camerate/pseudosaccate spores together with spores of the genera 
Hystricosporites McGregor and Ancyrospora Richardson which are 
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characterised by the possession of an ornament composed of processes 
with bi-, tri-, or multifurcate terminations. This broad zonation may be 
regarded as being the initial stage in the development of stratigraphical 
correlation by miospores. In certain cases it is possible that the appear-
ance of a distinctive morphological group of spores may permit this 
initial phase in the correlation process to delimit a relatively narrow 
stratigraphical interval. This can be illustrated by the occurrence of 
representatives of the morphologically distinctive group of monolete 
spores belonging to the genus Archaeoperisaccus (Naumova) Potonie 
which are restricted in their known distribution in the U.S.S.R. and 
Canada to the middle and lower part of the Upper Frasnian. Occasion -
ally the occurrence of one morphologically distinct species may permit \ 
an even finer correlation to be made as for instance in the case of ·\1 

Hymenozanotriletes lepidophytus Kedo which has a widespread geo- I\ 
graphical distribution but is stratigraphically restricted to deposits of ·~ 
Upper Fammenian (Strunian) age [see Owens & Streel 1967]. This 
one species is therefore of great importance in the definition of the 
Devonian - Carboniferous boundary. This method of correlation is 
only likely to be applicable where it is satisfactory to subdivide the 
succession into major units since it is only capable of recognising major 
breaks in the microfloral succession. Ecological peculiarities are not 
normally likely to be a significant problem in this type of correlation 
in view of the scale of the units involved. 

In circumstances where significantly more palynological data are 
available, the logical development from the above method is the erection 
of a series of zones which would permit the detailed subdivision of any 
examined succession. Ideally, to erect such a series of zones the inves
tigator should have information available from as complete a range of 
sedimentary environments as possible in order to obtain a complete 
representation of the contemporaneous microfloras. The erection of a 
zonal sequence based solely on the evidence available from, for instan
ce, marine shale assemblages is undesirable since it will probably be 
applicable only within the local area of its erection. The absence of the 
marine facies or the incoming of additional facies within other areas of 
the same basin could render correlation difficult if not completely 
impossible. 

In general terms it is possible to erect zonal schemes of two basic 
types. Zones may be defined on the absolute stratigraphic range of par
ticular species but such a system could be prone to a number of serious 
disadvantages. Most serious would be the ecological restrictions which 
might be placed on a particular species. If the zonal index species had 
a restricted ecological distribution it is possible that the failure of devel
opment of that particular facies within certain regions of a basin could 

101 



result in the failure to recognise the existence of a particular zone. 
To be successful, therefore, it is imperative that such a zonal scheme 
should only utilise forms with a widespread ecological distribution and 
forms which are also likely to occur with reasonable frequency. It is 
therefore a prerequisite that there should be a certain degree of uni
formity in the composition of the parent floras over wide areas to 
permit the widespread distribution of the zonal forms. Unfortunately, 
the species which appear to be the best zonal forms are in many cases 
found to be the accessory spores in an assemblage and are therefore 
likely to be infrequent in occurrence and erratic in their ecological 
distribution. 

The alternative method of zonation is to utilise zones which are based 
on the occurrence of an association of several forms. The species 
utilized in such a series of assemblage zones should preferably be 
widespread in their ecological distribution but since several forms 
would be involved in the definition of a particular zone, the failure of 
a particular species to occur in a region due to either the absence of a 
particular fades or to inconsistencies in the composition of the parent 
flora will not result in the complete failure to recognise the zone. 
The species utilised in the definition of any particular assemblage zone 
need not necessarily be restricted in stratigraphic distribution to the 
limits of that particular zone. The range of particular species becomes 
less important than the overall composition of forms in the assemblage. 
This type of zonation was employed by Neves (1961) in the study of 
the stratigraphic distribution of miospores in the Namurian sediments 
of the southern Pennine region of England (see Neves 1961, table 1) 
and by Owens in Owens & Burgess (1965) in the stqdy of Namurian 
and Lower Westphalian sediments in the Stainmore Outlier, Westmor
land (see text-fig. 1). Whilst there is an appreciable degree of similarity 
in the composition and the boundaries of the assemblage zones estab
lished in these two studies, significant minor differences do exist 
between the separate zonal schemes which may be explained by differ
ences in fades distribution between the two areas or by regional 
variations in the composition of the parent floras. 

It is readily apparent that no system of zonation can be considered j 
entirely satisfactory if it deals exclusively with the absolute stratigra- , i 

1 

phical range of a particular species, as it is essential that factors such ; I 

as ecology and fades distribution must be incorporated. This can be 
clearly demonstrated by examination of the problems involved in the 
interpretation of results obtained from sequences where only coal seams 
are examined and, secondly, from a sequence where a number of differ-
ing lithologies are involved. 
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The subdivision of the Westphalian coal deposits of Western Europe 
is probably one of the best examples in the Palaeozoic of stratigraphical 
subdivision employing palynological methods. Despite the fact that a 
large number of species are recorded from these deposits, only a few 
occur with any regularity and only a very small number are ever abun
dant in the assemblages. Examination and sampling of coal deposits can 
be effected in two main ways. First, the coal seam can be treated as a 
whole and a channel sample representative of all sections of the coal 
can be prepared for examination. The resultant spore count and species 
list will thereby give a generalised picture of the seam as a whole. Alter
natively the seam could be examined as a number of subsections which 
would as far as possible coincide with the petrographic boundaries 
within the seam. Smith (1962) has clearly demonstrated that a positive 
relationship exists between the petrographic type of the coal and the 
miospore association that it contains. This led Smith to propose the 
concept of miospore phases within a coal seam, with the phases nor
mally occuring in a definite sequence. The sequence begins, according 
to Smith, at the base of the seam with the Lycospore phase, which is 
associated with bright vitrainous coal, and culminates in the middle 
or upper part of the seam with the Densospore phase which is associated 
with dull durainous coals. A transition phase may be developed between 
the Lycospore and the Densospore phases and can normally be corre
lated with a mixture of petrographic types related to those occurring 
above and below it. In cases where peat formation continued after the 
deposition of the Densospore phase it is possible that there would be 
a return to a vitrainous petrographic type and a Lycospore phase 
adjacent to the seam roof. This represents an idealised condition, but 
local conditions within the coal swamp were rarely ideal. It is common 
to find minor repetitions of certain of the phases within a particular 
seam and in thin seams one or other of the phases may not be developed 
at all. In view of these features it is essential that the subsection sam
pling of coal seams should be done at very close intervals with parti
cular emphasis being. given to any petrographic changes within the 
seam in order that a complete record of the succession of miospore 
assemblages is obtained for correlation purposes. 

Where the correlation of palynolc>gical data involves information deri
ved from a varying number of lithological types of sediment many 
more external agencies may affect the overall composition of the spore 
assemblages. It is not therefore surprising in view of the wide ecological 
range involved i.e., coal swamp to marine, to find major differences in 
!he composition of the assemblages from these differing facies. Neves 
(1958) has convincingly demonstrated that in the case of the sediments 
associated with the Gastrioceras subcrenatum horizon in Staffordshire, 
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A 

J Percentage I 
I of genera in assemblage Number of species observed 1----. Genera 

! 
Coal I "Non- I I "Non-

marine '' . Marine Coal marine" Marine 

1 Leiotriletes . 0·2 1 ·3 I 3·8 1 4 3 
2 Prmctatisporites 1 ·4 0·8 12·4 3 1 3 
3 Calamospora 5·3 3·0 4•8 2 4 4 
4 Granulatisporites . 0·2 0·4 1 ·2 2 2 5 
5 Cyclogranisporites 0·5 1·2 1·4 1 3 2 
6 P/anisporites 1 ·2 

I 
0·2 2·2 2 1 1 

7 Apiculatisporites . 8·3 i 5·4 

I 
2·4 s s 9 

8 Lophotriletes . 0·1 s 2·0 1 1 2 
9 Acanthotriletes . 0·2 i s 0·4 1 1 3 

to Raistrickia . s I O·I 2·4 I 1 3 
11 Verrucosisporites . 

I 
O·S 0·2 3·0 2 1 2 

12 Convolutispora s s 1·0 1 l 2 
13 Camptotriletes 1 ·3 I 0·7 0·3 1 l 3 
14 Microreticulatisp. s 

I 
0·1 1 ·7 1 1 2 

15 Dictyotriletes 1 ·3 2·0 s 2 1 2 
16 Reticulatisporites NS NS 0·2 0 0 2 
17 Knoxisporites s s s 1 1 l 
18 Triquitrites . s 0·1 0·2 I 2 l 
19 Ahrensisporites 0·1 0·6 s 1 1 1 
20 Simozonotriletes NS NS s 0 0 l 
21 Lycospora . 76·0. 75·0 s 3 3 l 

22{ Anulatisporites} 0·3 0·6 0•7 {l 1 1 
Densosporites I 2 1 

23 Cirratriradites s 0·2 NS 1 1 0 
24 Laevigatosporites O·I O·I NS I 2 0 
25 Lato.'iporites s 

I 
NS NS 1 0 0 

26 Punctatosporites NS 0·1 NS 0 1 0 
27 Alatisporites NS NS 0·3 0 0 2 
28 Endosporites 0·2 O·I 0·3 I 2 2 
29 Schu/zospora I ·4 3·3 NS 1 I 0 
30 Fiorini/es 1·0 2·6 58·3 3 3 s 
31 Schopfipol/e~itrs s 0·4 NS 1 I 0 
32 Moorcdsporites I NS NS s 0 0 1 
33 Discernisporites ! NS s s 0 I 2 
34 Proprisporites i NS I NS s I 0 0 l 
35 Spore Type A 

I 
NS I NS s 

I 
0 0 l 

36 Spore Type B NS I NS s 0 0 1 
37 Spore Type C NS 

I 
NS s 0 0 l 

Incertae Sedis. I 0·4 I ·5 1 ·0 

S = Frequency less than 0 · 1 per cent. NS = Not observed. 

Fig. 2. --,-- Ecological variation in. miospore assemblages obtained from sediments 
associated with the Gastrioceras subcrenatum in Staffordshire, England. 
A) Lists of generic percentages and species totals. 

England (see text-fig. 2) considerable differences exist between the 
assemblages recovered from coal, non-marine shale and marine shale 
at this horizon. The coal seam assemblage was dominated by 7 6 % 
Lycospora (Schopf, Wilson & Bentall) Potonie & Kremp, with Cala
mospora Schopf, Wilson & Bentall (5.3 % ) and Apiculatisporis 
Potonie & Kremp (8.3 % ), the only genera with frequencies of 
greater than 2 % . In the associated non-marine shales, a similar result 
was obtained, Lycospora 75 % , Calamospora 3 % and Apiculatisporis 
5 .4 % , but this assemblage also contained significant numbers of 
Schulzaspora Kosanke (3.3 % ) and Florinites Schopf, Wilson & 
Bentall (2.6 % ). The marine shale assemblage differed completely from 
the previous two with Lycospora constituting less than 0.1 % of the 
assemblage. Florinites (58.3 % ) was the dominant element with Punc
tatisporites (Ibrahim) Potonie & Kremp (12.4 % ) and Calamospora 
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Fig. 2. - B) Histogram of generic frequencies. 

~ 0 

Numbers below histogram refer to genera numbered in table (A) (after Neves 
1958, Reproduced with permission from the Geological Magazine Vol. 95.) 

(4.8 % ) the only other forms present in significant numbers. The 
implications of these results are significant in terms of the interpretation 
of results using the assemblage zone method of correlation. The data 
presented by Neves summarise the differences which exist at a generic 
level but it is probable that these differences would be greatly accen
tuated when specific units were considered. This would obviously reflect 
the distribution in the differing facies of the accessory spores which are 
relied on for correlation purposes. It must, however, be pointed out 
that the example quoted by Neves must be regarded as a special case 
in which the differences between the composition of the assemblages 
in differing facies is particularly well defined. In the examples quoted 
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Table 1. - Percentages of the commonly occurring spore genera 
recorded in samples of variable lithology from the Upper Visean of 

East Fife, Scotland. (after Neville 1968, table 1). 

Spore genera 

"' "' 2 "' 2 I oj oj ·;::: oj Q) ·c .... .... "' 0 .... .... 0 0 ~ Sample ~ 0 0 0 
~ p. 

p. ~ ~ "' 15 ·a "' 0 0 
0 0 ·~ .g ~ 0 i u "' ~ 

i:: u 'iiJ Q) .g tii 
Q i:: ...:i 

~ 
::I ti) u 
~ 

F 100 ................... 2 50 1 5 14 3 2 
F 99 ................... 3 6 69 10 x 5 5 
F 98 ................... 8 56 29 2 1 3 x 
F 97 ................... 51 27 1 2 9 4 2 
F 96 ................... 51 19 5 3 1 12 1 
F 95 ................... 25 53 5 1 x 7 3 
F 94 ................... 32 49 3 1 1 10 3 
F 93 ................... 41 36 17 1 x 4 1 
F 103 ................... 27 15 1 x 6 35 2 
F 102 ................... 42 25 1 2 10 14 1 
F 101 ................... 10 55 2 5 5 12 x 
F 92 ................... 41 48 2 2 1 1 2 
F 91 ................... 50 40 2 x x 6 1 
F 90 ................... 11 60 5 8 6 5 x 
F 89 ................... 33 17 3 5 3 17 2 
F 88 ................... 96 x x 1 2 1 x 
F 87 ................... 57 8 x 4 x 22 x 
F 86 ................... 59 10 x 6 x 20 x 
F 85 ................... 86 11 x x x 2 x 
F 84 ................... 94 3 x x x 2 x 
F 83 ................... 50 26 x 6 x 14 x 
F 82 ................... 87 4 x 7 1 x x 
F 81 ................... 72 16 x 5 2 3 x 
F 80 ................... 5 92 1 x x x 1 
F 79 ................... 43 24 x 3 1 10 10 
F 78 ................... 7 21 1 4 2 26 1 
F 77 ................... 69 22 x 1 x 2 4 
F 76 ................... 14 29 1 2 1 16 8 
F 75 ................... 9 23 1 5 2 19 7 
F 74 ................... 7 71 3 x 1 3 6 
F 73 ................... x 85 4 x x 7 1 
F 72 ................... 3 73 x x 8 8 2 
F 71 ................... 3 88 x 1 x 8 x 
F 70 ................... 3 38 3 4 9 39 5 
F 69 ................... 5 68 1 x 1 22 2 
F 68 ................... 55 39 x 1 x 4 x 
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by Neville (1968) from Upper Visean rocks in the Midland Valley of 
Scotland (see table 1) the variation in composition of the dominant 
miospore types in a wide range of sedimentary environments is less 
clearly demonstrated. Lycospora and Anaplanisporites J ansonius, for 
instance, are the dominant elements in the assemblages from a wide 
range of facies. In the case of Neville's work significant differences were 
probably recorded in the distribution of the accessory spores. 

It is now necessary to consider briefly which factors can be consi
dered as contributory to the differentiation of spore assemblages accord
ing to their ecological position. These factors can in general terms be 
divided into two main categories, first, the character and extent of the 
regional macroflora from which the spores are derived and, secondly, 
those processes involved in the deposition of the spores in the contem
poraneous sediments. The latter processes will include those factors 
affecting the transportation of the spores i.e., climatic conditions, wind 
speed, direction and frequency, distance from parent flora, water 
conditions, strength of currents, degree of turbulence, rate of sedimen
tation and the nature of the bottom conditions. There are, in addition 
to the above external factors, certain factors contributed by the spores 
themselves which may influence their distribution. The distance over 
which effective dispersal can be achieved will obviously be related 
directly to spore size, shape, structure, ornamentation and specific 
gravity. 

So far the argument presented in this review has dealt largely with 
the absolute stratigraphical ranges of the species used for the purpose 
of correlation. Attention must now be turned to another aspect of the 
problem, that of the frequency of spores in the assemblages. If the 
frequency of spores in assemblages was to be of prime significance in 
their use for correlation purposes, the data to be correlated should, in 
view of what has been said regarding the variations in distribution 
according to facies, be derived from a series of monolithological sam
ples. However, due to almost insurmountable difficulties in ensuring that 
this condition is fulfilled, it is most likely that ecological factors will, 
even in some minor way, influence the composition of the assemblages. 

Raistrick, in a series of publications in the late 1930's, was not only 
amongst the first to use spores for correlation purposes but he also 
relied heavily on the frequency of the spores to achieve the correlation 
of different coal seams. By using a limited number of spore types 
Raistrick produced for each coal seam two histograms, one showing 
the recorded frequency of the common types in the assemblage and 
the other showing the distribution of several of the infrequent accessory 
spores. Correlation was achieved by direct comparison of the histogram 
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profiles. Raistrick recognised that if this method of correlation was to 
be successful, there must be a readily apparent difference in the compo
sition of the miospore assemblages between the different seams in any 
sequence and that seams should possess certain diagnostic character
istics, e.g. the abundance of a particular accessory species. This would 
necessitate a gradual progressive change in the composition of the 
parent flora over large areas of the coal basin. Raistrick was aware of 
the possible influence that ecological and floristic differences within the 
coal swamp might have on the composition of the spore assemblages, 
but did not regard them as criteria which could effect so significantly 
the differing results which might be obtained from the same seam at 
differing localities. The method employed by Raistrick was satisfactory 
for the correlation of coal seams over short distances, but it was not 
designed to result in the formulation of a working zonation for the 
coal-bearing deposits. The principles of this method of correlation are 
still of value today in the solution of local correlation problems. Smith 
& Butterworth (1967, pp. 93-95, text-fig. 63) illustrate a typical 
example of this method for the solution of a correlation problem invol
ving an unidentified coal seam encountered during mining operations 
in the Northumberland and Durhan Coalfield (see text-fig. 3). The 
only significant difference in the technique employed was that Smith 
and Butterworth utilised a binomial classification for the spores whilst 
Raistrick employed a numerical system. 

When information related to spore frequency is combined with the 
overall stratigraphic range of the spore, a « biozone » for that species 
may be constructed. Under ideal conditions this feature could be of 
considerable significance for correlation purposes, particularly where it 
is possible to utilise a series of « biozones » for the definition of a 
number of assemblage zones. It must, however, be remembered that 
ecological criteria will in certain circumstances control the frequency 
of spores in any part of the « biozone ». The extent to which stratigra
phical distribution and spore frequency data are combined for the pur
poses of correlation and zonation will depend obviously on the nature 
of the investigation. 

Winslow (1962), in her study of the Upper Devonian and Lower 
Mississippian microfloral assemblages in Ohio, attempted to incorporate 
quantitative data on range charts of the stratigraphical distribution of 
the spores. This attempt to combine the two types of data cannot how
ever be regarded as entirely satisfactory as Winslow only recorded the 
quantitative data in terms of relative frequency, i.e. present, common 
and abundant. Whilst a certain degree of correlation could be achieved 
by Winslow for these deposits it could be argued that, because of the 
interval between both samples and sample localities, no reliable degree 
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Fig. 3. - Miospore frequencies in coal seams at Montagne Colliery, 
Northumberland, after Smith & Butterworth 1967 (Copied with the permission 
of the Palaeontological Association from the original figure used in 

Palaeontology). 

of continuity could be attained from the quantitative data. If this method 
of correlation is to be successfully applied, it is essential that closely 
spaced samples are used and that reliable and uniform counting proce
dures are employed in order to achieve a degree of continuity in the 
quantitative results. 
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A more sophisticated approach to the problem of establishing corre
lations by the use of « biozones » has been made by Alpern. Instead 
of accepting the absolute stratigraphical range of a species as the 
limits for the « biozone », Alpern has defined them statistically (see 
proposals presented elsewhere in this symposium by Alpern) and 
claims (see text-fig. 4) that the resultant biozones may be utilised for 
the correlation of measures in the Upper Westphalian and Stephanian 
coal basins of France (see Alpern 1960 and Alpern et al. 1967). 

Whilst it is readily conceded that the numerical frequency of spores 
and pollen often has considerable stratigraphical significance, it must be 
borne constantly in mind that frequency or abundance of particular 
spore types may well be a function of several physical or ecological 
criteria which can influence the composition of spore assemblages. 
Providing the « biozone » is established from data derived from a num
ber of similar monolithological sources, there is every possibility that 
the principle of « biozone » correlation could be successfully applied. 
The chief problem, however, is in ensuring that the data are derived 
from uniform monolithological samples. In the case of coal seams this 
would involve uniformity of petrographic types within the seam over 
wide areas, since any local variations would be readily apparent in the 
form of the « biozone » profile. Undoubtei;Ily the variations encount
ered in the composition of miospore assemblages obtained from varying 
lithologies and fades even within the same local area would be 
sufficiently great to make correlation using « biozones » completely 
unreliable. 

To be effective for correlation purposes, a « biozone » should be 
constructed on such a scale that all minor vertical variations recorded 
from the succession should be apparent on its profile. When « biozones» 
are drawn for the distribution of a species throughout a long sequence, 
it is inevitable that certain generalisations are made. It would, for 
instance, be necessary to represent the data from any one coal seam in 
a generalised manner rather than as a series of records for each sub
section within the seam. It is doubtful, therefore, if the « biozones » 
produced for long stratigraphic intervals serve any more useful function 
than to outline the broad trends in the distribution of the microfloral 
remains. It is doubtful that any palynological zonation produced from 
the « biozone » profiles throughout a long succession of sediments has 
any greater potential for correlation purposes than that which could be 
suggested using the absolute range of the species concerned and ignor
ing any apparent variations in frequency. The most successful appli
cation of the « biozone » correlation method obviously lies in the 
solution of local coal seam correlation problems where a certain degree 
of uniformity in ecological conditions can be anticipated. 
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This review emphasises that there can be no uniformity in the 
techniques and methods in which correlation by palynological methods 
is attempted. The method selected for use in any circumstances will 
depend on the relative state of palynological knowledge for the part of 
the stratigraphic succession involved and the ecological conditions 
represented in the sediments under examination. 
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DISCUSSION 

Jardine : Dans le livret guide de !'excursion faite dans le Famennien 
superieur de l'Ourthe, les auteurs parlent de cenozones et non de biozones 
et je pense qu'il y a la certainement une difference essentielle. Le Dr Owens 
ne parle-t-il pas de cenozone plutot que de biozone? C'est tres important 
car il y a moins de difference entre une biozone reelle prise dans un milieu 
marin et une biozone prise dans un milieu continental qu'entre des ceno
zones prises en facies marin et en facies continental. 

Alpern : II est certain que toutes les spores venant du milieu continen
tal, c'est l'ecologie du milieu de production qui joue un role et tout le reste 
n'est que la question de mesurer l'echo de cette image continentale vers le 
milieu marin (capacite individuelle de chaque espece d'etre transportee). 
Je suis persuade que l'image marine est toujours une image qui a subi une 
sorte de distorsion par rapport a l'image continentale qui est l'image 
d'origine, l'image primaire. Ces distorsions sont toujours specifiques et ce 
sont ces lois de la distorsion de l'image primitive qui doivent etre mieux 
connues OU mieux etudiees. II est evident que l'image continentale n'est 
valable que si elle est la synthese de nombreux points d'observation et 
qu'elle echappe ainsi aux surevaluations eventuelles dues aux massifs de 
vegetation sporadiques. 

Owens : I agree. If we want to erect a zonation we have to go to the 
continental or coastal deposits and not to a purely marine deposit. We 
need in fact a full representation of the contemporaneous microflora and 
not a restrictive representation. Of course, sometimes a restricted represen
tation is all that we can obtain. 
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Palynology of the Devonian-Carboniferous Boundary 
(Report on Project B of the 3rd C.I.M.P. 

Meeting on Palaeozoic Stratigraphy) 

B. OWENS 1 & M. STREEL 2 

The organisation of Project B was entrusted to M. Streel by the 
Secretary General in December 1968. 

Two circulars were sent out in December 1968 and February 1969 
to palynologists likely to be interested in this particular stratigraphic 
interval. In order to promote discussions, the important palynological 
data concerning this interval in the Ardennes-Rhine Basin, data in part 
unpublished, was sent with the second circular. Very few palynologists 
replied in the detailed manner that was requested. We however wish 
to thank Drs. Kedo (Minsk) and Peniguel (Pau) who sent details of 
the stratigraphic distribution of the principal species in Bielorussia and 
France, Africa and Australia respectively. Several other palynologists 
have sent details of works in press : Lanzoni & Magloire (1969) on the 
western Sahara ; Eames & Graham, who have amplified the results 
previously obtained by Winslow in Ohio. Other palynologists provided 
details of texts or resumes of the principal points in the communica
tions that they were to present at the meeting, i.e. Combaz (Pas-de
Calais), Kaiser (Bear Island), McGregor (Canada) and von Almen 
(Oklahoma). 

In an introductory account, Streel proposed a precise terminology 
which could be used in the subsequent discussions. He described the 
various classic reference sections in the Ardennes-Rhine Basin and 
outlined the correlation possible between the sections as follows : 
1. The boreholes from Tournai and Leuze in the Tournaisis and the 

sections designated as Lower and Middle Tournaisian by Legrand, 
Mamet & Mortelmans 1966. 

2. The sections from the A vesnois : Etroeungt, A vesnelles and St. 
Hilaire designated by Conil et al. at Sheffield and by Mamet at 
Calgary to serve as a basis for a precise definition of the Famen
nian/Tournaisian boundary. 

1 Institute of Geological Sciences, Ring Road Halton, Leeds, Great Britain. 
2 Laboratoire de Paleontologie vegetale, Universite de Liege, Belgique. 
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3. The section at Hastieres, reference section of Tnlb as defined 
by Conil (1964) or of the former Tla of the Belgian Geological 
Map. 

4. The section at Rivage-gare, reference section for the Assise de 
Comblain-au-Pont (Mourlon 1875). 

5. The section at Ratingen. Reference section for the easternmost 
part of the calcareous facies of the Carboniferous. 

6. The sections from Honnetal. International reference sections for 
the succession based on the cephalopods and conodonts. 

These sections are published in detail in the Liege symposium volume 
in order to show the possible palaeontological correlations between 
British Isles, France, Belgium and Germany for the beds at the hori
zon of the Devonian - Carboniferous transition (see Austin et al. 1970). 

On the basis of this evidence Streel commented on the principal non
palynological guide fossils. The most important is without doubt the 
appearance of the goniatite fauna including Gattendorfia subinvoluta 
in zone cu I, marking the base of the Carboniferous (in the sense 
defined by the Heerlen Congress in 1935). He recalled that unfortu
nately Gattendorfia was not found in the other sections where another 
cephalopod, Cymaclymenia euryomphala is present. The latter had been 
found not only in the shales below the limestone with Gattendorfia but 
also at the top of the section of the Etroeungt in the Avesnois. Streel 
noted next the apparent absence of conodont zones in the Hangenberg 
Shales below the limestones with Gattendorfia (1). Conodont assem
blages were however present in the limestone with Gattendorfia 
(Siphonodella zones) and also in the Wocklumer Kalk below the Han
genberg shales (costatus zone). Streel showed next that Siphonodella is 
found in the Dinant region near to the type section at Hastieres and that 
Spathognathodus costatus ultimus ( = to VI) has been found in the 
section recently defined as Fa 2d in the Ourthe Valley (see Excursion 
Guide, 13th April). The conodonts and cephalopods present in the 
Franco-Belgian and German sections show well that the Etroeungt 
section is, at least in part, of Devonian age in the sense defined at 
Heerlen in 1935. This has resulted in the permanently confusing situa
tion in which in France, Belgium and the USSR, one calls part of the 
Tournaisian the Etroeungt Beds which are of Devonian age according 
to the decisions of the Heerlen Congress. Streel next pointed out the 
additional difficulties which had resulted from the fact that the termino-

(1) Postscript: a Protognatlwdus-Fauna has recently been described by Ziegler 
(1969) from a limestone lens inserted within the Hangenberg Shales at Stockum. 
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logy of Lower Tournaisian chronostratigraphic connotations covered 
very diverse stratigraphic interpretations. He stated that the Lower 
Tournaisian defined at Tournai by Legrand, Mamet & Mortelmans 
possessed only a guide fauna of foraminifera which trangressed the 
Dev./Carb. boundary sensu Heerlen 1935. There was not, therefore 
enough non-palynological proof that the Lower Tournaisian defined 
at Tournai was to be regarded as Devonian or Carboniferous. 

Streel then recalled that an assemblage of spores had been described 
in 1962 by Mrs. Caro-Moniez from the Tournai borehole in Belgium. 
He showed that his assemblage contained in reality both Hymenozano
triletes lepidophytus Kedo and H. pusillites Kedo and he then attempted 
to place this assemblage in the succession of spore assemblages 
encountered in the Ardennes-Rhine Basin. 

It was next pointed out by Streel that the assemblage isolated from 
the uppermost Famennian deposits (in the sense of Legrand, Mamet 
& Mortelmans 1966), is in reality of Lower Tournaisian age and 
seems to correspond to that part of Tnlb that could be of Carboni
ferous age in the sense of the Heerlen Congress of 1935. 

Finally summarising th(f different quantitative and qualitative palyn
ological characteristics which occur from Fa2c (Evieux) to Tn2a, 
Streel suggested by comparison with the reference sequence in the 
Ardennes-Rhine Basin, correlations for the different sets of detailed 
information that had been received. He placed particular importance 
on the quantitative characteristics of species such as Hymenozano
triletes lepidophytus and H. pusillites and noted particularly new impor
tant information received from Lanzoni & Magloire where assemblages 
rich in Vallatisporites had been found in samples from the Algerian 
Sahara occurring above the level of Gattendorfia. In conclusion, Streel 
proposed to supply a report on the stratigraphical value of those 
species. (This report is published in the present volume : see p. 121). 

* ** 
The principal palynological results of an examination of the Lower 

Carboniferous of Bear Island were then outlined by Dr. Kaiser. The 
succession examined is summarised below, 

Upper Carboniferous 

Culm Series 
Tunheim Series (coal bearing) 
Flozleeres 

Lower Carboniferous plant fossils 
Cyclostigma - Archaeopteris flora 

Misery Sandstone Series (coal bearing) 

Ordovician 
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Kaiser reported that he had recorded Hymenozanotriletes lepidophytus 
var. minor from the Tunheim Series which had also yielded a macro
flora containing Cyclostigma and Archaeopteris. He suggested there
fore that this unit was of Tnla age. He noted that H. lepidophytus var. 
minor occurred in considerable numbers from its first appearance and 
that J_,ophozanotriletes rarituberculatus (Luber) Kedo occurred in the 
middle part and Hymenozanotriletes explanatus (Luber) Kedo in the 
upper part of the stratigraphical range of H. lepidophytus var. minor. 
Kaiser concluded that the sequence of miospores occurred in Bear 
Island in the same order as in the Belgian deposits described by Streel. 

A report from Dr. von Almen on the microfloral assemblages from 
the Woodford Shale in Oklahoma was then read by Dr. Streel. The 
Woodford Shale spans the Devonian - Mississippian boundary. Hyme
nozanotriletes lepidophytus has not been recorded by von Almen and 
he therefore claimed that the assemblages from the upper part of the 
Woodford Shale were younger than Strunian. In general, the assem
blages that have been recovered are dominated by leiospheres and 
Tasmanites but contain distinctive miospore species including Pustula
tisporites gibberosus (Hacquebard) Playford, Murospora subtera 
(Waltz) comb. nov., Perotrilites perinatus Hughes & Playford, Lopho
zanotriletes dentatus Hughes & Playford, Discernisporites irregularis 
Neves and D. concentricus Neves. A Tournaisian age has been esta
blished for the upper part of the Woodford Shale which is supported by 
Woodford conodont assemblages from a nearby erea as reported by 
Hass & Huddle (1965). The absence of Hymenozonotriletes lepido
phytus, Dicrospora multifurcata Winslow, Lophozonotriletes rarituber
culatus and V allatisporites vallatus Hacquebard from the Woodford 
Shale assemblages may well result from some ecological control on the 
composition of the assemblages or from inadequate sample coverage 
of the section. 

Dr. McGregor next reported on the palynological work carried out 
in three widely separated parts of Canada at the horizon of the Devon
ian - Carboniferous boundary. 

1) Maritime Provinces : There is unfortunately no stratigraphic con
trol available for the assemblages that have been recovered from the 
lower part of the Horton Group in Nova Scotia. Hymenozanotriletes 
lepidophytus, H. pusillites, Retusotriletes incohatus Sullivan and spores 
with processes with multifurcate terminations belonging to either Dicro
spora or Hystricosporites were however all recorded in the assemblages. 

2) Southern Ontario : Miospore assemblages have been recovered 
from the Kettlepoint Formation, Bedford Shale, Berea Sandstone and 
Sunbury Formation from both surface and borehole material. Support-
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ing palaeontological evidence is available from conodonts in the case 
of the Kettelpoint Formation; this evidence was, however, obtained 
from different horizons to the spore assemblages. The assemblages from 
the Kettelpoint Formation contain the following distinctive elements : 
Emphanisporites sp. (rare), Reticulatisporites fimbriatus Winslow, 
Hymenozonotriletes famenensis Kedo, H. pusillites (including large 
spinose forms), and Lophozanotriletes cristifer (Luber) Kedo. The 
overlying Bedford Shale assemblages also contain Hymenozonotriletes 
famenensis and H. pusillites and, in addition, contain Hymenozanotri
letes lepidophytus, ? Dicrospora multifurcata and Corbulispora cf can
cellatus. Winder (1966), commenting on the conodonts recorded from 
this interval, has noted that the presence of Spathognathodus inornatus 
Branson & Mehl suggests an uppermost Famennian age for the for
mation. 

McGregor has recorded the presence of Hymenozonotriletes lepido
phytus, H. pusillites, H. famenensis and Reticulatisporites fimbriatus 
from the overlying Berea Sandstone which he therefore also considers 
to be of Strunian age. 

3) Yukon: McGregor reported that he had recorded similar assem
blages from the Imperial Formation on the eastern flank of the Richard
son Mountains (no independent palaeontological evidence was available 
from the Imperial Formation to support the palynological results). The 
assemblages recorded by McGregor, which are considered to be of 
Strunian age, contained representatives of the following species : Hyme
nozonotriletes lepidophytus, H. pusillites, Vallatisporites vallatus, Lo
phozonotriletes rarituberculatus, L. malevkensis (Naumova) Kedo, L. 
cristifer and Reticulatisporites fimbriatus. 

Details of the palynological work carried out on the Devonian -
Lower Carboniferous boundary in Southern England and Southern 
Ireland were then presented. Dolby presented a palynological report 
on the transitional microfloras from the Upper Old Red Sandstone to 
Lower Carboniferous from four widely separated sections : Hook Head 
in Southern Ireland; West Angle Bay, Pembroke, South Wales; Baggy 
Point in North Devon ; and Burrington Combe, Somerset. As a result 
of this study Dolby has reported that it is possible to recognise three 
distinct associations of miospores which are characterised in ascending 
stratigraphical order by the following species : Hymenozonotriletes lepi
dophytus, Verrucosisporites nitidus (Naumova) Playford and Vallati
sporites vallatus Hacquebard (with V. verrucosus Hacquebard). In the 
section at Hook Head in Eire, Dolby reported that Hymenozanotriletes 
lepidophytus was restricted in occurrence to the Old Red Sandstone, 
between 3 80 ft. and 415 ft. below the Lower Limestone Shales. V erru-
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cosisporites nitidus appeared at an horizon 155 ft. below the Lower 
Limestone Shales. The gap of 225 ft. between these two assemblages 
contained mainly red beds, with three horizons containing neither the 
H. lepidophytus nor the V. nitidus associations but only the species 
common to both. The stratigraphic range of V errucosisporites nitidus 
extends to the top of the overlying Lower Limestone Shales. The 
Vallatisporites vallatus - V. verrucosus association appears first some 
42 feet above the base of the Lower Limestone Shales which are 
approximately 160 feet thick at Hook Head. 

In the West Angle Bay succession Dolby has recorded Hymenozono
triletes lepidophytus from the Skrinkle Sandstone and Vallatisporites 
spp. as appearing in the Lower Limestone Shales which are up to 560 
feet thick in Pembrokeshire. The sequence is comparable to the situa
tion in the Burrington Combe succession where Dolby reported finding 
Hymenozanotriletes lepidophytus, Corbulispora subalveolaris (Luber) 
Sullivan, Dictyotriletes trivialis Naumova, Knoxisporites literatus 
(Waltz) Playford and Dicrospora multifurcata from the upper part of 
the Old Red Sandstone. Vallatisporites spp. did not appear in the 
Burrington Combe section until the middle of the Lower Limestone 
Shales. 

At Baggy Point in North Devon, Dolby reported that Hymenozono
triletes lepidophytus had been found in the Baggy Beds and in the 
succeeding Pilton Beds. "Local tectonic disturbances had led to extensive 
deformation of the microfloral residues in the Baggy Point succession. 

Finally, Utting reported on a palynological study carried out in 
classic Lower Carboniferous section in the Avon Gorge, Bristol. Spore 
assemblages were described from the Lower Limestone Shales and 
Bryozoa Bed of K Zone age, the Shirehampton Beds of Km Zone age 
and the Portishead Beds of the Upper Old Red Sandstone. Utting re
ported the appearance of Hymenozanotriletes lepidophytus in the Por
tishead Beds at an horizon approximately 190 feet below the Bryozoa 
Bed. He noted that Hymenozanotriletes pusillites and Vallatisporites 
spp. were absent in the assemblages from the Portishead Beds but 
that Hymenozanotriletes famenensis, Hystricosporites sp. and Ancyro
spora sp. were present. The assemblage recovered from a thin green 
shale with plant fragments belonging to Rhacophyton at the top 
of the Portishead Beds contained no representatives of Hymenozanotri
letes lepidophytus but did contain Retusotriletes incohatus and Knoxi
sporites literatus. Hymenozanotriletes lepidophytus was also absent 
from the overlying Shirehampton Beds which yielded assemblages 
closely comparable in composition to those described by Sullivan 
(1964) from the Lower Limestone Shales of the Forest of Dean, 
Gloucestershire, England. 
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Distribution stratigraphique et geographique 
d 'Hymenozonotriletes lepidophytus Kedo, 

d'Hymenozonotriletes pusillites Kedo et des 
assemblages tournaisiens. 

(Synthese du Projet B du 3e semmaire C.I.M.P. sur la Stratigraphie 
du Paleozoique). 

M. STREEL 1 

Avec 3 figures dans le texte. 

Les recherches des dernieres annees ont montre que les stratotypes 
ouest-europeens des couches de passage du Devonien au Carbonifere 
ne pouvaient fournir une succession continue d'assemblages de spores 
qui transgressent la limite adoptee a Heerlen en 1935. Notamment, 
nous avons du constater l'absence de spores dans le Hangenberg Kalk 
de l'Honnetal et dans ses equivalents lateraux (Streel 1969). On 
connait aujourd'hui des assemblages bien dates du sommet du Devonien 
(Famennien et Tournaisien inferieur) et des assemblages du Carbonifere 
inferieur (Tournaisien inferieur, moyen et superieur) soit qu'ils provien
nent des stratotypes eux-memes, soit qu'ils sont associes a des faunes 
caracteristiques de ces ages. Mais l'intervalle stratigraphique precis ou 
ces assemblages se remplacent l'un par l'autre n'a pas encore ete nette
ment defini. Cela tient a la fois a une confusion de nomenclature au 
niveau de l'etage Tournaisien (« Strunien » etc ... ) et a une utilisation 
insuffisante des donnees biostratigraphiques des faunes en particulier 
de celles qui permettent la subdivision du Tournaisien. Les tableaux 
publies par Playford 1962, Richardson 1964, Kedo 1967, Richardson 
(in Tschudy et Scott) 1969 et Kaiser 1970" sont tous plus ou moins criti
cables a cet egard et leur revision s'impose a la lumiere des nouvelles 
informations acquises. 

II nous parait evident qu'a defaut de pouvoir caracteriser la limite 
Devonien/Carbonifere dans les stratotypes eux-memes on doit, comme 
premiere hypothese de travail, utiliser Jes assemblages associes a des 

1 Laboratoire de Palfontologie vegetale, Universite, place du Vingt-Aofrt, 
Liege, Belgique. 
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faunes bien datees pour construire une trame de donnees palynologiques 
de references a laquelle on puisse ensuite superposer les donnees palyno
logiques dont l'age est deduit des spores elles-memes. C'est la methode 
de travail suivie ci-dessous. Nous l'appliquerons separement aux assem
blages du sommet du Devonien et aux assemblages du Carbonifere 
inferieur parce que le nombre des informations faunistiques est bien plus 
considerable dans le premier cas que dans le second. Nous insistons 
cependant sur le fait que la limite Devonien/Carbonifere, basee sur la 
succession de Cephalopodes toVI/cuI, ne se place pas necessairement 
entre ces deux lots d'assemblages et peut, au contraire, se situer dans la 
partie superieure extreme du premier ou dans la partie inferieure extreme 
du second (Streel 1969, fig. 3; Bouckaert, Streel & Thorez 1970; fig. 3; 
Paproth & Streel 1970). 

I. LA ZONE D'ASSEMBLAGE A HYMENOZONOTRILETES 
LEPIDOPHYTUS KEDO ET A HYMENOZONOTRILETES 
PUSILLITES KEDO SENSU LATO. 

Pour aborder le probleme de la limite Devonien/Carbonifere, il n'est 
pas necessaire de considerer tout le Famennien. H. lepidophytus est sans 
aucun doute une espece confinee au moins dans sa zone d'abondance 
au sommet du Devonien superieur (Kedo 1957•, Streel 1966, 1969). 
II apparait dans de nombreuses coupes du bassin de Dinant en Belgique 
au sommet des couches d'Evieux dans le Famennien superieur. Au strato
type de la gare de Rivage, le bane ou se rencontrent les premieres H. 
lepidophytus marque la limite Fa2c/Fa2d (voir Bouckaert, Streel & Thorez . 
1968, Bouckaert, Streel, Thorez & Mound 1969). Caracteriser tout le 
Famennien par H. lepidophytus (Taugourdeau-Lantz 1967, Richardson 
1969, fig. 11/3) constitue done une approximation enorme tant que l'on 
n'a pas publie les arguments faunistiques qui la justifierait. 

A. Succession d'assemblages a H. lepidophytus dans les bassins ardenno
rhenans et leur controle stratigraphique par les faunes marines. 

Nous avons donnes (Paproth & Streel 1970, fig. 1) la distri
bution stratigraphique des principales spores etudiees dans les bassins 
ardenno-rhenans entre le Fa2b (zone de conodontes a Sc. velifera) et 
le Tn2a (zone de conodontes a Siphonodella crenulata) delimitant quatre 
zones ( cenozones) et leurs subdivisions. II doit etre bien compris ici 
que cette succession biostratigraphique des bassins ardenno-rhenans 
repose, en ce qui concerne la sous zone Pls (pusillites-lepidophytus 
superieur), sur une evidence recente: la supe1position dans le temps, et 
non !'equivalence comme suppose precedemment, des schistes de 
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Hangenberg sur l'assise de Comblain-au-Pont, les couches d'Etroeungt 
sensu stricto (Gosselet) se pla9ant approximativement entre les deux 
formations. Cette evidence est le resultat de decouvertes recentes qui 
associent de bas en haut de l'echelle stratigraphique concernee : 

a) Spathognathodus costatus ultimus, H. lepidophytus abondant 
(zone de taille C) et H. pusillites present, soit la sous-zone Pli, dans 
la partie inferieure des couches de Comblain-au-Pont. 

b) Cymaclymenia euryomphala, H. lepidophytus (var. minor et tener) 
abondant (zone de taille E-F), H. pusillites present et !'apparition de 
Lophozonotriletes rarituberculatus, Grandispora echinata et Cristatisporites 
echinatus, soit la sous-zone Plsl au-dessus des couches de Comblain
au-Pont sensu stricto (Mourlon, voir Streel 1966, hors-texte 2 : coupes 
de l'Ourthe), dans la partie superieure du Calcaire d'Etroeungt. 

c) Dans les 50 cm de base des schistes de Hangenberg a Oberroding
hausen, les memes associations de Cephalopodes et de spores sont 
observees auxquelles s'ajoutent Knoxisporites literatus et Corbulispora cf. 
subalveolaris. La grande taille des spores de H. lepidophytus est inter
pretee (Paproth & Streel 1970) comme le temoin d'un melange de cette 
sous-zone Pls avec des elements remanies de la sous-zone Plm plus 
ancienne. 

d) Au-dessus de c, a Oberrodinghausen, une faune a Jmitoceras 
ou Cymaclymenia euryomphala est absent, a laquelle est associee un 
assemblage de spores comparable a c, mais ou H. pusillites peut atteindre 
des pourcentages eleves ( ± 20 %). 

c) et d) contiennent la sous-zone Pls2. 

e) A Stockum, une faune a Imitoceras et une faune a Protognathodus 
(Ziegler 1969) associee a un assemblage de spores ou H. lepidophytus 
et H. pusillites sont moins abondants mais qui contient par contre 
Hymenozonotriletes explanatus et Dictyotriletes trivia/is soit la sous-zone 
Pls3. Siles faunes de Stockum indiquent sans ambigui:te un age Devonien 
terminal, il faut remarquer que !'assemblage de spores a ete aussi trouve 
plusieurs metres au-dessus de cette faune et peut, par consequent, 
transgresser la limite Devonien/Carbonifere dans un facies schisteux ou 
cette limite n'a pu, meme a l'aide d'Ostracodes (voir Rabien 1960), 
etre definie jusqu'a present. 

Cette succession suggere un etalement assez considerable dans le temps 
des assemblages de spores presents dans les divers types de sediments 
qui s'etagent entre le sommet des couches de Comblain-au-Pont dans la 
vallee de l'Ourthe et la base du Hangenberg Kalk (base du cul) dans 
l'Honnetal. Elle contraste singulierement avec !'approximation relative
ment recente qui consistait a faire correspondre la base du Carbonifere 
avec le sommet des couches de Comblain-au-Pont. 
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Au fur et a mesure de l'avancement des recherches, la pertinence de 
la succession proposee plus haut et de ses consequences sur !'interpre
tation des couches de passage du Tnla au Tnlb, trouve un echo non 
seulement dans la faune des bassins ardenno-rhenans, mais aussi clans 
Jes successions des assemblages de spores decrites dans d'autres regions : 

a) Weyer(communicationpersonnelle, voir aussi Ziegler 1969, p. 348, 
Abb. 2) suggere qu'un hiatus faunistique se place entre la faune a Gat
tendmfia et la faune a Wock/umeria clans la coupe classique du Bohlen 
en Republique Democratique Allemande. 

Ziegler a montre qu'entre le sommet de la zone de conodontes 
costatus sup. et la base de la zone a Siphonode/la su/cata s'intercale 
une faune a Protognathodus ou l'on peut identifier au moins deux zones 
de la succession equivalente americaine, caracterisees de bas en haut 
respectivement par Protognathodus meischneri et par Protognathodus ku
ehni (voir Ziegler 1969, Nachtrag, p. 357 et Koch, Leuteritz & Ziegler 
1970). Il existe done une zone a Conodontes entre la faunule de 
Stockum et celle qui caracterise la base du Carbonifere clans l'Honnetal. 
D'autre part, le contact entre la faune a Protognathodus et le sommet 
de la zone a Sp. costatus n'a jamais ete observe et il est possible qu'au 
moins une zone a Conodontes encore non identifiee s'intercale a ce 
mveau. 

Lors de l'examen des Pilton Beds pres de Barnstaple et des Lower 
Limestone Shales de l'Avon Gorge, Austin, Druce, Rhodes & Williams 
(1970) ont particulierement insiste sur la diversification probable des 
assemblages de Conodontes a ce niveau stratigraphique de transition 
Devonien/Carbonifere. Les travaux recents d' Austin, Conil, Rhodes 
& Streel (1970) et d' Austin & Rhodes (1970) confirment leur point de vue 
en demontrant !'existence d'une zone particuliere (peut-etre une faune 
particuliere de plateforme, contemporaine de la faune a Protognatho
dus ?) clans les equivalents lithostratigraphiques du Tnlb inferieur et 
comprenant notamment une faune a Patrognathus variabilis, en partie 
plus ancienne que les faunes a Siphonodel/a duplicata, mais plus recente 
que la zone a spores Plsl. 

II n'est pas inconcevable, par consequent, d'admettre que les couches 
inferieures du Tnlb clans les region-types d'Hastiere (assise d'Hastiere) 
et de l' Avesnois (Calcaire noir d' Avesneslles) representent des formations 
extremement condensees. Ces formations prendraient clans le Tournaisis 
un developpement mieux en rapport avec leur importance reelle clans le 
temps. Nous avons suggere en effet (Streel 1966, 1969; Paproth & 
Streel 1970) que le Tnlb presentait quelque 50 metres de puissance 
clans le sondage de Tournai contre une trentaine de metres au maximum 
clans le bassin de Dinant. L'assemblage de spores situe a 315 m clans le 
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sondage de Tournai et attribue jadis au Famennien inferieur par Caro
Moniez (1962) correspond en realite a la zone Pls3 sous un facies un 
peu different ou H. lepidophytus (zone de taille F) et H. pusillites sont 
peu abondants. II n'est pas exclus qu'il constitue !'assemblage le plus 
recent contenant H. lepidophytus qu'il nous ait ete donne d'observer 
dans les bassins ardenno-rhenans; qu'il appartienne au Devonien ter
minal OU a la base du Carbonifere est encore incertain. 

b) Kedo 1963 en Bielorussie, Lanzoni & Magloire 1969 au Sahara 
algerien, Dolby 1970 en Grande-Bretagne, Peniguel in Owens & Streel 
1970 en Australie et en Afrique du Nord, Walton & Mason au Canada 
(communication orale au Symposium du Devonien a Calgary, 1967) 
ont montre que H. pusillites Kedo (1) est plus abondant, voire apparait 
seulement, dans la partie superieure de la zone a H. lepidophytus. On ob
serve done une succession comparable a celle des bassins ardenno-rh6nans 
ou H. pusillites est relativement rare dans les sous-zones Pli a Plsl. 

La carte (fig. 1) montre la tres large distribution de ces successions 
d'assemblages a H. lepidophytus et H. pusillites sensu lato autour du 
monde et leur incontestable caractere de generalite. La valeur strati
graphique precise du point d'apparition du debut de l'abondance d'H. 
pusillites sensu lato est cependant extremement douteuse comme nous le 
verrons dans la suite (voir C) particulierement si l'on accepte avec Dolby 
(1970 et communication personnelle) l'independance specifique de Vallati
sporites pusillites, V. vallatus et V. verrucosus. 

B. Zonation basee sur les variations de taille d'H. lepidophytus. 

Kedo (1957" et 1962) a attire la premiere fois !'attention sur la reduc
tion de la taille moyenne d'H. /epidophytus des assemblages les plus 
anciens aux assemblages les plus recents et sur le parti stratigraphique 
que l'on pouvait en tirer. Nous avons montre (Streel 1966 et 1969) 
que cette reduction etait en realite tres progressive et qu'elle s'amor9ait 
dans une population d'individus dont l'histogramme de distribution de 
taille a une allure typiquement bimodale et un interquartile maximum 
depassant 65 µ (zone C). 

Des la zone D dont la base correspond dans le stratotype de la vallee 
de l'Ourthe grosso modo au contact Fa2d/Tnla, les histogrammes de 
distribution de taille prennent une allure unimodale et !'interquartile 

(1) Dans sa reponse it la deuxieme circulaire echangee avec Jes palynologistes qui 
ont bien voulu collaborer au projet B, le Docteur G. Kedo a indique qu'elle considerait 
Vallatisporites vallatus Hacquebard et V. splendens Staplin & Jansonius comme faisant 
partie de la population d'H. pusillites Kedo. 
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maximum passe progressivement par les valeurs 55 µ (D/E) et 50 µ 
(E/F). Dans la zone F, }'interquartile minimum descend a 40 µ voire 
meme a 35 µ. 

Cette decroissance de taille a ete retrouvee par Dolby (1970) dans 
les Baggy et Pilton Beds en Grande-Bretagne. Nous avons indique par 
des fleches sur la carte (fig. 1) les regions ou ces criteres sont mis en 
evidence et ont ete utilises a des fins stratigraphiques. D'autres obser
vations sur la taille d' H. lepidophytus ont ete faites par Kaiser (1970b) 
dans l'Ile aux Ours, par Walton (communication personnelle) dans 
l'ouest et le nord-ouest canadien et par nous-memes dans des echantillons 
du Sahara algerien correspondant a la zone L 7 de Lanzoni & 
Magloire 1969. Tous ces assemblages se placent dans les zones de 
taille E-F et correspondent d'ailleurs dans chaque cas a la cenozone 
Pls, comme dans les bassins ardenno-rhenans. Ce critere biometrique 
ne peut etre utilise avec securite si l'on ne dispose pas d'une sequence 
suffisamment continue pour, de bas en haut : 

1) verifier une partie au moins du phenomene de diminution de la taille; 
2) controler par l'analyse des tailles de !'ensemble des spores de I' as

semblage s'il n'a pas subi un tri granulometrique croissant et enfin 
3) s'assurer de l'absence d'inversion dans le phenomene de diminution 

de la taille, liee par exemple a !'intervention de sediments remanies. 

C. Succession basee sur les variations d'abondance d'H. lepidophytus 
Kedo et H. pusillites Kedo. \1 

Dans le stratotype de la vallee de l'Ourthe, 3 m de sediments separent ·,,\·' '·. 
le point d'apparition d' H. lepidophytus de la base de sa zone d'abondance. 
Dans les sediments de la plate-forme russe et de l'Oural des assemblages I 
ou l'on ne trouve pas H. lepidophytus sont surmontes sans transition par · i: 
des assemblages, par ailleurs tres semblables aux premiers, mais qui en .

1
\, 

contiennent une proportion importante (Kedo 1957a, Shevchenko, 
Karpov, Nechayeva & Nazarenko 1965, Tchibrikova 1966). Aux U.S. A .. 
!'extension massive d'Endosporites lacunosus Winslow (il fait partie du 
concept specifique d'H. lepidophytus selon Owens & Streel 1968) se pro-
duit au sommet des Ohio Shales (Cleveland Member) ou dans les 
Bedford Shales, soit dans des facies lithologiques differents. Ces faits 
suggerent une certaine independance du phenomene d'extension d'H. ,,, 
lepidophytus vis-a-vis du type de sedimentation et plaident plutOt en /',11,: 
faveur d'une cause climatique. / 

, Ni en Europe ni en Amerique du Nord, les faunes en presence ne 
s'opposent a l'idee d'une extension massive pratiquement contemporaine 
de cette espece. L'utilisation pratique de ce critere est evidemment sou
mis aux lois generales de la distribution quantitative des microfossiles 
vegetaux par les courants aeriens, fluviaux et marins. Dans l' Avesnois, 
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par exemple, les apports en microfossiles vegetaux, dont H. lepidophytus, 
sont relativement peu abondants dans les schistes de l'Epinette (Conil 
& Lys 1970). L'extension massive est retardee jusqu'au niveau des couches 
d'Etroeungt sensu stricto ou la population d'H. lepidophytus se presente 
d'ailleurs avec les caracteristiques biometriques de la zone de taille E. 
Le critere de l'extinction d'H. lepidophytus n'est d'aucun secours pour les 
correlations interregionales. Il faut admettre, en effet, que cette espece 
se prolonge localement, et generalement a l'etat sporadique, au Tour
naisien et meme au Viseen sous les formes H. /epidophytus var. tener 
Kedo, H. molestus Ischenko, H. mentitus Ischenko et Retispora florida 

'l Staplin. 

La signification stratigraphique de !'extension massive d'H. pusillites 
sensu lato ne peut etre discutee sans mettre en cause le statut specifique 

, du taxon decrit par Kedo (1957b). L'illustration variee donnee ensuite 
' (Kedo 1963, Tab. VI) demontre que ce concept specifique est large et 
1 comprend plusieurs especes decrites ulterieurement dans la litterature 
· occidentale. Or ces especes ont une extension massive qui se place a 

des niveaux stratigraphiques differents : par exemple : Vallatisporites 
sp. 2910, V. cf. splendens 2930 et V. cf. banffensis 2891 au Sahara alge
rien (Lanzoni & Magloire 1969). Parmi les especes figurees par ces 
auteurs, aucune ne parait correspondre au concept restreint de Vallati-

~
orites pusillites Dolby & Neves. En revanche, nous voyons' de fortes 

• finites entre : Val!atisporites sp. 2910 in Lanzoni & Magloire, 
: ymenozonotriletes pusillites figure 139 in Kedo 1963 et Vallatisporites 
i)allatus Hacquebard; V. cf. splendens 2930 in Lanzoni & Magloire, 
if. pusillites figure 141 in Kedo 1963 et V. verrucosus Hacquebard; V. 
cf. banffensis 2891 in Lanzoni & Magloire, H. pusillites var. major 
Kedo 1963, V. banffensis Staplin & Jansonius et V. ciliaris (Luber) 
Sullivan. 

L'extension massive de Vallatisporites pusillites Dolby & Neves est 
plutot progressive a mi-hauteur des schistes de Hangenberg a Ober
rodinghausen (Streel 1969, fig. 2). En revanche, elle est soudaine des 
la base des sediments attribues par Kedo (1963) aux couches de 
Malevka, mais nous savons qu'au niveau des couches d'Ozersk-Hovansk 
sous-jacentes, une lacune de sedimentation est frequente (Golubkov et 
al. 1968). 

V. vallatus et V. verrucosus sont abondants dans les assemblages de 
la partie superieure des Lower Limestone Shales en Grande-Bretagne 
(Ass. 3 de Dolby 1970) separes du sommet de la zone a H. lepidophytus 
par des assemblages a Verrucosisporites nitidus Playford. Les deux especes 
ont ete decrites dans des sediments attribues au Horton Group en 
Nouvelle Ecosse (Hacquebard 1957, Playford 1964) et retrouves recem
ment dans le New Brunswick (Varma 1969). Dans cette region, les 
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assemblages riches en Verrucosisporites nitidus ne sont pas plus anciens, 
mais au contraire sont plus recents que les assemblages a Vallatisporites. 
Au Sahara algerien cependant, V. vallatus parait bien avoir ete abon
dant dans des couches plus anciennes, c'est-a-dire dans la partie supe-

:·\· rieure de la zone a H. lepidophytus, tandis que V. verrucosus y apparaitrait 
I en abondance immediatement au-dessus de la lacune qui separe les 
:\' 
\ assemblages LlO et M2 de Lanzoni & Magloire (1969). 

Les donnees palynologiques considerees isolement ne sont done pas 
en faveur d'un synchronisme des zones d'abondance de ces diverses 
especes de Vallatisporites dans les differentes regions du monde concer
nees. De plus, leurs alternances avec des assemblages moins caracteris
tiques a Dictyotriletes trivia/is OU a Verrucosisporites nitidus les rendent 
suspectes d'etre controlees au moins par le milieu regional. D'autre part, 
les faunes marines qui permettraient de les dater, sont relativement rares. 
D'ou l'interet majeur de l'etude d'Utting & Neves (1970) dans la 
coupe classique de I' Avon Gorge OU I' assemblage a Verrucosisporites 
nitidus (Ass. 1) est decrit de part et d'autre du « Bryozoa Bed» ou 
apparaissent des Conodontes typiques (2) de la base du Carbonifere 
(voir Austin et al. 1970). Si l'on accepte les conclusions de Dolby 
(1970) qui utilise les successions des assemblages a Vallatisporites sur 
les assemblages a Verrucosisporites nitidus comme un niveau de correla
tions regionales valable des Mendips a l'Irlande, il est evident que ces 
assemblages a Vallatisporites appartiennent au Carbonifore (zone K de 
Vaughan). Dolby (1970) les considere d'ailleurs de meme age que 
la seconde partie de notre assemblage trivialis-explanatus sans aucun 
doute Carbonifere lui aussi. Leur age contraste done ayec l'age Devonien 
terminal des assemblages a Vallatisporites pusillites des Schistes de 
Hangenberg de l'Honnetal. L'age precis de la zone a Hymenozonotriletes 
pusillites Kedo (mll) en Bielorussie pourrait se situer entre les deux 

1
, precedents puisque cette zone contient, dans des proportions mal 

connues, a la fois V. pusillites, V. vallatus et V. verrucosus. II reste a 
demontrer de quel cote de la limite Devonien-Carbonifere cette zone se 
place exactement en Bielorussie. Nfanmoins, on doit constater que son 
utilisation par Kedo pour identifier cette limite est assurement la meilleure 
approche palynologique du probleme actuellement possible. 

L'absence de V. pusillites Dolby & Neves dans les assemblages equi
valents a notre sous-zone Pls dans le Yukon (McGregor 1970) et 
dans l'Ile aux Ours (Kaiser 1970 • et b) est plutot surprenant. De 
meme, nous avons pu etudier dans le laboratoire du Dr S. N. Naumova 

(2) II s'agit cependant de Siphonodella « evoluees » et leur point d'apparition ne 
marque pas, par consequent, la base du Carbonifere rnais deja des couches equiva
lentes aux couches rnoyennes ou superieures du Hangenberg Kalk de l'Hiinnetal. 
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a Moscou des assemblages contemporains provenant de l'Oural et 
depourvus aussi de V. pusillites. De plus, cette espece, bien que presente, 
ne parait pas jouer un role important dans Jes sediments du Sahara 
algerien. Confrontees sur une carte (Fig. 1) portant Jes paleolatitudes du 
Devonien superieur (d'apres Briden & Irving 1964 et Khramov 1968) 
ces observations rappellent la proposition de Sullivan (1967, 1968) de 
l'existeiice d'une zonation palynologique latitudinale « tournaisienne » 

·.,'\/ '\ OU Jes Vallatisporites caracteriseraient par leur abondance Jes regions 

1 « inter-tropicales ». 

D. Successions d'assemblages a H. lepidophytus decrits en contribution 
au Projet B. 

Nous reprenons en annexe (Fig. 3) la liste de toutes Jes especes citees 
dans Jes 23 assemblages decrits par ailleurs dans ce volume ou dans des 
travaux immediatement anterieurs des memes auteurs (par exemple Neves 

I 1 I 2 13-6 j 7-8 j 9-17 j 18-23 

Hymenozonotriletes famenensis -----------

Hystricosporites div. sp. -- -- -- -- ---
Hymenozonotriletes lepidophytus ---------

Vallatisporites pusillites ---------

Anapiculatisporites ampullaceous -------

Apiculiretusispora sp. A -------

Pustulatisporites gibberosus ----------

Baculatisporites fusticulus --------

Cristatisporites echinatus --------

Grandispora echinata --------
Lophozonotriletes rarituberculatus --------

Ancyrospora ? capillata ---

Reticulatisporites ? fimbriatus ---

Dictyotriletes trivialis ------

Hymenozonotriletes explanatus ------

Knoxisporites literatus ------

tophozonotriletes malevkensis ------

Punctatisporites irrasus ------

Raistrickia corynoges ------

Vallatisporites vallatus ------

Vallatisporites verrucosus ------
Corbulispora --- ---
Endosporites macromanifestus ---

Tab. 1. Voir ] 'identification des assemblages 1 a 23 en tete de la Fig. 3, en annexe. 
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& Dolby 1967 et Dolby & Neves 1970). Sur cette liste les assemblages 
sont ventiles en fonction de leurs affinites les plus probables avec les 
differents termes de la succession des assemblages ardenno-rhenans. 
Toutes les especes figurees dans le present volume sont repertoriees. 
Enfin, quelques synonymies probables sont mises en evidence (voir la 
legende de la Fig. 3) encore que nous soyons conscients qu'un tel travail 
de comparaison ne puisse etre mene a bien que par !'examen des speci
mens eux-memes. Les colonnes 18 a 23 groupent les assemblages « post
/epidophytus)); ils sont etudies dans la deuxieme partie de cette note. 

Un certain nombre d'especes (et de formes tres voisines) dont nous 
avons encadre (Fig. 3) la distribution stratigraphique ont ete ensuite 
selectionnees parce qu'elles apparaissaient dans une meme sous-zone 
dans plusieurs regions. Ces especes sont reunies sur le tableau 1. 

Deux changements majeurs dans la succession des cenozones se situent 
de part et d'autre des assemblages 9-17. Le premier correspond a !'appa
rition d'une dizaine d'especes appartenant pour la plupart a des genres 
frequents au Carbonifere inferieur, tels que Dictyotriletes, Knoxisporites, 
Lophozonotriletes, Raistrickia, Vallatisporites et Corbulispora. Dans les 
bassins ardenno-rhenans, il se situe dans l'intervalle sedimentaire qui 
separe le sommet des couches d'Etroeungt des equivalents lateraux des 
schistes de Hangenberg. Aucun des assemblages 9 a 17 n'apparaissent 
cependant au-dessus d'assemblages plus anciens (Plsl) dans un meme 
profil. Plusieurs especes de type Carbonifere apparaissent dans les 
assemblages 18-23; on peut les rechercher dans les listes annexes de la 
Fig. 3. Mais le fait majeur de la limite 9-17/18-23 est sans nul doute 
!'extinction, au mains regionale, de plusieurs taxa dont les plus impor
tants sont : H. lepidophytus, Vallatisporites pusillites, Hymenozonotriletes 
jamenensis et Ancyrospora ? capillata. Ceci traduit plus un changement 
de facies dans la vegetation que le resultat d'une evolution progressive. 
Dans les bassins ardenno-rhenans, ce changement se place dans le Tnlb 
inferieur sans qu'il ait ete possible jusqu'a present de decider s'il intervient 
en-dessous ou au-dessus de la limite Devonien/Carbonifere. Des banes 
carbonates epais depourvus de spores s'intercalent generalement entre les 
assemblages 9-17 et 18-23. En Grande-Bretagne, en revanche, ce sont 
des banes rouges terminant les sequences continentales «Old Red 
Sandstone» qui separent les assemblages 1 et 2 de Dolby (1970). Ce 
changement profond de facies ne depend pas directement d'un change
ment dans la nature des sediments puisqu'il se produit entierement en 
facies marin dans les bassins ardenno-rhenans et entierement en facies 
continental en Irlande (Dolby 1970). 11 pourrait etre lie a une modification 
du climat et/ou de la topographie littorale en relation avec la trans
gression marine dinantienne et avoir ainsi une signification stratigraphi
que interregionale indeniable. 
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II. LES ASSEMBLAGES TOURNAISIENS AU-DESSUS DE LA 
LIMITE DEVONIEN/CARBONIFERE. 

Une des conclusions majeures a tirer de !'analyse qui precede est sans 
aucun doute le contraste mis en evidence entre les assemblages a H. 
lepidophytus dominants, largement repandus au Devonien terminal et 
les facies palynologiques differents entre eux bien que contemporains dans 
les couches plus recentes. Nous connaissons au moins 3 facies tournai
siens au-dessus de la limite Devonien/Carbonifere : ils sont caracterises 
respectivement par Dictyotriletes trivia/is et H. explanatus; Verrucosi
sporites nitidus; Vallatisporites vallatus et V. verrucosus. Sullivan (1967, 
1968) suggere devoir clans des assemblages tournaisiens decrits notamment 
par Playford (1962, 1963) au Spitsberg et par Ischenko (1956, 1958) 
en Ukraine, un autre facies contemporain ( d'age Kinderhook) carac
terise par Lophozonotriletes rarituberculatus et dont la distribution serait 
liee a des climats de plus haute latitude que ceux qui controlent les facies 
a Vallatisporites. Avant de discuter le caractere regional de la distribution 
de ces facies, ii convient de s'assurer qu'ils sont reellement d'ages compa
rables. 

A. Stratigraphie detaillee du Tournaisien. 

Playford (1962, 1963) deduit l'age tournaisien de son « rarituberculatus 
ass. » principalement de ses affinites avec les spores « tournaisiennes » 
d'Ischenko (1956, 1958). Or, on peut constater clans les travaux 
d'lschenko que d'une part, les assemblages ne sont pas differencies 
clans les limites-memes du Tournaisien et que d'autre part, aucune faune 
n'est signalee qui permette une datation precise de ces spores. Or, on 
dispose aujourd'hui de deux successions tournaisiennes et viseennes (Kedo 
1963 et 1967 en Bielorussie et Lanzoni & Magloire 1969 clans le Sahara 
algerien) ou les assemblages qui se succedent sont au contraire etonna
ment diversifies. Ces deux successions reposent, elles, en partie au moins, 
sur des datations de faune marine; nous les utiliserons done de preference 
aux travaux cites plus haut pour etablir la trame necessaire a notre 
raisonnement. 

En tete de la Fig. 2, les zones palynologiques de Bielorussie et du 
Sahara sont distribuees en regard de l'echelle chronostratigraphique de la 
zonation palynologique partielle ardenno-rhenane. Les faunes marines 
associees aux assemblages sahariens M2 a M4 sont en grande partie 
comparables a celles du Tn2c et du Tn3 du Tournaisis tels que les rappelle 
Mortelmans (1969). La lacune sedimentaire entre les zones LlO et M2 
est done assez considerable au Sahara puisqu'elle comprend grosso modo 
une partie du Tnlb, le Tn2a et le Tn2b. Les assemblages M2 a M4 
correspondent done approximativement aux couches de Kisel dont l'age 
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est bien connu par les correlations que permettent les Foraminiferes 
entre la plateforme russe et le bassin de Dinant en Belgique. On consta
tera (bas de la Fig. 2) que les formes du type « Trilobozonotriletes » 
et Diatomozonotriletes apparaissent successivement dans ces couches 
tant en Bielorussie qu'au Sahara. Il en va de meme pour la plupart des 
nombreux travaux sovietiques sur le Tournaisien superieur dont la region 
Volga-Oural a fait l'objet (voir la liste de ces travaux dans Kedo 1967). 
Sur la plateforme russe, les rares travaux qui decrivent les spores au 
passage des couches de Tcherepet a celles de Kisel (par exemple : Jushko 
1960) indiquent !'apparition des Trilobozonotriletes a ces memes niveaux 
correspondant grosso-modo au passage Tn2/Tn3. Par consequent, sur la 
base de ce critere, on peut raisonnablement admettre quele «raritubercu!atus 
ass. » du Spitsberg caracterise aussi la partie superieure du Tournaisien. 
Nous croyons done que cet assemblage du Spitsberg n'est pas necessaire
ment contemporain des assemblages correspondant aux horizons de 
Malevka a Tcherepet en Bielorussie, d'age Tnlb superieur a Tn2b. Le 
meme raisonnement peut etre tenu concernant les assemblages Tl a T3 
recemment decrits par Jachovicz (1967) en Pologne; ces assemblages ne 
sont pas necessairement d'age Kinderhook. Au bas de la figure 2, nous 
avons cherche a placer en regard de diverses echelles stratigraphiques 
regionales !'extension probable des assemblages tournaisiens publies 
recemment en nous basant sur la distribution stratigraphique de quelques 
especes selectionnees. Les assemblages « post-lepidophytus » des Tour
naisiens inferieur et moyen peuvent etre identifies, selon les facies, par 
des associations d'especes comme Lophozonotriletes rarituberculatus, L. 
malevkensis, Archaeozonotriletes malevkensis, Dictyotriletes trivia/is, 
Hymenozonotriletes explanatus et Endosporites macromanif estus. Le 
statut taxonomique de cette derniere espece est sujet a caution. 11 n'est 
pas certain qu'il s'agisse de la meme forme presente au Devonien moyen. 
D'autre part, Endosporites duplus Jachowicz qui caracterise les zones 
TD a T2 parait etre une forme comparable a E. macromanif estus. Ces 
assemblages comprennent souvent des especes comme Retusotriletes 
incohatus, Punctatisporites irrasus, Verrucosisporites scoticus, Baculati
sporites fusticulus, Raistrickia corynoges, etc ... des Corbulispora et des 
Perotrilites ou Auroraspora de petites tailles. 

Notre interpretation n'est encore qu'une tentative; elle s'ecarte consi
derablement de celle proposee par Kaiser (1970", Abb. 35) qui se base 
notamment sur I' apparition de Tripartites et Diatomozonotriletes, 
retardee au Viseen superieur en Grande-Bretagne (voir Neves 1969). 

Nous croyons que les assemblages du Spitsberg doivent etre confrontes 
avant tout aux assemblages geographiquement les plus proches afin 
d'eviter autant que possible de comparer entre elles des zones palynologi
ques qui pourraient provenir de provinces paleophytogeographiques 
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differentes. Nous sommes en desaccord avec le tableau publie par Kaiser 
(1970", Abb. 35) sur les points suivants : 

a) La limite cul/cull ne se situe pas dans le Tournaisien superieur 
mais dans le Tournaisien inferieur. 

b) La sequence Bedford Shale a Sunbury Shale (Winslow 1962) ne 
correspond pas au Fa2d et base du Tnla mais a la base du. Tnlb. 

c) Les assemblages mll et ml2 de Kedo (1963) ne correspondent 
pas a la zone d'abondance d'H. lepidophytus var. minor Kedo. Cette 
espece caracterise au contraire !'assemblage III de Kedo en-dessous des 
couches d'Ozersk-Hovansk alors que les assemblages mll, 2 et 3 appa
raissent au-dessus de ces couches. D'autre part, Lophozonotriletes rari
tuberculatus ne s'eteint pas dans le Tournaisien inferieur puisqu'il est 
encore abondant dans les couches de Kisel du Tournaisien superieur. 

d) L'hiatus palynologique entre le « rarituberculatus ass. » et « l' aurita 
ass.» de Playford 1962, 1963, ne couvre pas le Tournaisien moyen, le 
Tournaisien superieur et le Viseen inferieur. Il est relativement bref au 
contraire et. correspond grosso modo a une partie du Tournaisien supe
rieur et une partie du Viseen inferieur. 

Les autres tableaux stratigraphiques donnant la distribution des assem
blages tournaisiens et viseens que nous avons cites page 121, ne pechent 
que par leur imprecision. Nous croyons cependant que la Palynologie 
stratigraphique lorsque l'onconjugueses efforts a ceux d'autres disciplines 
palfontologiques, est arrivee, dans certaines parties de l'echelle strati
graphique, a un stade suffisamment elabore pour lui permettre de 
subdiviser les etages. Cette subdivision est necessaire si l'on veut tenter 
de comprendre les mecanismes de la regionalisation progressive des 
assemblages de spores au Dinantien. 

B. Regionalisme des assemblages dinantiens. 

Le regionalisme des assemblages tournaisiens ne nous parait guere 
contestable; ce qui l'est plus, peut-etre, c'est la mise en cause du climat. 

Tripartites incisotrilobus et les Diatomozonotriletes appartiennent a la 
Monilospora Suite « tropicale et subtropicale » d'age viseen de Sullivan 
(1964). Lycospora uber fait partie des especes ubiquistes, mais L. noctuina 
appartient a la Grandispora Suite « equatoriale » avec Schulzospora 
campiloptera. Si l'on veut bien se reporter a notre Fig. 2, on constatera 
que les 4 taxons sont presents au sommet du Tournaisien dans les 
regions 2, 3 et 4 tandis que deux d'entre elles, celles qui appartiennent 
a la Monilospora Suite, n'apparaissent dans la region 1 qu'au sommet 
du Viseen. 

La dependance de Tripartites incisotrilobus vis-a-vis d'une zone gfo
graphique restreinte et la migration de cette zone au cours du Carbonifere, 
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nous paraissent assez evidentes. En effet, Luber (1960) a remarquable
ment montre d'une part que les Trilobozonotriletes abondants clans le 
Donbass sont absents du bassin de Karaganda; d'autre part, que leur 
proportion clans le Donbass decroit considerablement de la base du 
Viseen au Carbonifere superieur. Si l'on veut synthetiser les donnees 
qui precedent, on constate qu'au sommet du Viseen cette espece decroit 
en abondance sur la marge ouralienne de la Monilospora Suite au moment 
meme OU elle apparait en Grande-Bretagne. II ya une migration evidente, 
mais le probleme subsiste de savoir quelles en seraient les causes. 

Luber (1960) montre que parallelement a la diminution des T/·ilobozo
notriletes vers le haut de l'echelle stratigraphique, on assiste aussi a une 
diminution des spores cinguiees (le groupe 7 de Luber 1960). Or, Butter
worth (1965) a attire !'attention d'une part sur la liaison etroite entre les 
facies a Densospores et certains depots de charbons (durite) et d'autre 
part sur la migration evidente de ces facies a Densospores vers la Grande
Bretagne et les regions ardenno-rhenanes au Carbonifere superieur a un 
moment ou ces facies tendent a disparaitre de la plate-forme russe et du 
Spitsberg. Nous croyons que !'ensemble des faits rappeles ci-dessus sont 
etroitement lies et que c'est la distribution regionale et la migration de 
certains ensembles de facies sedimentaires qui entrainent le regionalisme 
de la flore mise en evidence par la Palynologie. Que cette distribution 
regionale et cette migration aient une origine climatique est tres vrai
semblable, mais nous parait une hypothese supplementaire. 

N'y-a-t-il pas d'autres explications a ce regionalisme de facies sedi
mentaires ? Nous sommes frappes en effet par l'etroite concordance 
entre la paleolatitude 20° N dont Sullivan (1965) fait etat pour separer 
les suites a Grandispora et a Monilospora, et la limite du socle Precambrien 
de la Plate-forme russe. Ce socle supporte une vaste aire sedimentaire 
qui est restee a l'abri des diverses phases tectoniques qui ont affecte 
l'aire varisque jusqu'a la base du Westphalien. II pourrait y avoir, par 
exemple, clans l'aire varisque, un lien entre la cessation de ces mouvements 
et le developpement des aires sedimentaires a Densospores. 

Si nous descendons clans la partie moyenne et inferieure du Tournaisien 
nous savons que les Dictyotriletes, Archaeozonotriletes literatus, A. 
malevkensis et Loplwzonotriletes rarituberculatus sont plus abondants 
clans les facies continentaux et particulierement clans les charbons (Kedo 
1963, p. 21). L'absence ou la rarete de l'une ou l'autre de ces especes 
clans les bassins ardenno-rhenans, voire meme en Grande-Bretagne, 
peut etre le resultat d'un regionalisme climatique; elle peut aussi corres
pondre a une distribution regionale de facies defavorables. 

136 



BIBLIOGRAPHIE 

AUSTIN, R.L., CONIL, R., DOLBY, G., LYS, M., PAPROTH, E., RHODES, F.H.T., STREEL, 
M., UTTING, J. & WEYER D. (1970) : Les couches de passage du Devonien au 
Carbonifere de Hook Head (Ireland) au Bohlen (D.D.R.). In « Colloque sur la 
Stratigraphie du Carbonifere ». Congres et colloques Univ. Liege, 55. 

AUSTIN, R. L., DRucE, E. C., RHODES, J. A. & WILLIAMS J. A. (1970) : The value 
of Conodonts in the recognition of the Devonian-Carboniferous boundary, with 
particular reference to Great-Britain. C.R. 6• Congres Carboni/ere, Sheffield 
1967, II: 431-444, pl. 1. 

AusTIN, R.L., CoNIL, R., RHODES, F. H.T. & STREEL, M. (1970) : Conodontes, Spores 
et Foraminiferes du Tournaisien inferieur dans Ia vallee du Hoyoux (Belgique). 
Ann. Soc. geol. Belg., 93, 1 (sous presse). 

AUSTIN, R. L. & RHODES F. H.T. with the collaboration of BOUCKAERT, J., CONIL, 
R., LYs, M. & PIRLET, H. (1970) : New Dinantian conodont faunas of France and 
Belgium. A preliminary report. In « Colloque sur la Stratigraphie du Carbonifere ». 
Congres et colloques Univ. Liege, 55. 

BoucKAERT, J., STREEL, M. & THOREZ, J. (1968) : Schema biostratigraphique et 
coupes de reference du Famennien beige. Note preliminaire. Ann. Soc. geol. Belg., 
9I, 3 : 317-336. 

BoucKAERT, J., STREEL, M., THOREZ, J. & MOUND, M. C. (1969) : Biostratigraphic 
chart of the Famennian stage (Upper Devonian) in the type localities of Belgium : 
a preliminary report. Joum. Paleontology, 43, 3 : 727-734, pis 93-94. 

BoucKAERT, J., STREEL, M. & TuoREZ, J. (1970) : Le Famennien superieur et les 
couches de transition devono-carbonifere, dans la vallee de l'Ourthe. In « Colloque 
sur la Stratigraphie du Carbonifere ». Congres et colloques Univ. Liege, 55. 

BRIDEN, J.C. & IRVING, E. (1964) : Palaeolatitude Spectra of Sedimentary Palaeo
climatic Indicators. In A.E.M. NAIRN, Problems in Palaeoclimatology, Proceedings 
of the NATO Palaeoclimates conference held at the University of Newcastle-upon
Tyne, January 1963 : 199-224. 

BUTTERWORTH, M.A. (1966) : The distribution of Densospores. The Palaeobotanist, 
I5, 1-2 : 16-28. 

BUTTERWORTH, M. A. & SPINNER, E. (1967) : Lower Carboniferous spores from North
West England. Palaeontology, IO, 1 : 1-24, pis 1-5. 

CARo-MoNIEZ, M. (1962) : Sur un niveau a spores du Devonien superieur du Sandage 
de Tournai (Belgique). Ann. Soc. geol. Nord, 82 : 111-115, pis 1-2. 

CoNIL, R. & LYs, M. (1970) : Donnees nouvelles sur Jes Foraminiferes des couches 
de passage du Famennien au Tournaisien dans l'Avesnois. In « Colloque sur la 
Stratigraphie du Carbonifere ». Congres et colloques Univ. Liege, 55. 

DOLBY, G. & NEVES, R. (1970): Palynological evidence concerning the Devonian/Car
boniferous boundary in the Mendips, England. C.R. 6° Congres Carboni/ere, 
Sheffield, 1967, II : 631-646, pis 1-2, 

DOLBY, G. (1970) : Spore assemblages from Devonian/Carboniferous transition 
measures in Southwest Britain and Southern Eire. In « Colloque sur la Stratigra
phie du Carbonifere». Congres et colloques Univ. Liege, 55. 

137 



GARETSKY, R. G. (1960) : Devonien superieur et Carbonifere inferieur de l'anticlinal 
de Kokpekty (Pre-Mugodzhary). Dok!. Akad. Nauk USSR, 134, 2 : 404-407 (Trad. 
B.R.G.M. 3442). 

GOLUBKOV, v. K., KEoo, G. I., KRYLOVA, A. K., LUTKEVITCH, E. M. & MAKHNATCH, 
A.S. (1968) : Le Devonien de la Bielorussie. Proc. Intern. Symposium Devonian 
System, Calgary 1967, I : 367-378. 

HACQUEBARD, P.A. (1957) : Plant spores in coal from the Horton group (Mississip
pian) of Nova Scotia. Micropaleontology, 3, 4 : 301-324. pis 1-3. 

HEMER, D. 0. (1965) : Application of palynology in Saudi Arabia. 5th Arab Petro
leum Congress, Cairo : 1-15. 

HrnBERT, F. A. & LACEY, W. S. (1969) : Miospores from the Lower Carboniferous 
Basement Beds in the Menai Straits region of Caernarvonshire, North Wales. 
Palaeontology, 12, 3 : 420-440, pis 78-83. 

lsHCHENKO, A. M. (1956) : Spores and Pollen of the Lower Carboniferous deposits 
of the western extension of the Donetz Basin and their stratigraphical importance. 
Trudy Inst. Geo!. Nauk, Kiev., Ser. Strat. Paleont., II : 1-185, pis 1-21. 

lsHCHENKO, A. M. (1958) ; Sporo-pollen analysis of the Lower Carboniferous sedi
ments of the Dnieper-Donetz Basin. Trndy Inst. Geo!. Nauk, Kiev, Ser. Strat. 
Paleont., 17 : 1-188, pis 1-13. 

JACHOWicz, A. (1967) : Microflora of the Zareby beds from the Swietokrzyskie 
Mountains. Instytut Geologiczny Prace, 49 : 1-105, pis 1-XLII. 

JusHKO, L.A. (1960) : Nouvelles especes de microspores du depot de Tcherepet et 
de la couche tournaisienne du Bassin de Padmoscovnova (texte russe). 

KAISER, H. (1970a) : Die Oberdevon-Flora der Biireninsel. 3. Mikroflora des hoheren 
Oberdevons und des Unterkarbons. Palaeontographica, (B), 129, 1-3 : 71-124, Tafn 
16-25. 

KAISER, H. (1970b) : Die « Hymenozonotriletes lepidophytus Zone» auf der Biireninsel. 
In « Colloque sur la Stratigraphie du Carbonifere ». Congres et colloques Univ. 
Liege, 55. 

KEDO, G. I. (1957•) : Spores from the supra Salt Devonian deposits of the Pripyat 
depression and their stratigraphic significance. Tr. Inst. Geo!. Nauk, Akad. Nauk 
Belrussk. SSR. Ser. Strat. Paleont., 2 : 3-43. pls 3-43. (texte russe). 

KEoo, G. I. (1957b) : The stratigraphical significance of Hymenozonotriletes pusillites 
- sp. nov. Dok!. Akad. Nauk Belorussk. SSR, 1 : 21-23 (texte russe). 

KEDO, G. I. (1962) : Spore assemblages of Upper Famennian and Tournaisian deposits 
and the Devonian/Carboniferous boundary in the Pripyat Depression. Trans. 
Soviet Palynologists, Acad. Sci. Moscow : 73-79. 

KEDo, G. I. (1963) : Les spores de la zone tournaisienne de la depression du Pripet 
et leur signification stratigraphique. Pa!eontologie et Stratigraphie de Bielorussie : 
3 : 121, pls I-XI (texte russe). 

KEDo, G. I. (1967) : Les spores du Carbonifere inferieur de la Depression du Pripet. 
Pateontologie et Stratigraphie de Bielornssie, 2• Conference Intern. de Palynologie, 
Hollande 1966, 5 : 1-143, pis I-XII (texte russe) 

KHRAMOV, A. N. (1968) : Importance of Palaeomagnetic data for Devonian Strati
graphy and Palaeogeography in the U.S.S.R. Proc. Intern. Symposium Devonian 
System, Calgary 1967, II : 1363-1370. 

138 



KocH, M., LEUTERITZ, K. & ZIEGLER W. (1970): Alter, Fazies und Paliiogeographie 
der Oberdevon/Unterkarbon-Schichtfolge an der Seiler bei Iserlohn. Fortschr. 
Geo!. Rheinld. West/., 17, Krefeld (In press). 

LANZONI, E. & MAGLOIRE, L. (1969) : Associations palynologiques et leurs applica
tions stratigraphiques dans le Devonien superieur et Carbonifere inferieur du grand 
erg occidental (Sahara algerien). Revue de l'Institut Fran~ais du Petrole et Anna/es 
des Combustibles Liquides, XXIV, 4 : 441-453, pis I-VIII. 

LLEWELLYN, P. G., BACKHOUSE, J. & HOSKIN, I. R. (1969) : Lower-Middle Tour
naisian miospores from the Hathern Anhydrite Series, Carboniferous limestone, 
Leicestershire. Proc. geol. Soc. London, 1655 : 85-91. 

LLEWELLYN, P. G., HOSKIN, I. & BACKHOUSE, J. (1970) : Preliminary report on 
Lower-Middle Tournaisian miospores from the Hathern Anhydrite Series, Hathern 
borehole, Leicestershire, England. In « Colloque sur la Stratigraphie du Carboni
fere ». Congres et colloques Univ. Liege, 55. 

LUBER, A. A. (1960) : Mise en parallele des complexes sporo-polliniques des formations 
houilleres paleozolques du Kazakhstan avec les complexes de spores et de pollens 
des bassins de Donetz et de Kouznetsk. Trudy Sovensch. Univ. Stratigr. Skhem. 
Dopaleoz. Paleoz. ost. Kazakhst. Alma-Alta, Izd. A. N. Kaz. S.S.R., 2 : 161-171. 

McGREGOR, C. (1970) : Hymenozonotriletes lepidophytus Kedo and associated spores 
from the Devonian of Canada. In « Colloque sur la Stratigraphie du Carbonifere » 
Congres et colloques Univ. Liege, 55. 

MoRTELMANs, G. (1969) : L'etage Tournaisien dans sa localite-type. C.R. 6° Congres 
Carboni/ere, Sheffield 1967, 1 : 19-43. 

NEVES, R. (1967) : A review of some recent advances in the Palynology of the Carbon
iferous. C.R. 6° Congres Carboni/ere, Sheffield 1967, 1 : 337-349. 

NEVES, R. & DOLBY, G. (1967) : An assemblage of miospores from the Portishead 
beds (Upper Old Red Sandstone) of the Mendip Hills, England. Pollen et Spores, 
IX, 3 : 607-614. pis 1-11. 

OWENS, B. & STREEL, M. (1967) : Hymenozonotriletes lepidophytus Kedo, its distri
bution and significance in relation to the Devonian/Carboniferous boundary. Rev. 
Palaeobotan. Palynol., 1 : 141-150, pl. 1. 

OWENS, B. & STREEL, M. (1970) : Palynology of the Devonian/Carboniferous boundary 
(Report on Project B). In « Colloque sur Ia Stratigraphie du Carbonifere » Congres 
et colloques Univ. Liege, 55. 

PLAYFORD, G. (1962) : Lower Carboniferous microfloras of Spitsbergen. Part one 
Palaeontology, 5, 3 : 550-618, pis 78-87. 

PLAYFORD, G. (1963) : Lower Carboniferous microfloras of Spitsbergen. Part two 
Palaeontology, 5, 4 : 619-678, pis 88-95. 

PLAYFORD, G. (1964) : Miospores from the Mississippian Horton Group, Eastern 
Canada. Bull. Geo/. Survey Canada, 107 : 1-47, pis I-XI. 

RABIEN, A. (1960) : Zur Ostracoden-Stratigraphie an der Devon/Karbon-Grenze im 
Rheinischen Schiefergebirge. Fortschr. Geo!. Rheinld. West/., 3, 1 : 61-106. 

RICHARDSON, J.B. (1964) : Stratigraphical distribution of some Devonian and Lower 
Carboniferous spores. C.R. 5° Congres Carbonifere, Paris 1963, III: 1111-
1114. . 

RICHARDSON, J.B. (1969) : Devonian spores. In TSCHUDY & SCOTT ((Aspects of 
Palynology, an Introduction to Plant Microfossils in Time» : 193-222, pis I-VI. 

139 



SHEVCHENKO, V. I., KARPOV, P.A., NECHAYEVA, M.A. & NAZARENKO, A. M. (1965): 
Upper Famennian deposits in the Southeast of the Russian platform. Doklady 
Akad. Nauk. USSR, 160 : 66-68. 

STAPLIN, F. L. & JANSONIUS, J. (1964) : Elucidation of some Paleozoic densospores. 
Palaeontographica, B, 114, 4-6 : 97-117. 

STREEL, M. (1966) : Criteres palynologiques pour une stratigraphie detaillee du Tnla 
dans Jes Bassins ardenno-rhenans. Ann. Soc. geol. Belg. 89, 1-4 : 65-96, pis 1-2. 

STREEL, M. (1968) : Associations de spores des stratotypes du Famennien, du Strunien 
et du Tournaisien dans !es Bassins ardenno-rhenans. Rev. Paleobot. Palynol. , 5 : 
1-4, pl I. 

STREEL, M. (1969) : Correlations palynologiques entre Jes sediments de transition 
Devonien/Dinantien dans Jes bassins ardenno-rhenans. C.R. 6e Congres Carboni/ere, 
Sheffield 1967, 1 : 3-18. 

SULLIVAN, H.J. (1964) : Miospores from the Lower Limestone Shales (Tournaisian) 
of the Forest of Dean Basin, Gloucestershire. C.R. 5e Congres Carboni/ere, Paris 
1963, III : 1249-1259, pis 1-2. 

SULLIVAN, H.J. (1965) : Palynological evidence concerning the regional differentiation 
of Upper Mississippian floras. Pollen et Spores, VII, 3 : 539-560, pis 1-11. 

SULLIVAN, H.J. (1967).: Regional differences in Mississippian spore assemblages. 
Rev. Palaeobot. Palynol., 1 : 185-192. 

SULLIVAN, H.J. (1968) : A Tournaisian spore flora from the Cementstone Group 
of Ayrshire, Scotland. Palaeontology, 11 : 116-131, pis I-III. 

TAUGOURDEAU-LANTZ, J. (1967) : Les spores du Frasnien du Bas Boulonnais (France). 
Rev. Palaeobot. Palynol., 1 : 131-139. 

TcHIBRIKOVA, E. V. (1966) : Upper Famennian microfossil assemblages and changes 
of complexes according to alternations of lithological composition of enclosing 
rocks in Bashkiria. The Importance of Palynological analysis for the stratigraphic 
and palaeofloristic investigations. Academy of Sciences USSR : 60-64, pl. 1 (texte 
russe). 

UTTING, J. & NEVES, R. (1970) : Miospores from the Devonian/Carboniferous tran
sition beds of the Avon Gorge, Bristol, England. In« Colloque sur la Stratigraphie 
du Carbonifere ». Congres et colloques Uni!>. Liege, 55. 

VARMA, C. P. (1969) : Lower Carboniferous miospores from the Albert Oil Shales 
(Horton Group) of New Brunswick, Canada. Micropaleontology, 15, 3 : 301-324, 
pis 1-3. 

von ALMEN, W. (1970) : Miospores from Devonian/Mississippian boundary, Carter 
County, Oklahoma, U.S.A. In « Colloque sur la Stratigraphie du Carbonifere ». 
Congres et colloques Univ. Liege, 55. 

WRAY, J.L. (1964) : Paleozoic palynomorphs from Libya. In Palynology in Oil 
Exploration, a symposium, 1962. Soc. Econ. Paleont. Miner., special publication, 11: 
90-96. 

WINSLOW, M. (1962) : Plant spores and other microfossils from Upper Devonian 
and Lower Mississippian rocks of Ohio. U.S. Geo!. Surv. Prof. Paper, 364 : 1-90, 
pis 1-22. 

ZIEGLER, W. (1969) : Eine neue Conodontenfauna aus dem hiichsten Oberdevon. 
Fortschr. Geo!. Rheinld. West/. 17 : 343-360, pis 1-2. 

140 



,_
. ""' ,_
. 

I 0 ""
 

""
' 

~ 
" 

'C
 '

W
 

~
 
.c

 
<

 ~
 

C
I 

c: 
I 

~I
 ~

 
~ 

: 
-~

 
I 

><
I 

• 
.µ

 

o-
i 

'O
 

I 
• 

0
..

1
.-

..
-

in
 

m
 

I 
~ I

 J
 ~ 

I 
~ : 

] 
J_ 

: 
c: 

_µ 
~ 

I 
'§

 
~ 

I 
~ 

~ 
§ 

~!
 

-
-
-

oc
.. 

....
....

....
 

I 
:>

--
1

 
>

 
t>

.C
H

 
..µ

 
• 

tf
l 

. 
aJ

 
c: 

2:
; 

l'tl
 

~ 

• 
~ 
~ 

~ 
• 

1 
• 

1 • 
I 

~ 
2 

&i
~ 

~r
 

~
:
c
t
~
 o

 
Il

li
g.

~ 
l>

.g
~ 

>i
.~
0

'C
1>
. 

•r-
1 

••
 

QJ
 

I 
E

 
·r

ll
 l

fl
 

Q.
J 

l.O
 •.

-1
 

!..<
 

.0
 .

.µ
 

'.C
O

 
.D

: 

~ 
1 
~ 

.0 
~i

 
~I

~ 
p

J 
J'ci

 t 
6 
~ 
~ 
~ 

,f'c
i 

4
.l

.)
-l

••
i.

.l
iv

. 
~
Q
J
·
·
 

1o
::

ic
o

 
1.

.D
]O

 

~ 
8 

o 
<

 ~
 

u
j 
~ 

o 
1 

• 
• 

ri 
• ~

 'E
 c

:l 
• 

·~
 t

fl
 
'd 

I 
·2 

~!
·8
 'd

 
l>

l 
rT

1 
~
 N

 
N

 
£ 

~!
M 

Ill
 

• 
ro 
~
 

ll.
>

N
 M

 
IO

J 
rt1

 
• 

•1
 

• 
•.

.;
: 

• 
• 

'O
 
.c

 
• 

~1·n
!I 

E
 

!.-l
 

:> 
_µ

 
VJ

 
1..-

1 
111

 
tl

l 
m

 s..i 
.µ

 
4-

l 
o..

 V
J 

in
 

1 
tl

l 
IJ

l 
o 

-1-
11

 I
ll 

~
 

H
 

H
 ;

rel
 

O
· 

c: 
H

 :
rn

 H
 

H
 

ro
l:r

cl 
h 

c 
:J

I 
II

) 
Ill

 
w

 
II

) 
Ii

i 
0 

ID
 

Ill 
5 

C.
. 

C.
. 

II
l 

Z
 

0 
C.

. 
J'.Q

 
C.

. 
C.

. 
.0

..1
1I

l 
0 

H
 

tf
ll<

 <
C

E
-!

<
 

-:C
: 

3:
 :

C
l.:

C
 

tt1
1

2
 •

3 
-~
~-
6 

7 
8 

9 
1

0
1

ll
1

2
1

3
1

4
1

5
l1

6
1

1
B

1
9

2
o

-2
i2

:J
2

3
 

: 
I 

I 
xi

 
I 

I 
x 

I 
I 

I 
I 

I 
I 

I 

I 
I 

I 
I 

X1
 

I 
X

 
I 

I 
I 

I 
x 

I 
I 

1x
 

x 
; 

'? 
I 

X1
 

I 
Ix 

x 
x 

f?
 

x 
x 

IX
 

I 
I 

I 
x 

I I I 
Ix

 
x 

I 
I 

I 

I 
I 1'" 

I I 

x 
x 

x 
I I 

x 
x 

x 
x 

I 

Ix
 

I 
x 

I 
I 

I 
I ! 

I I 
11

 
I 

I 
x'

 I I I 

F
ig

. 
3.

 -
L

is
te

 d
es

 e
sp

ec
es

 c
on

st
it

ua
nt

 l
es

 a
ss

em
bl

ag
es

 d
ec

ri
ts

 
da

ns
 c

e 
vo

lu
m

e 
en

 c
on

tr
ib

ut
io

n 
au

 p
ro

je
t 

B
. 

L
es

 s
yn

on
ym

ie
s 

ou
 le

s 
es

pe
ce

s 
co

ns
id

er
ee

s 
co

m
m

e 
tr

es
 v

oi
si

ne
s 

so
nt

 re
gr

ou
pe

es
 s

ou
s 

u
n

 s
eu

l 
no

m
 d

an
s 

le
 s

eu
l 

b
u

t 
de

 p
er

m
et

tr
e 

u
n

 e
xa

m
en

 s
yn

op
ti

qu
e.

 C
e 

re
gr

ou
pe

m
en

t 
n'

im
pl

iq
ue

 d
on

e 
pa

s 
de

 
no

tr
e 

p
ar

t 
le

 c
ho

ix
 d

u
 g

en
re

 l
e 

m
ie

ux
 a

pp
ro

pr
ie

 n
i 

un
e 

pr
op

os
i

ti
o

n
 d

e 
m

is
e 

en
 s

yn
on

ym
ie

. 
E

x.
 

: 
A

na
pi

cu
la

ti
sp

or
it

es
 a

m
pu

ll
ac

eu
s 

(H
ac

qu
eb

ar
d)

 P
la

yf
or

d 
R

ai
st

ri
ck

ia
 a

m
pu

ll
ac

ea
 H

ac
qu

eb
ar

d 

R
ai

st
ri

ck
ia

 a
m

pu
ll

ac
ea

 
H

ac
qu

eb
ar

d 
(V

oi
r 

A
na

pi
cu

la
ti


sp

or
it

es
).

 

A
c
a
n

th
o

tr
il

e
te

s
 

fa
m

e
n

e
n

si
s 

N
au

m
o

v
a 

(V
a
ir

 
A

rc
h

a
e
o

z
o

n
o

tr
il

e
te

s
 

c
f
. 

a
c
u

tu
s
) 

P
l.

 
3 

, 
f
ig

. 
4

. 
A

c
a
n

th
o

tr
il

e
te

s
 

h
a
c
q

u
e
b

a
rd

ii
 
P

la
y

fo
rd

 
c
f
. 

A
c
a
n

th
o

tr
il

e
te

s
 
h

ir
tu

s
 
N
a
u
~
.
 

A
c
a
n

th
0

tr
il

e
te

s
 

m
ir

u
s 

Is
h

c
h

e
n

k
o

 
-

P
l.

1
9

 
, 

f
ig

. 
5 

c
f
. 
A
c
~
n
t
h
o
t
r
i
l
e
t
e
s
 

r
a
r
is

e
to

s
u

s
 

K
ed

o
 

-
P

l.
 

2
1

 
, 

f
ig

. 
5

. 
A

c
a
n

th
o

tr
jl

e
te

s
 

te
rs

u
s
 

K
ed

p
 

A
c
a
n

th
o

tr
il

e
te

s
 
c
f
. 

u
n

c
in

a
tu

s
 

Is
h

c
h

e
n

k
o

 

A
n

a
n

ic
u

la
ti

s
o

o
ri

te
s
 

a
m

p
u

ll
a
c
e
o

u
s 

(H
a
c
q

u
e
b

a
rd

) 
P

la
y

fo
rd

 
R

a
is

tr
ic

k
ia

 
a
m

p
u

ll
a
c
e
a
 

H
a
c
q

u
e
b

a
rd

 
A

n
a
p

ic
u

la
ti

s
p

o
ri

te
s
 
h

y
s
tr

ic
o

s
u

s
 

P
la

y
fo

rd
 

A
n

cy
ro

sp
o

r.
::

. 
?
c
a
p

il
la

ta
 

D
o

lb
y

 
e
t 

N
e
v

e
s,

 
P

l.
 

s,
 f

ig
. 

7
, 

8 
P

l.
 

2
8

, 
f
ig

. 
6

, 
7

. 

A
n

ic
u

la
ti

s
p

o
ri

s
 
c
f
. 

m
a
c
ru

ru
s 

(L
u

b
e
r)

 
P

o
to

n
i€

 
e
t 

K
re

m
p

 
( 1

/o
ir

 
R

a
is

tr
ic

k
ia

) 

A
n

ic
u

li
re

tu
s
i 

s
p

o
ra

 
p

li
c
a
t-

3
 
(
A
l
l
~
n
)
 

S
tr

e
e
l 

.l
\p

ic
u

li
re

tu
s
is

p
o

ra
 

s
e
to

s
u

s
 

(K
ed

o
) 

D
o

lb
y

 
e
t 

N
e
v

e
s 

A
p

ic
u

li
re

tu
s
is

p
o

ra
 

s
p

. 
A

. 

R
e
tu

s
o

tr
il

e
te

s
 

v
e
rr

u
c
o

s
u

s
 

C
a
ro

-M
o

n
ie

z
 

A
rc

h
a
e
o

z
o

n
o

tr
il

e
te

s
 
c
f
. 

a
c
u

tu
s
 

A
c
a
n

th
o

tr
il

e
te

s
 

f 
a
m

e
n

e
n

si
s 

N
au

m
o

v
a 



.....
 

.p
.. 

t.
J 

1H
' 

X
 

/X
 

X
IX

IX
 

x 

ai
g 
10
~1
21
31
41
5~
51
71
18
19
20
 2

1z
i 

23
 

I 

x 
I I 

x
x

 
I I I I 

xx
 

I 
_

]_
 x x

x
 

I I 
x 

I I I 
x 

Xi
 I 

x 
I 

X
 

!X
X

 
+

-
I 

xc
: 

x 
I 

,?
 

I 
I 

I 
x; 

I 
X

i 
I 

I 
I 

X
1 

I 
I 

x 
X

 
I 

' 
1 _

_
 _

.l 
_

_
 x

_T
d 

1
-
-
1

 
1

X
X

 
I 
l 

I 
Ix

 
I 
! 

I 
x 

I 
r 

I 
I 

x 
I 

pc
x 

iq
 

I >s
__

x~
--

i-
1~

 
L

--
1

--
-r

 
x 

I 
I 

I 
I 

! 
'
'
 

ti I I I I I I I 

I 

A
rc

h
a
e
o

z
o

n
o

tr
il

e
te

s
 

a
m

p
le

c
tu

s
 

(!
\1

",
q

u
m

o
va

) 
K

e
d

o
, 

P
l.

2
1

.,
 

f
ig

. 
1

5
. 

A
rc

h
a
e
o

z
o

n
o

tr
il

e
te

s
 

d
e
d

a
le

u
s
 
~
r
a
u
m
.
 

A
rc

h
a
e
o

z
o

n
o

tr
il

e
te

s
 

f 
a
m

e
n

e
n

si
s 

N
2U

m
. 

A
rc

h
a
e
o

z
o

n
o

tr
il

e
te

s
 
g

r
a
c
il

is
 

K
ed

o
 

A
rc

h
a
e
o

z
o

n
o

tr
il

e
te

s
 
li

te
r
a
tu

s
 

(W
a
lt

z
) 

N
au

m
o

v
a 

(V
o

ir
 
K

n
o

x
i

s
p

o
ri

te
s
) 

P
l.

 
21

 
, 

f
ig

. 
1

3
 

; 
P

l.
 

2
3

, 
f
ig

. 
1

5
-

A
u

ro
ra

sp
o

ra
 

m
a
c
ra

 
S

u
ll

iv
a
n

 
(V

o
ir

 
E

n
d

o
s
p

o
ri

te
s
 

g
r.

 
m

in
u

tu
s)

 
P

l.
 

2
0

, 
f
ig

. 
7

, 
9

. 
c
f
. 

A
u

ro
ra

sp
o

ra
 
s
o

li
s
o

rt
u

s
 

H
o

ff
. 

S
t.

 
e
t 

M
a
ll

o
y

 

B
a
c
t
.
~
l
a
t
i
s
p
o
r
i
t
e
s
 

f
u

s
ti

c
u

lu
s
 

S
u

ll
iv

a
n

, 
P

l.
 

1
9

, 
f
ig

. 
t,

. 

C
ir

r
a
tr

ir
a
d

it
e
s
 
r
u

s
ti

c
u

s
 
F

e
li

x
 
e
t 

B
u

rb
ri

d
g

e
 

C
o

n
y

e
rr

1
1

c
o

sj
 5

p
o

rj
 +

-e
s 

p
a
rv

in
o

d
o

s
u

s
 

P
la

y
fo

rd
, 

P
l.

 
1.

9 
, 

f
ig

 .. 
9 

.. 

C
o

n
v

o
lu

ti
s
p

o
ra

 
m

e
ll

it
a
 
H

o
ff

.,
 

S
ta

p
l.

 
e
t 

M
a
ll

o
y

, 
P

l.
 

1
9

,f
ig

 .. 
1

2
. 

C
o

n
v

o
lu

ti
s
p

o
ra

 
v

e
rm

if
o

rm
is

 
H

u
g

h
es

 
e
t 

P
la

y
fo

rd
, 

P
l.

 
1

9
,f

ig
. 

1
3

. 
C

o
n

v
o

lu
ti

s
p

o
ra

 
s
p

.,
 

P
l.

2
7

 
, 

f
ig

. 
5

. 

C
o

rb
u

li
s
o

o
ra

 
c
a
n

c
e
ll

a
ta

 
(W

a
lt

z
) 

·B
h

a
ra

d
w

a
j 

e
t 

V
e
n

k
.,

 P
l.

 1
4

, 
fi

g
.a

 
C

o
rb

u
li

s
p

o
ra

 
c
f
. 

c
a
n

c
e
ll

a
ta

 
(W

a
lt

z
) 

B
h

a
ra

d
w

a
j 

e
t 

V
en

k
. 

C
o

rb
u

li
s
p

o
ra

 
s
u

b
a
lv

e
o

la
ri

s
 

(L
u

b
e
r)

 
S

u
ll

iv
a
n

 
7 

C
o

rb
u

li
s
p

o
ra

 
s
u

b
a
lv

e
o

la
ri

s
 
(
~
u
b
e
r
)
 

S
u

ll
iv

a
n

,P
l.

 
2

2
,f

ig
.1

7
. 

~g
~~
~I
t;
gg
~~
 ~

~:
 ;

~g
~t

~~
gI

~i
i~

 
~t

~g
;i

~ 
~~
II
i~
~g
, 

P
l.

3
 
,f

ig
.1

1
. 

D
i
c
t
y
o
t
~
i
l
e
t
e
s
 

s
u

b
a
lv

e
o

la
ri

s
 

(L
u

b
e
r)

 
P

o
to

n
i4

 
e
t 

K
re

m
p

. 

C
o

ry
s
ti

s
p

o
ri

te
s
 
s
p

.,
 

P
l.

 
2

8
, 

f
ig

. 
3

. 

C
ra

s
s
is

o
o

ra
 
b

a
lt

e
a
ta

 
(L

u
b

e
r)

 
S

u
ll

iv
a
n

 
S

n
in

o
z
o

n
o

tr
il

e
te

s
 
c
f
. 

b
a
lt

e
a
tu

s
 

P
la

y
fo

rd
. 

C
r
is

ta
ti

s
p

o
r
it

e
s
 

e
c
h

in
a
tu

s
 
P

la
y

fo
rd

,P
l.

 
s,

 
f
ig

. 
1

1
 

P
l.

 
2

7
, 

f
ig

. 
4

. 
? 

C
r
is

ta
ti

s
p

o
r
it

e
s
 
e
c
h

in
a
tu

s
 

P
la

y
fo

rd
. 

C
y

c
lo

q
ra

n
is

p
o

ri
te

s
 
c
f
. 

co
m

m
o

d
u

s 
P

la
y

fo
rd

. 

D
ia

p
h

a
n

o
sp

o
ra

 
p

e
rp

le
x

a
 

B
al

m
e 

e
t 

H
a
ss

e
l 

c
f
. 

D
ia

p
h

a
n

o
sp

o
ra

 
p

e
rp

le
x

a
 

B
al

m
e 

e
t 

H
a
s
s
e
ll

 

D
ib

o
li

s
p

o
ri

te
s
 

e
c
h

in
a
c
e
u

s
 

(E
is

e
n

a
c
k

) 
R

ic
h

a
rd

so
n

 

? 
D

ic
ro

s
p

o
ra

 
m

u
lt

if
u

rc
a
ta

 
W

in
sl

o
w

 
(V

o
ir

 
H
y
s
t
r
i
c
o
s
p
r
i
t
~
s
)
 

P
l.

 
2

1
, 

f
ig

. 
2

0
, 

2
1

. 



.....
. 
~
 

w
 

1 
2 

3 
4 

5 
6 

7 
8 

9
1

0
 ~
12

'.
13

14
15

f'
61

71
81

92
02

12
2j

23
 

I 
I 

I 
I 

1x 
x

x
 

1
1

 

X
 

7 
I 

7 
I 

1 

X
X

\ 
X

 
X

X
 

-
-

1 
I 

: 
I 

I 
X

1 
I 

X
I 

I 
x

x
 

I 
I 

-
I 

I 
I 

I 
I 

x 
I 

I 
x 

I 
I 

I 
I 

I 
x 

I 

I 
I 

I 
x 

I 

I 
x 

I 
I 

I 
--

/ 
I 

I 
x

x
: 

x 
xi

x 
x 

x
x

 x
 I 

I 
x 

1 
-

I 
I 

x 
x

1 I 
I 

I 
x 

I 

x 
I 

x
x

 I 
I 

I 

I 
I 

x1
 

x 
x

x
 

I 
x 
I 

x 
x

x
 

x 
I-

-

I 
I 

x 
I 

x
x

x
 

x 
x

x
 

I 
I 

x 
I 

x
x

x
 

x
x

x
1

 
I 

I 
I 

I 
x 

('
 

x 
I 

x 
x 

,-7
 

x 
? 

[?
 

I 
--

x
x

 x
 

x 
x 

x
x

l 
/x

x
 

: 

x
x

 
I 

x 
I 

I 
I 

I I 

D
ic

ty
o

tr
il

e
te

s
 

s
u

b
a
lv

e
o

la
ri

s
 

(L
u

b
e
r)

 
P

o
to

n
ie

 
e
t 

K
re

m
p

 
(V

o
ir

 
C

o
rb

u
li

s
p

o
ra

) 
P

l.
 

1
4

, 
f
ig

. 
2

. 
D

ic
ty

o
tr

il
e
te

s
 

s
u

b
m

a
rg

in
a
tu

s
 

P
la

y
fo

rd
 

D
ic

ty
o

tr
il

e
te

s
 
tr

iv
ia

li
s
 

(N
au

m
. 

in
 
l
i
t
t
.
)
 

K
e
d

o
, 

P
l.

 
3

,f
ig

.1
3

, 
P

l.
 

1
4

, 
f
ig

. 
3 

; 
P

l.
 

2
6

 
, 

f
ig

. 
1 

; 
P

l.
 

2
7

 
, 

f
ig

. 
8

. 

R
e
ti

c
u

la
ti

s
p

o
r
it

e
s
 

p
la

n
u

s
 

H
u

g
h

e
s 

e
t 

P
la

y
fo

rd
. 

U
n

id
e
n

ti
fi

e
d

 
G

SC
 

n
°
 

2
5

4
9

9
. 

D
ic

ty
o

tr
il

e
te

s
 
s
p

.,
 

P
l.

 
2

6
, 

f
ig

. 
2

. 

D
is

c
e
rn

is
p

o
ri

te
s
 
c
o

n
c
e
n

tr
ic

u
s
 

(V
a
ir

 
E

n
d

o
s
p

o
ri

te
s
 

m
a
c
ro

m
a
n

if
e
s
tu

s
) 

P
l.

 
2

9
, 

f
ig

. 
1

3
. 

D
is

c
e
rn

is
p

o
ri

te
s
 
ir

r
e
g

u
la

r
is

 
(V

o
ir

 
E

n
d

o
s
p

o
ri

te
s
 
g

r
. 

m
in

u
tu

s
) 

P
l.

 
2

9
, 

f
ig

. 
1

1
, 

1
2

. 
D

is
c
e
rn

is
p

o
ri

te
s
 

m
ic

ro
m

a
n

if
e
s
tu

s
 

(H
a
c
q

u
e
b

a
rd

) 
S

a
b

ry
 
e
t 

N
e
v

e
s.

 
D

is
c
e
rn

is
p

o
ri

te
s
 
s
p

.,
 

P
l.

 
2

7
, 

·f
ig

. 
3

. 

E
m

p
h

a
n

is
p

o
ri

te
s
 

? 
r
o

ta
tu

s
 

M
c 

G
re

g
o

r.
 

E
n

d
o

s
p

o
ri

te
s
 

m
a
c
ro

m
a
n

if
e
s
tu

s
 

H
a
c
q

u
e
b

a
rd

, 
P

l.
 

2
0

, 
f
ig

. 
1

1
. 

D
is

c
e
rn

is
p

o
ri

te
s
 
c
o

n
c
e
n

tr
ic

u
s
 

E
n

d
o

s
p

o
ri

te
s
 
g

r
. 

m
in

u
tu

s 
H

o
f
f
.,

S
t.

 
e
t 

M
a
ll

.,
 

P
l.

 
s,

 
f
ig

.9
,1

0
. 

A
u

ro
ra

s
p

o
ra

 
m

a
c
ra

 
S

u
ll

iv
a
n

 

D
is

c
e
rn

is
p

o
ri

te
s
 
ir

r
e
g

u
la

r
is

 

E
n

d
o

s
p

o
ri

te
s
 

? 
s
p

. 
in

 
B

al
m

e 
e
t 

H
a
s
s
e
ll

, 
1

9
6

2
,P

l.
 

6
, 

f
ig

. 
3

. 

F
o

v
e
o

s
p

o
ri

te
s
 

in
s
c
u

lp
tu

s
 

P
la

y
fo

rd
, 

P
l.

 
2

0
, 

f
ig

. 
1

, 
2

. 

G
ra

n
d

is
p

o
ra

 
e
c
h

in
a
ta

 
H

a
c
q

u
e
b

a
rd

, 
P

l.
1

4
, 

f
ig

. 
7 

; 
P

l.
 

2
0

,f
ig

.6
, 

P
l.

2
3

 
, 

f
ig

. 
1

9
 

; 
P

l.
 

2
7

, 
f
ig

. 
1

1
. 

G
u

li
s
p

o
ri

te
s
 

to
rp

id
u

s
 

P
la

y
fo

rd
. 

H
y

m
e
n

o
z
o

n
o

tr
il

e
te

s
 
c
f
. 

a
c
a
n

th
y

ru
g

o
s
u

s
 

T
c
h

ib
ri

k
o

v
a
. 

H
y

m
e
n

o
z
o

n
o

tr
il

e
te

s
 
a
f
f
. 

H
. 

a
rc

h
a
e
le

p
id

o
p

h
y

tu
s
 

K
e
d

o
, 

P
l.

 
2

5
 

f
ig

. 
2

' 
3

. 
H

y
m

e
n

o
z
o

n
o

tr
il

e
te

s
 
e
x
p
l
a
n
~
t
u
s
 

(L
u

b
e
r)

 
K

e
d

o
. 

7 
H

y
m

e
n

o
z
o

n
o

tr
il

e
te

s
 

e
x

p
la

n
a
tu

s
 

(L
u

b
e
r)

 
K

e
d

o
. 

H
y

m
e
n

o
z
o

n
o

tr
il

e
te

s
 
c
f
. 

f
a
c
il

is
 

K
ed

o
 

H
y

m
e
n

o
z
o

n
o

tr
ii

e
te

s
 

fa
m

e
n

e
n

s
is

 
K

e
d

o
, 

P
l.

 
3

, 
f
ig

. 
7 

; 
P

l.
 

1
4

, 
f
i
~
.
 

'§
 

; 
P

l.
 

2
7

, 
f
ig

. 
9

. 
? 

H
y

m
e
n

o
z
o

n
o

tr
il

e
te

s
 

fa
m

e
n

e
n

s·
is

 
K

ed
o

 
in

 
N

e
v

e
s 

e
t 

D
o

lb
y

 
1

9
6

7
, 

P
l.

 
2

1
, 

f
i9

. 
6

, 
1

6
 

; 
P

l.
 

2
2

, 
_

fi
g

. 
5 

;
P

l
.
 

2
3

, 
f
ig

. 
4

. 



.....
.. 

.j:
::.

. 
-1>

-
1J

 2
J3

 
4 

s 
61

7 
sJ9

1:l
~12

131
415

r1i
18'

.l9
202

112
3I'

 
I 

I 
1 

X
X

X
X

X
X

X
X

X
X

1
X

X
X

X
X

X
 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

! 
xi

 
I 

I 
i 

X
 

IX
 X

 
X

 
I 

! 
x

x
 I 

I 
x 

I 
I 

I 
I 

I 
I 

x~
 

I 
I 

I 
. 

x
x
x
 

x 
x 

I 
xi

~-
-

-i
-x

T
--

+
 

I 
I 

x 
I 

I 

Ix 
x
) 

I 
I 

I 
I 

I 

~ 
xx

l 
[ 

i 
x 

I 
x 

x 
x 

; 
-
1

-
1

-
-

-
-
1

-
-

I 
I 

x 
IX

 
x 

I 
Ix

 
x 

1 
J 

x 
II 

( 
x 

x 
x 

:-~\
 

xJ 
X

X
 

I 
I 

X
i 

I 
X

1
-

X
 x

 
I 

I 
I 

x
1 

I 
x 

I I 

x
1

x
lx

 
I 

X
IX

IX
 

x X
IX

IX
 

x 

x 

I 
: 

( 
x 

x
x
 x

 

: 
I 

I 
I 

H
y

m
e
ri

o
z
o

n
o

tr
il

e
te

s 
le

p
id

o
p

h
y

tu
s
 

K
ed

o
, 

P
l.

 
P

l.
 

1
4

, 
f
ig

. 
6 

; 
P

l.
 

21
, 

f
ig

. 
1

, 
2,

 
1

4
, 

17
 

2
, 

4
, 

8
, 

1
1

, 
1

2
, 

1
3

 
i 

P
l.

 
2

3
, 

f
ig

. 
1

, 
1

0
, 

P
l.

 
2

8
, 

f
ig

. 
1

, 
2

. 

s,
 

f
ig

. 
1

3
, 

1
4

 
; 

; 
P

l.
 

2
2

, 
f
ig

. 
1

, 
1

1
, 

1
7

, 
1

8
, 

2
2

 
; 

H
y

m
e
n

o
z
o

n
o

tr
il

e
te

s 
lu

te
o

lu
s
 

(N
au

m
o

v
a)

 
K

ed
o

 
(V

o
ir

 
P

e
r
o

tr
il

it
e
S

 
P

l.
 

3
, 

f
ig

. 
5

, 
6

. 
H

y
m

e
n

o
z
o

n
o

tr
il

e
te

s 
m

ic
ro

s
e
tu

s
 

K
ed

o
 

H
y

m
e
r.

0
2

o
n

o
tr

il
e
te

s
 
p

u
s
il

li
 te

s
 

K
ed

o
 

(y
 

c
q

m
p

ri
s 

V
 .. 

s
p

le
n

d
e
n

s
 

S
t.

 
e
t 

J
a
n

s
.)

 
(V

o
ir

 
V

a
ll

a
ti

s
p

o
r
it

e
s
)
 

P
l.

 
2

1
, 

f
ig

. 
3

, 
4

, 
1

9
; 

P
l.

 
22

,"
 7

, 
14

 
; 

P
l.

 
23

 
, 

f
ig

. 
2,

 
3

. 
? 

H
y

m
e
n

o
z
o

n
o

tr
il

e
te

s
 

ru
g

o
s
iu

s
c
u

lu
s
. 

J
u

s
h

k
o

, 
P

l.
 

2
3

 ,
f
i
g

. 
5

. 
H

y
rn

e
n

o
z
o

n
o

tr
il

e
te

s 
v

e
r
s
a
b

il
is

 
K

e
d

o
. 

H
y

s
tr

ic
o

s
p

o
ri

te
s
 
m
u
l
t
i
f
u
r
c
~
t
u
~
 

(W
in

sl
o

w
) 

M
o

rt
im

e
r 

e
t 

C
h

a
lo

n
e
r,

 
P

l.
 

5 
, 

fi
g

. 
3

, 
4

. 

D
ic

ro
s
p

o
ra

 
m

u
lt

if
u

rc
a
ta

 
W

in
sl

o
w

. 

l:
:I

Y
..

s_
tc

ic
os

oo
ri

 t
e
s
 

e
t 

C
h

a
lo

n
e
r,

 
P

l.
 

H
y

s
tr

ic
o

s
p

o
ri

te
s
 

f
ig

. 
1

,,
 
2

. 

sp
 .. 

a
f
f
. 

H
. 

m
u

lt
if

u
rc

a
ta

 
(W

in
sl

o
w

)M
o

rt
im

e
r 

s,
 

f
ig

. 
s,

 
6

. 
c
f
. 

o
b

s
c
u

ru
s
 

M
o

rt
im

e
r 

e
t 

C
h

a
lo

n
e
r,

P
l.

 
5

, 

H
y

s
tr

ic
_

:)
s
p

o
ri

te
s
 
d

iv
. 

s
p

. 

K
n
o
x
i
s
o
o
r
i
t
e
~
 

h
e
d

e
ra

tu
s
 

(I
sh

c
h

e
n

k
o

) 
P

la
y

fo
rd

. 
K

n
o

x
is

p
o

ri
te

s
 
c
f
. 

h
e
d

e
ra

tu
s
 

(I
sh

c
h

e
n

k
o

) 
P

la
y

fo
rd

. 
K

n
o

x
is

p
o

ri
te

s
 
li

te
r
a
tu

s
 

(W
a
lt

z
) 

P
la

y
fo

rd
, 

P
l.

 
1

4
, 

f
ig

. 
5 

; 
P

l.
 

2
7

, 
f
ig

 •
.
 1
3

. 

A
rc

h
a
e
o

z
o

n
o

tr
il

e
te

s
 
li

te
r
a
tu

s
 

(W
a
lt

z
) 

N
au

m
o

v
a.

 
K

n
o

x
is

p
o

ri
te

s
 
c
f
. 

li
te

r
a
tu

s
 

(W
a
lt

z
) 

P
la

y
fo

rd
, 

P
l .

. 
3

, 
fi

g
.1

2
. 

K
n

o
x

is
p

o
ri

te
s
 
c
f
. 

li
te

r
a
tu

s
 

(W
a
lt

z
) 

P
la

y
fo

rd
, 

P
l.

 
2

0
, 

f
ig

. 
3

. 
K

n
o

x
is

p
o

ri
te

s
 
p

ri
s
ti

n
u

s
 
S

u
ll

iv
a
n

, 
P

l.
 

2
0

, 
f
ig

. 
1

0
. 

K
n

o
x

is
p

o
ri

te
s
 
c
f
. 

p
r
is

ti
n

u
s
 
S

u
ll

iv
a
n

, 
K

n
o

x
is

p
o

ri
te

s
 

ro
ta

tu
s
 
H

o
ff

.,
 

S
ta

p
l.

 
e
t 

M
a
ll

o
y

, 
P

l.
 
2

0
,f

ig
.4

,5
 

L
a
e
v

ig
a
to

s
p

o
ri

te
s
 
s
p

.,
 

P
l 

.. 
2

1
, 

f
ig

. 
7 

; 
P

l.
 

2
2

, 
f
ig

. 
1

8
. 

L
e
io

tr
il

e
te

s
 

o
rn

a
tu

s
 

Is
h

c
h

e
n

k
o

, 
P

l.
 

2
5

, 
f
ig

. 
6

. 

L
o

p
h

o
tr

il
e
te

s
 

s
a
le

b
ro

s
u

s
 
v

a
r
. 

fa
m

e
n

e
n

si
s 

N
au

m
o

v
a.

 



.....
.. 

-1»


V
l 

11
21

3 
4 

5 
61

78
19

10
nJ

'.1
21

31
41

5:
15

17
11

8'
J9

::
.0

21
22

:d
 

I 
x 

XI 
I 

I 
: 

I 
I 

x 
~ I

 
x 

X
1 

I ''"I I 

x 
1x

1x
 

x 
x

x
 

IX 

x x x x 

I 
x 

I 
I 

I 
I 

x 
x 

x 
I 

I 
1 

x 
x 1 

x 
x

x
 

YI
 

I 
' 

I 
I 

I 
Ix 

x 
: __

 I 
IX

X
 

X
X

X
IX

 
X

X
I 

1X
 

1-
:.j

 

x x 

J I J ? ? 

I'
 I I I I xi I?
 

I 
x 

x 
I I 1; 

I I I I I I I I I 

x 

x 
x x x 

I I I I I 
x

x
 x

 l
 

I 
I 
I 

l 
x: 
1 

x 
x 

I 
xx

 x
x 

x 
x 

1 _
_ 

X
 

I 

: 
x 

x: 
1 

x
x

 
I 

I 
x 

x 
I 

~ 
~
-
+
1
 

l 
I 

: I
 

L
o

p
h

o
z
o

p
o

tr
il

e
te

s
 
c
r
is

ti
f
e
r
 

(L
u

b
e
r)

 
K

ed
o

, 
P

l.
 

2
3

, 
fi

g
.1

3
, 

2
0

. 
L

o
p

h
o

z
o

n
o

tr
il

e
te

s
 

c
f 

•.
 
c
u

rv
a
tu

s
 

N
au

m
o

v
a 

L
o

p
h

o
z
o

n
o

tr
il

e
te

s
 

d
e
n

ta
tu

s
 

H
u

g
h

es
 
e
t 

P
la

y
fo

rd
, 

P
l.

 
2

9
,f

ig
.9

,"
D

 
L

o
p

h
o

z
o

n
o

tr
il

e
te

s
 
c
f
. 

g
ra

n
d

is
 

N
au

m
o

v
a 

L
o

p
h

o
z
o

n
o

tr
il

e
te

s 
le

b
e
d

ia
n

e
n

s
is

 
N

au
m

o
v

a,
 

P
l.

 
3 

, 
fi

g
. 

1
. 

L
o

p
h

o
z
o

n
o

tr
il

e
te

s
 

m
a
le

v
k

e
n

si
s 

(N
au

m
o

v
a)

 
K

ed
o

, 
P

l.
2

3
,f

ig
. 

1
4

 
P

l.
 

2
7

 
, 

f
ig

. 
2

. 
L

o
p

h
o

z
o

n
o

tr
il

e
te

s
 
c
f
. 

m
a
le

v
k

e
n

si
s 

(N
au

m
o

v
a)

 
K

ed
o

 
L

o
p

h
o

z
o

n
o

tr
il

e
te

s
 
a
f
f
. 

m
a
le

v
k

e
n

s
is

 
(N

au
m

o
v

a)
 

K
ed

o
 

L
o

p
h

o
z
o

n
o

tr
il

e
te

s
 
r
a
r
it

u
b

e
r
c
u

la
tu

s
 

(L
u

b
e
r)

 
K

ed
o

 
~
 

N
au

m
o

v
a,

 
P

l.
 

23
 

, 
f
ig

. 
1

2
, 

2
1

 
; 

P
l.

 
2

5
, 

f
ig

. 
4

. 

c
f
. 

L
y

c
o

sp
o

ra
 

m
a
g

n
if

ic
a
 

M
c 

G
re

g
o

r 

M
ic

ro
re

ti
c
u

la
ti

s
p

o
ri

te
s
 

lu
n

a
b

.l
s 

K
no

x 

M
u

ro
sp

o
ra

 
f
r
ie

n
d

ii
 

P
la

y
fo

rd
 

M
u

ro
sp

o
ra

 
s
u

b
te

ra
 

(W
a
lt

z
) 

P
la

y
fo

rd
7 

P
l.

 
2

9
 

, 
f
ig

. 
7

, 
8

. 

P
e
r
o

tr
il

it
e
s
 

e
v

a
n

id
u

s
 

(K
e
d

o
) 

V
on

 
A

lm
en

 
c
o

m
b

. 
n

o
v

.,
 

P
l.

 
2

9
, 

f
ig

. 
5

, 
6

. 
P

e
r
o

tr
il

it
e
s
 
lu

te
o

lu
s
 

(N
au

m
o

v
a)

 
V

on
 

A
lm

en
 

c
o

m
b

. 
n

o
v

.,
 

P
l.

 
2

9
, 

f
ig

. 
4

. 

H
y

m
e
n

o
z
o

n
o

tr
il

e
te

s
 
lu

te
o

lu
s
 

N
au

m
o

v
a.

 

P
e
r
o

tr
il

it
e
s
 

p
e
ri

n
a
tu

s
 

H
u

g
h

e
s 

e
t 

P
la

y
fo

rd
, 

P
l.

 
2

0
, 

f
ig

. 
8 

P
l.

 
29

 
, 

f
ig

. 
2

, 
3

. 
P

e
r
o

tr
il

it
e
s
 
c
f
. 

p
e
ri

n
a
tu

s
 

H
u

g
h

e
s 

e
t 

P
la

y
fo

rd
 

P
u

lv
in

is
p

o
ra

 
d

e
p

re
s
s
a
 
B
~
l
m
e
 
e
t 

H
a
s
s
e
l 

P
u

n
c
ta

ti
s
p

o
ri

te
s
 

a
e
ra

ri
u

s
 

B
u

tt
. 

e
t 

W
il

l.
 

P
u

n
c
ta

ti
s
p

o
ri

te
s
 
d

e
b

il
is

 
H

a
c
q

u
e
b

a
rd

 
P

u
n

c
ta

ti
s
p

o
ri

te
s
 

g
la

b
e
r 

(N
au

m
o

v
a)

 
P

la
y

fo
rd

,P
l.

 
1

9
, 

f
~
g
.
 

2
. 

P
u

n
c
ta

ti
s
p

o
ri

te
s
 
ir

ra
s
u

s
 

H
a
c
q

u
e
b

a
rd

, 
P

l.
 

1
9

 
, 

f
ig

. 
3

. 
P

u
n

c
ta

ti
s
p

o
ri

te
s
 
c
f
. 

ir
r
a
s
u

s
 

H
a
c
q

u
e
b

a
rd

. 
P

u
n

c
ta

ti
s
p

o
ri

te
s
 

o
b

li
q

u
u

s
 

K
o

sa
n

k
e
. 

P
u

n
c
ta

ti
s
p

o
ri

te
s
 
s
o

li
d

u
s
 

H
a
c
q

u
e
b

a
rd

, 
P

l.
 

1
9

, 
f
ig

. 
1

. 
P

u
n

c
ta

ti
s
p

o
ri

te
s
 
v

ir
io

s
u

s
 

H
a
c
q

u
e
b

a
rd

. 

P
u

s
tu

la
ti

s
p

o
r
it

e
s
 
g

ib
b

e
ro

s
u

s
 

(H
a
c
q

u
e
b

a
rd

) 
P

la
y

fo
rd

, 
P

l.
2

6
 

f
ig

. 
3 

; 
P

l.
 

29
 

, 
f
ig

. 
1

. 
P

u
s
tu

la
ti

s
p

o
r
it

e
s
 
c
f
. 

g
ib

b
e
ro

s
u

s
 

(H
a
c
q

u
e
b

a
rd

) 
P

la
y

fo
rd

, 
P

l.
 

3
, 

f
ig

. 
2

. 



.....
. 

.j
::

. 
0

\ 
'.1

.1
21

3 
4 

5 

x 

X
IX

IX
 

I ~ x
 

:1: 
x
x
 x

 

x(x
 

x.
x 

x 
x 

x 

61
7 

a1
91

01
1b

2'
.l

.3
u1

sl
l6

11
 hs

19
ai

21
22

~ 

x 

x 
I 

I I 
x 

X
X

, 
I 

X
 

X
 

x 
x
x
 

I 
IX

 
x 

( 

I 
I 

x 
: 

x 
I 

Ix
 x

 
1 

x 
x
x
x
l 

ix 
x
x
 

1 , 

I 
X

 
I 

xi x 
I 

x
x
 

I 
x 

; I
 

1; 
Ix

 
jx

x
 x

 1
 • 

x 

Ix 
x
x
 x

 I
 

x 
lxx

 x
 I 

x 
x 

xx
 

I I 
x 

lx
x 

I 

x 

I I I XI
 I I xi I 

x 

I 
x 

I I I I I I 

I I I I I I Ix
 

Ix
 

I I Ix
 

I I I I I I I Ix
 

I I 

X
IX

 X
 

X
 

x 

x x x 
x 

x 

x 

X
i I I I x: 
'I : I
 

I 
. 

I I I I I xr
 I I I I I I I I 

R
a
is

tr
ic

k
ia

 
a
m

p
u

ll
a
c
e
a
 
H

a
c
q

u
e
b

a
rd

 
(V

o
ir

 
A

n
a
p

ic
u

la
ti

s
p

o
ri

te
s
) 

R
a
is

tr
ic

k
ia

 
c
la

v
a
ta

 
H

a
c
q

u
e
b

a
rd

. 
R

a
is

tr
ic

k
ia

 
c
o

ry
n

o
"g

e
s 

S
u

ll
iv

a
n

, 
P

l.
 

4 
, 

f
ig

. 
1

2
, 

-1
:3

 •
. 

R
a
is

tr
ic

k
ia

 
m

a
c
ru

ru
s 

(L
u

b
e
r)

 
D

o
lb

y
 
e
t 

N
e
v

e
s,

 
P

l.
 

4 
,f

ig
.1

0
,1

1
 

A
n

a
p

ic
u

la
ti

s
p

o
ri

s
 
c
f
. 

m
a
c
ru

ru
s 

(L
u

b
e
r)

 
P

o
to

n
ie

 
e
t 

K
re

m
p

. 

R
a
is

tr
ic

k
ia

 
m

in
o

r 
C

K
ed

o)
 

N
e
v

e
s 

e
t 

D
o

lb
y

. 
R

a
is

tr
ic

k
ia

 
p

o
n

d
e
ro

sa
 
P

la
y

fo
rd

, 
P

l.
 

4 
, 

fi
g

. 
1

, 
2

. 
R

a
is

tr
ic

k
ia

 v
a
r
ia

b
il

is
 

D
o

lb
y

 
e
t 

N
e
v

e
s,

 
P

l.
 

4 
, 

f
ig

. 
3

, 
5 

a 
9

. 
R

a
is

tr
ic

k
ia

 
s
p

. 
A

 
in

 
S

u
ll

iv
a
n

 
1

9
6

4
. 

R
a
is

tr
ic

k
ia

 
s
p

.,
 

P
l:

-2
7

 
, 

f
ig

. 
1

0
. 

R
a
is

tr
ic

k
ia

 
s
p

.,
 

P
l.

 
·4

 
, 

f
ig

. 
4

. 

R
e
ti

c
u

la
ti

s
p

o
r
it

e
s
 

? 
fi

m
b

ri
a
tu

s
 

W
in

sl
o

w
, 

P
l.

 
3 

, 
f
ig

. 
1

0
 

P
l.

 
2'.

l. 
, 

f
ig

. 
9

. 
R

e
ti

c
u

la
ti

s
p

o
ri

te
s
 
fi

m
b

ri
a
tu

s
 
v

a
r.

 
s
p

a
th

u
la

tu
s
 

W
in

sl
o

w
, 

P
l.

 
2

2
 

, 
fi

g
. 

'.1
.6

. 
R

e
ti

c
u

la
ti

s
p

o
ri

te
s
 

p
la

n
u

s
 

H
u

g
h

e
s 

e
t 

P
J.

E
1

y
fo

rd
 

(V
o

ir
 

D
ic

ty
o


tr

il
e
te

s
 
tr

iv
ia

li
s
)
, 

P
l.

 
1

9
 

, 
f
ig

. 
1

1
. 

R
e
tu

s
o

tr
il

e
tP

s
 

co
m

m
u

n
is

 
N

au
m

o
v

a.
 

R
e
tu

s
o

tr
il

e
te

s
 
g

re
g

g
s
ii

 
M

c 
G

re
g

o
r.

 
R

e
tu

s
o

tr
il

e
te

s
 

in
c
o

h
a
tu

s 
S
u
l
l
i
v
~
n
,
 

P
l.

 
1

9
, 

f
ig

. 
4 

; 
P

l.
 

2
2

, 
f
ig

. 
6 

; 
P

l.
 

2
3

, 
f
ig

. 
8 

j 
P

l.
 

2
7

, 
f
ig

 .. 
6

. 
R

e
tU

s
o

tr
il

e
te

s
 

p
la

n
u

s 
D

o
lb

y
 
e
t 

N
e
v

e
s.

 
R

e
tu

s
o

tr
il

e
te

s
 

p
u

n
c
ta

tu
s
 

· 
C

h
ib

ri
k

o
v

a
. 

? 
R

e
tu

s
o

tr
il

e
te

s
 

p
u

n
c
ta

tu
s
 

C
h

ib
ri

k
o

v
a
, 

P
l.

 
2

2
, 

f
ig

. 
9

. 
R

e
tu

s
o

tr
il

e
te

s
 

ro
tu

n
d

u
s
 

(S
tr

e
e
l)

 
e
m
~
n
d
.
 

L
e
le

 
e
t 

S
tr

e
e
l 

R
e
tu

s
o

tr
il

e
te

s
 

si
m

p
le

x
 

N
au

m
o

v
a.

 
R

e
tu

s
o

tr
il

e
te

s
 

tr
ia

n
g

u
l 

.1
.t1

.ls
 

S
tr

e
e
l 

.. 
R

e
tu

s
o

tr
il

e
te

s
 
v

e
rr

u
c
o

s
u

s
 

C
a
ro

-M
o

n
ie

z
 

(V
o

ir
 

A
n

ic
u

li
re

tu
-

s
is

p
o

ra
 
s
p

. 
A

).
. 

-
R

e
tu

s
o

tr
il

e
te

s
 
s
p

.,
 

P
l.

 
2

1
, 

f
ig

. 
8 

; 
P

l.
 

2
2

 
, 

f
ig

. 
1

0
 .. 

R
h

a
b

d
o

s
p

o
ri

te
s
 
c
f
 •
. 
la

n
g

i 
(E

is
e
n

a
c
k

) 
R

ic
h

a
rd

s
o

n
. 

S
c
b

o
p

fj
te

s
 
c
lu

v
ig

e
r 

S
u

ll
iv

a
n

, 
P

l.
 

1
9

, 
f
ig

. 
7

, 
8

. 
S

c
h

o
p

fi
te

s
 
c
f
. 

c
la

v
ig

e
r 

S
u

ll
iv

a
n

 
? 

S
c
h

o
p

fi
te

s
 
s
p

.,
 

P
l.

 
3

, 
f
ig

. 
3

. 

S
e
c
a
ri

s
p

o
ri

te
s
 
s
p

.,
 

P
l.

 
2

7
 

, 
f
ig

. 
1

. 

S
p

in
o

z
o

n
o

tr
il

e
te

s
 
c
f
. 

b
a
lt

e
a
tu

s
 

P
la

y
fo

rd
 

{
v

o
ir

 
C

ra
s
s
is

p
o

ra
).

 
S

p
in

o
z
o

n
o

tr
il

e
te

s
 

c
o

n
s
p

ic
u

u
s
 
P

la
y

fo
rd

. 
S

p
in

o
z
o

n
o

tr
il

e
te

s
 
c
f
. 

c
o

n
s
p

ic
u

u
s
 

P
la

y
fo

rd
, 

P
l.

 
3 

, 
f
ig

. 
8

,9
. 

-
-
=
-
-
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
=
=
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
 
-
~
~
~
-



,....
.. 

.j
::

. 
-..

..!
 

1 
2 

3 
4 

5 
6 

x
x

 x
 x 

x
x

x
 

x x 

x
x

 x
 

x
x

 

x
x

 x 

7 
8 

9
1

0
1

1
1

2
1

3
1

4
 1

5
 1

6 
1 

7 

x 
x

x
 

7 
7 

x
x

 
x 

I 
x 

x 
7

1x
x 

7 

? 
? 

x 
xx

 
x 

x 
x

x
x

 
x 

x 
x 

x x 
x 

x 
x 

,x
 x

x 

I 
x 

1
s
 1

9 
2

0
2

1
z
!z

 

x 
I I 

x
x

 
I?

 
I I 

x 
I I I 

, 
x 

I 
! 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I : I
 

IX
 

,x
 

I I 
x

x
x

 
I?

 

I 
I 

x 
I?

 
xi

 I I 

I 

S
p

in
o

z
o

n
o

tr
il

P
.t

e
s 

c
f.

 
te

n
u

is
p

in
u

s 
H

ac
q

u
eb

ar
d

. 
7 

S
p

in
o

z
o

n
o

tr
il

e
te

s
 
c
f
. 

te
n

u
is

p
in

u
s
 

H
a
c
q

u
e
b

a
rd

. 
S

p
in

o
z
o

n
o

tr
il

e
te

s
 
u

n
c
a
tu

s
 

H
a
c
q

u
e
b

a
rd

, 
P

l.
 

2
2

, 
f
ig

. 
3 

P
l.

 
2

3
, 

f
ig

. 
1

6
. 

S
p

in
o

z
o

n
o

tr
il

e
te

s
 
c
f
. 

u
n

c
a
tu

s
 
~
a
c
q
u
e
b
a
r
d
.
 

S
p

in
o

z
o

n
o

tr
il

e
te

s 
c
f.

 
u

n
c
a
tu

s 
H

ac
q

u
eb

ar
d

. 
S

p
in

o
z
o

n
o

tr
il

e
te

s
 
c
f
. 

u
n

c
a
tu

s
 

H
a
c
q

u
e
b

a
rd

. 

S
te

n
o

z
o

n
o

tr
il

e
te

s
 
il

le
p

id
u

s
 

Is
h

c
h

e
n

k
o

. 
? 

S
te

n
o

z
o

n
o

tr
il

e
te

s
 
s
p

. 

T
u

m
u

li
sn

o
ra

 
o

rd
in

a
ri

a
 
S

ta
p

li
n

 
e
t 

J
a
n

s
o

n
iu

s
. 

U
n

id
e
n

ti
fi

e
d

 
G

SC
 

n
°
 

2
5

4
9

9
 

(V
a
ir

 
D

ic
ty

o
tr

il
e
te

s
 
tr

iv
ia

li
s
: 

P
l.

 
2

3
, 

f
ig

. 
2

3
. 

V
a
ll

a
ti

s
p

o
r
it

e
s
 
p

u
s
il

li
te

s
 

(K
ed

o
) 

D
o

lb
y

 
e
t 

N
e
v

e
s,

 
P

l.
 

5
, 

f
ig

. 
1

2
 

; 
P

l.
 

1
4

 
, 

f
ig

. 
9 

; 
P

l.
 

2
5

 
, 

f
ig

. 
1

. 

H
y
m
~
n
o
z
o
n
o
t
r
i
l
e
t
e
s
 

p
u

s
il

li
te

s
 

K
e
d

o
. 

V
a
ll

a
ti

s
p

o
r
it

e
s
 
v

a
ll

a
tu

s
 

H
a
c
q

u
e
b

a
rd

, 
P

l.
 

6 
, 

f
ig

. 
1

, 
2 

; 
P

l.
 

1
4

 
, 

f
ig

. 
1

1
. 

V
a
ll

a
ti

s
p

o
r
it

e
s
 
v

e
rr

u
c
o

s
u

s
 

H
a
c
q

u
e
b

a
rd

, 
P

l.
 

1
4

, 
f
ig

. 
1

0
. 

V
e
rr

u
c
o

s
is

p
o

ri
te

s
 

a
tr

a
tu

s
 

(N
au

m
o

v
a)

 
D

o
lb

y
 
e
t 

N
e
v

e
s.

 
V

e
rr

u
c
o

s
is

p
o

ri
te

s
 

c
o

n
g

e
s
tu

s
 

P
la

y
fo

rd
. 

V
e
rr

u
c
o

s
is

p
o

ri
te

s
 
n

it
id

u
s
 

(N
au

m
o

v
a)

 
P

la
y

fo
rd

, 
P

l.
 

1
4

, 
f
ig

. 
1 

; 
P

l.
 

2
5

, 
f
ig

. 
7 

; 
P

l.
 

2
7

, 
f
ig

. 
7

. 
V

e
rr

u
c
o

s
is

p
o

ri
te

s
 

p
ri

m
it

iv
u

s
 

(I
sh

c
h

e
n

k
o

) 
D

o
lb

y
 
e
t 

N
ev

E
.•

s.
 

V
e
rr

u
c
o

s
is

p
o

ri
te

s
 
r
o
t
u
~
d
u
s
 

(N
au

m
o

v
a)

 
D

o
lb

y
. 

V
e
rr

u
c
o

s
is

p
o

ri
te

s
 

s
c
o

ti
c
u

s
 

S
u

ll
iv

a
n

, 
P

l.
 

1
9

 
, 

f
ig

. 
1

0
. 





3e PARTIE 

I.U.G.S. Subcommission 

on Carboniferous Stratigraphy 





Report and Proceedings of the Meeting of the 
I.U.G.S. Subcommission on Carboniferous Stratigraphy 

held in Liege, 16th to 18th April, 1969 

T.N. GEORGE 1 , President & R.H. WAGNER 2 , Secretary 

The Subcommission enjoyed the hospitality of the University of 
Liege and of the Institut National des Industries Extractives (INIEX), 
through the kindness of Professor S. Leclercq and Dr. P. Stassen, 
respectively. Receptions were given by the University, INIEX, and 
the Maire of the City of Liege. Subsequent to the meeting, excursions 
were held in the region of Dinant (19th to 20th April) and in Saarland 
(21st to 22nd April). Apart from reports on the excursion areas, 
the following contributions were presented for publication (those 
read during the S.C.C.S. meeting are marked with an asterisk, those 
read or introduced during the C.I.M.P. meeting are marked with 
a double asterisk). 

1 . Contributions 

R.L. AUSTIN, R. CONIL, G. DOLBY, M. LYS, E. PAPROTH, F.H.T. 
RHODES, M. STREEL, J. UTTING & D. WEYER. Les couches de 
passage du Devonien au Carbonifere de Hook Head (Irlande) au Bohlen 
(D.D.R.). 

* R.L. AUSTIN, R. CONIL & S. HUSRI. Correlation and age of the 
Dinantian rocks North and South of the river Shannon, Ireland. 

R.L. AUSTIN & F.H.T. RHODES (in collaboration with J. BOUC
KAERT, R. CONIL, M. LYS & H. PIRLET). New Dinantian conodont 
faunas of France and Belgium, a preliminary report. 

* J. BOUCKAERT & A. C. HIGGINS. The position of the Mississippian/ 
Pennsylvanian boundary in the Namurian of Belgium. 

* A. BOUROZ, H. GRAS & R.H. WAGNER. Apropos de la limite West
phalien/Stephanien et du Stephanien inferieur. 

** A. COMBAZ & M. STREEL. Microfossiles vegetaux du Tournaisien 
inferieur dans le core-drill de Brevillers (Pas-de-Calais). 

1 Department of Geology, The University, Glasgow W. 2., Scotland (U.K.). 

2 Department of Geology, The University, St George's Square, Sheffield l, 
England (U.K.). 
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R. CO NIL & M. L YS. Donnees nouvelles sur les Foraminiferes des 
couches de passage du Famennien au Tournaisien dans l'Avesnois. 

*/** G. DOLBY. Spore assemblages from Devonian/Carboniferous transition 
measures in South-West Britain and Southern Eire. 

* J. DOUBINGER. Reflexions sur Ia flore du Mont Pele (Bassin d'Autun). 

** H. KAISER. Die « Hymenozonotriletes /epidophytus Zone• auf der 
Bareninsel. 

* M. KALIBOV A. The significance of megaspores for the stratigraphic 
zoning of the Plzen Basin. 

** J.P. LAVEINE. Note preliminaire sur Jes spores in situ de quelques 
Pecopteridees houilleres. Implications paleobotaniques et stratigraphiques. 

P.G. LLEWELLYN, I.R. HOSKIN & J. BACKHOUSE. Preliminary report 
on Lower-Middle Tournaisian miospores from the Hathern Anhydrite 
Series, Hathern borehole, Leicestershire, England. 

** D.C. McGREGOR. Hymenozanotriletes /epidophytus Kedo and asso
ciated spores from the Devonian of Canada. 

B.L. MAMET & B.A. SKIPP. Preliminary foraminiferal correlations of 
early Carboniferous strata in the North American Cordillera. 

B. OWENS. Recognition of the Devonian/Carboniferous boundary by 
palynological methods. 

E. P APROTH & M. STREEL. Correlations biostratigraphiques pres de la 
Iimite Devonien/Carbonifere entre Jes facies Iittoraux ardennais et les 
facies bathyaux rhenans. 

* A. RABITZ. Dbersicht der Entwicklung der marinen Horizonte im 
flozfiihrenden Ruhrkarbon und Ausblick auf die Verhaltnisse im Aachener 
Revier. 

*/** J. UTTING & R. NEVES. Miospores from the Devonian/Carboniferous 
transition beds of the Avon Gorge, Bristol, England. 

** W.F. von ALMEN. Miospores from Devonian/Mississippian boundary, 
Carter County, Oklahoma, U.S.A. 

* R.H. WAGNER. An Outline of the Carboniferous Stratigraphy of North
west Spain. 

*R.H. WAGNER, D.G. JONES, E. SPINNER & C.H.T. WAGNER
GENTIS. The upper Cantabrian rocks near Inguanzo, eastern Asturias, 
Spain. 

* R.H. WAGNER & C.F. WINKLER PRINS. The stratigraphic succes
sion, flora and fauna of Cantabrian and Stephanian A rocks at Barruelo 
(Palencia), N. W. Spain. 

2. Stephanian chronostratigraphic units 

Following the establishment of a working group, headed by Dr. A. 
Bouroz, on the subdivisions of the Stephanian (see Subcommission 
Report, Sheffield 1967, sub 5) a progress report was presented by Dr. 
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Bouroz et al. It reached the conclusion that recent work indicated the 
time equivalence of rocks in the lower part of the succession in the 
Cevennes coalfield of France with most of the « Cantabrian » of North
west Spain. It also recognised the existence of a stratigraphic gap below 
the Holz Conglomerate of the succession in Saar/Lorraine. The recent 
correlations, combined with the inadequacies of the succession in Saar/ 
Lorraine, led the Subcommission to withdraw the following recommen
dations which were proposed and agreed, in 1967, viz. (a) that the 
Stephanian base be defined at Tonstein 60 (coincident with the W1-W2 
spore zone boundary) in the Lorraine sequence; and (b) that in conse
quence the stratotypic locus for the basal part of the Stephanian be 
designated as Lorraine. A final decision on the base of the Stephanian 
has now been postponed, and the Subcommission requested Dr. Bouroz 
and his working group to present a further report at the next general 
meeting of the Subcommission in Krefeld, 1971. 

3. Westphalian B-C 

The Subcommission requested Drs. Josten, Laveine and Calver to 
contribute general summaries on the stratigraphy of coalfields in 
Western Germany, the North of France and in Britain respectively, 
so as to assist the Subcommission in determining the most suitable 
location for permanently accessible stratotypes. These reports will 
be circulated to interested members of the Subcommission. 

4. Westphalian B-C and Westphalian C-D 

The Subcommission also decided to establish working groups to 
consider stratotypes and the boundaries between chronostratigraphic 
units in the Westphalian. Drs. K.H. Josten and M.J.M. Bless agreed 
to be responsible for a working group .concerned with Westphalian· 
B-C. Dr. J.P. Laveine similarly agreed to be responsible for a working 
group concerned with Westpha1ian C-D. A close collaboration between 
these two working groups is envisaged. 

5. Carboniferous Stages / Series 

The matter of rank of the various chronostratigraphic units of 
the Carboniferous of Western Europe was discussed, but no agree
ment was reached on (a) the equivalence in rank of Dinantian on 
the one hand and Namurian, Westphalian and Stephanian on the 
other; and (b) the matter of according Westphalian and Stephanian 
the rank of a Series, or, alternatively, that of a Stage. 
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6. International Congress of Carboniferous Stratigraphy and Geology 

On the recommendation of Dr. P. Vetter the Subcommission agreed 
to request the Congress to consider the desirability of spacing the 
Congress meetings a little more widely. An interval of about 6 years 
was suggested. 

7. Field Meetings 

On the recommendation of Dr. R.H. Wagner the Subcommission 
approved the organisation of field meetings at intervals between formal 
meetings of the Subcommission. Such field meetings are to be advert
ised to the entire Subcommission, and should offer as wide a range of 
interests as possible, even though it is realised that attendance is likely 
to be more restricted than that of formal meetings. It has been 
suggested that certain field meetings, outside the normal area of 
well known localities of Carboniferous rocks in Western Europe, may 
qualify for some financial support from the I.U.G.S. The promotion 
of field meetings shall be the responsibility of the Secretary of the 
Subcommission. 

8. Publication of Proceedings 

The Subcommission gratefully acknowledges the provlSlon made 
by the University of Liege, under the general editorship of Dr. M. 
Streel, of the volume « Colloque sur la Stratigraphie du Carbonifere », 

containing the contributions made during this Subcommission meeting 
and that held by the Commission Internationale sur la Microflore 
du Paleozoi:que (C.I.M.P.). It also wishes to record its indebtedness 
to the parent body, I.U.G.S., for additional financial support. 

9. Acknowledgements 

The Subcommission has pleasure in expressing its gratitude to 
the hosts of this assembly, in particular Professor S. Leclercq and 
Dr. P. Stassen, and to the local organisers of the meeting, Dr. M. 
Streel and Dr. R. Noel. A special vote of thanks goes to Dr. Streel, 
whose efficient organisation is to a large extent responsible for the 
success of this meeting. The Subcommission is also indebted to the 
leaders of the field excursions, viz. Drs. R. Conil and H. Pirlet for 
the Dinant Excursion, and Dr. G. Kneuper and Mr. H.W. Weingardt 
for the Saar Excursion, who contributed in no small measure to the 
enjoyment and instruction of Subcommission members. Finally, the 
Subcommission wishes to record its indebtedness to Mr. J.A. Knight, 
who has given unstintingly of his time and effort as an Assistant 
Secretary. 
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PROCEEDINGS OF APRIL 16th, MORNING 

Dr. M. Streel, on behalf of the University of Liege and the Institut 
National des Industries Extractives (INIEX), welcomed the members 
of the Subcommission. Professor T.N. George, President of the Sub
commission, thanked Dr. Streel and formally opened the meeting. 
Professor George conveyed the apologies of Sir James Stubblefield 
who due to ill health was unable to attend the meeting, and who 
conveyed his best wishes for the success of the meeting. It was regret
ted that the Proceedings of the last meeting of the Subcommission, held 
in Sheffield in September 1967, were not yet published, due to prin
ter's delay. The proofs of the relevant part of the Compte rendu of 
the 6th International Congress of Carboniferous Stratigraphy and 
Geology were, however, available for consultation by members of 
the Subcommission present in Liege. The President reminded the 
Subcommission that the discussions held in Sheffield indicated the 
presence of two major stratigraphic problems to be considered, i.e. 
1/ the subdivisions of the Westphalian, and 2/ the Westphalian-Ste
phanian boundary and subdivisions of the lower Stephanian. 

Discussion on the subdivisions of the Westphalian, and the problem 
of the Westphalian B-C boundary 

The President read the relevant section of the Sheffield Report (sub 6), 
and indicated that two problems presented themselves, viz. the position of 
the Westphalian B - C boundary and the location of the stratotype(s). 
A general discussion ensued. 

J.P. Laveine : No new information on the problem of the Westphalian 
B-C boundary seems to be available since the Sheffield meeting. The main 
question seems to revolve around the relative merits of the successions 
proposed as stratotypes in Northern France and West Germany. Are the 
German workers in a position to enlarge on the report presented in Sheffield 
with regard to the new exposures of Westphalian Crocks in West Germany 
(mine and borehole information) ? 

H. Fiebig : replied that over the last year new information on the higher 
Westphalian had become available as the result of mining activity and 
boreholes. This information, obtained in the Ibbenbiiren area, would be 
published within a month. Mining is presently going on at an horizon at 
700 m above the Aegir Marine Band, and a new borehole will provide 
additional information on the Westphalian C succession. It is hoped that 
this borehole will reveal the presence of the tonstein Maxence, facilitating 
correlation with the North of France. It was noted that no trace had been 
found thus far of the Top Marine Band which, by analogy with the 
Yorkshire coalfield in Britain, should be found at an approximate position 
of 500 m above the Aegir Marine Band. 
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E. Paproth : Above the Aegir Marine Band only some horizons with 
foraminifera have been found in West Germany. These horizons are not 
as well characterised as the higher marine bands in the British Coal 
Measures, which carry a well defined marine fauna. At present, it is 
impossible to decide which of these horizons would represent the Top 
Marine Band of the Yorkshire coalfield. 

J. P. Laveine : The use of marine bands is naturally restricted, since they 
cannot be expected to extend over large areas ; e.g. one cannot expect the 
Aegir Marine Band to be identifiable in North Africa. 

H. Fiebig : observed that a tonstein would also have a restricted occur
rence, and would, therefore, be no better in this sense than a marine band. 

J. Chalard: 11 est necessaire de placer la limite entre Westphalien B et 
Westphalien c a un niveau OU il se produit un changement net dans la flore 
et la faune continentales, ceci pour permettre de retrouver la meme limite 
dans les autres bassins, limniques ou paraliques. La limite petrographique 
precise ne peut etre choisie qu'ensuite. Ort a propose le tonstein Maxence 
parce que c'est le seul repere petrographique pratique existant au niveau 
propose. 

A. Rabitz : observed that the absence of information on the tonstein 
Maxence in Germany made it impossible to use this horizon as a boundary 
in this country, and made the following statement on the usefulness of the 
Aegir Marine Band. 

« Die Aegir-Horizont unterscheidet sich <lurch seine relativ grosse Anzahl 
von Spezies und <lurch seine Brachiopoden-Fazies von allen anderen 
marinen Horizonten des Ruhr-Karbons. Da er mit den gleichen Eigen
schaften auch in den westlichen Nachbarliindern und dariiber hinaus bis 
England eindeutig nachweisbar ist, sollten wir ihn als stratigraphische 
Grenze beibehalten ». 

E. Paproth : requested information about the use of stratotypes, and 
wondered if it were not sufficient just to define the lower boundary of a 
chronostratigraphic unit. 

T. N. George : replied that, according to Professor Hedberg (President 
of the Subcommission on Stratigraphic Classification), a stratotype is a rock 
section where the base of any given stage is defined. 

E. Paproth : Fiir die Definition der Grenze ist die marine Fazies giinsti
ger, weil marine Fossilien im allgemeinen sehr viel weniger abhiingig von 
der Fazies als terrestrische sind. Alle iilteren Grenzen im Silesium liegen 
im marinen Milieu und der Agir-Horizont bietet die letzte Gelegenheit, die 
Westfal B-C Grenze ebenfalls im marinen Milieu zu definieren. Das Fehlen 
einer kontinuierlichen Dberlieferung im marinen Milieu im Westfal B-C 
muss kein Argument gegen die Wahl des Agir-Horizontes als Grenze sein. 
Wo die kennzeichnenden Fossilien fehlen, konnen andere Fossilien und 
andere Mittel zu Hilfe geholt werden. Der Stratotyp fiir die Westfal B/C 
Grenze - die Untergrenze des Agir-Horizontes - konnte in einem Gebiet 
gesucht werden, in dem diese Schichten zu Tage treten. 
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J. P. Laveine : Should stratotypes be marine or continental ? 

R.H. Wagner: We are presently concerned only with regional stratotypes 
for Western Europe. However, it would be useful if these regional strato
types were defined with an eye on possible future correlations on the world 
wide scale. In this context, there is a case for the retention of the Agir 
Marine Band as the lower limit to the Westphalian C stratotype, since this 
marine band apparently represents a eustatic transgression which might 
eventually be linked to an interglacial of the Upper Carboniferous Ice Age 
on Gondwanaland ; thus offering a possible means of world-wide corre
lation. It would seem doubtful that even a cineritic tonstein could be quite 
as widespread in its effect. Perhaps Dr. Chalard would care to comment 
on the areal extent of tonsteins. 

J. Chalard : Les tonsteins ont une extension geographique du meme ordre 
de grandeur que celle des niveaux marins. Ils ont meme une extension plus 
grande puisque les niveaux m.arins n'existent que dans les bassins paraliques, 
tandis que les tonsteins existent egalement dans les bassins paraliques et dans 
les bassins limniques. Par exemple, le niveau marin d'Aegir n'existe pas dans 
le bassin de la Sarre et de la Lorraine et il n'est done pas utilisable dans ce 
bassin, tandis que les tonsteins peuvent y etre utilises comme limites, aussi 
bien que dans les autres bassins. 

T. N. George : We are presently concerned only with a regional, Western 
European set of stratotypes. It would be most useful to select these strato
types in marine or largely marine successions, but, with the exception of 
some incompletely studied sequences in Spain, the Westphalian succession 
in Western Europe is predominantly of a continental facies. For the boun
dary between Westphalian Band C in Western Europe, it would seem useful 
to define this boundary at a line where a noticeable change in flora and 
fauna takes place. The problem seems to be to find changes· which are 
sufficiently widespread to be useful for correlation, and to define an 
appropriate marker bed to coincide, even approximately, with such a 
biostratigraphic change. 

M. A. Calver: The equivalent of the Aegir Marine Band, known as 
the Mansfield Marine Band, is well-known and widespread in Britain and 
this horizon is a reliable datum for correlation with the other coalfield areas 
of N.W. Europe. On the other hand, the various tonstein bands have not 
yet been studied sufficiently in Britain to be used for interbasinal correlation. 
The Top Marine Band is less extensive than the Mansfield horizon. Its 
position corresponds approximately with significant faunal, floral and 
palaeogeographic changes and it has therefore been adopted as a major 
line of correlation between the Middle and Upper Coal Measures of 
England and Wales. It has not been recognised in the coalfields of the 
Midland Valley of Scotland, where the major line of classification between 
the Middle and Upper Coal Measures is taken at Skipsey's (= Aegir) 
Marine Band. 
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K. H. Josten: Das Top-Marine Band ist im Ruhrkarbon nicht bekannt, 
wohl einige schwach-marine Horizonte. 

J.P. Laveine: Wherever the boundary between Westphalian B and C is 
being taken, it should be at a line showing changes in flora and fauna. 
Such a change occurs at the horizon of tonstein Maxence in Northern 
France. This horizon would be a suitable boundary because it combines a 
noticeable palaeontological change with a well-marked and widespread 
marker bed. 

K. H. Josten: Der Agir Horizont ist in ganz Nordwesteuropa ausgebildet 
und gut zu identifizieren. Zusatzlich andert sich im Bereich des Flozes Agir 
auch die Flora, so dass man im allgemeinen, auch in Bohrungen, das obere 
Westfal B vom unteren Westfal C palaobotanisch unterscheiden kann. Im 
tibrigen braucht ein Wechsel der Flora in verschiedenen Gebieten nicht 
gleichzeitig einzutreten, wie wir im Westfal C des Ruhrgebietes und des 
Ibbenbtirener Karbons feststellen mussten. 

R.H. Wagner: Could the French and German workers please inform us 
about the permanent accessibility of the proposed stratotype sections in 
Northern France and the Ruhrgebiet, respectively, and state clearly where 
mine and/ or borehole information is involved. 

J.P. Laveine: The sections in Northern France are in coal mines which 
are scheduled to be closed in ten years time. 

K. H. Josten: The Westphalian D (Piesberg) and certain parts of West
phalian C are available in outcrop ; furthermore, good sections of West
phalian B and C exist in coal mines, some of which will continue to be 
worked for a long time, whilst others are scheduled to be closed. 

R.H. Wagner: Perhaps the British workers could inform us on the perm
anent accessibility of Westphalian rock sequences in South Wales and 
other coalfields in Great Britain. 

D. G. Jones: The accessibility and completeness of the Westphalian 
succession in South Wales is very good. All the marine bands are present 
and can be seen in surface exposure. Also the correlation - by means of 
these marine bands - is assured with Northern France and the Ruhr 
District. The succession in South Wales is not only complete in terms of 
rock sequence, but also contains abundant floras and non-marine lamelli
branchs throughout. 

T. N. George : wanted to know whether a shift to South Wales of the 
type section is envisaged, and wondered if this would entail any changes 
in the concept of Westphalian A, B and C as we know it. 

R.H. Wagner: If it would be decided that South Wales provides a more 
suitable stratotype for Westphalian stages than either the Ruhr District or 
Northern France, this should not entail a change in concept of Westphalian 
A, B. and C, since the exact correlation between these areas is not in doubt 
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(thanks to the various marine bands). Can we perhaps reach agreement 
about the requirements for a stratotype, so that the relative merits of the 
various different areas can be assessed ? 

T. N. George : stated that a stratotype should be well defined and perm
anently accessible. 

K. H. Josten: Sowohl der marine Horizont Agir als auch der Wechsel 
der Flora im (jetzigen) hoheren Westfal C haben als stratigraphische Grenze 
Vor - und Nachteile. Da es wohl, wie die Diskussion zeigt, im Augenblick 
nicht moglich ist, die beste Grenze zwischen dem Westfal B und C fest
zulegen, schlage ich folgendes vor : Die Vertreter der einzelnen Lander 
stellen jeweils ein Profil des Westfals C zusammen, mit einer stratigraphi
schen Untergliederung. Dazu sollen die stratigraphisch wichtigsten Merk
male (Makrofauna, Mikrofauna, Makroflora, Mikroflora, Tonsteine, etc.) 
angegeben werden. Diese Unterlagen sollen gegenseitig ausgetauscht werden, 
so dass wir uns bis zum Karbonkongress 1971 Klarheit darilber schaffen 
konnen, wo die besten Leithorizonte liegen. Danach dilrfte es auch leichter 
fallen, den am besten geeigneten Stratotypen zu finden. Diese Unterlagen, 
die gegenseitig ausgetauscht werden sollen, konnen gleichzeitig als Arbeits
grundlage filr die Diskussionen der nachsten Sitzung dienen. Vielleicht ist 
dann, wenn wir in Westeuropa Ergebnisse vorliegen haben, der nachste 
Schritt moglich, dass wir auch mit aussereuropaischen Landern genauer 
vergleichen konnen. 

T.N. George : invited Drs. Laveine, Josten and Calver to prepare sum
maries of prospective stratotype successions in Northern France, West 
Germany and South Wales, respectively. These summaries should include 
proposals for specifically designated rock sections, and contain clear inform
ation about the kind of exposure (viz. outcrop, mine and borehole) and 
the likelihood of permanent accessibility (including the possibility of preser
vation as officially protected sites). It was requested that these summaries 
should be available for publication in the « Colloque sur la Stratigraphie du 
Carbonifere » (Liege 1969), and in print before the end of 1970. 

M. J.M. Bless: The Carboniferous Congress in Heerlen, 1927, decided 
that the Westphalian should be divided into several units. As the boundaries 
between these units widespread and well-known marine bands were selected, 
viz. the Sarnsbank M.B. at the base of Westphalian A, the Katharina M.B. 
at the base of Westphalian B, and the Aegir M.B. at the base of Westphalian 
C. Each of these marine bands was characterised by a special fauna. In 
1930 some « Richt-Schnitte » were measured in the Ruhr District. These 
were considered to be typical sections for Westphalian A, B and C. Since 
then, numerous workers have investigated the marine bands and non
marine successions of the Westphalian in north-western Europe. The exact 
meaning of Westphalian A, B and C in this area is now well known. 

According to the code proposed by the International Subcommission on 
Stratigraphic Terminology (now the Subcommission on Stratigraphic Classifi
cation) in 1960 and 1964, a chronostratigraphic unit is defined by a speci-
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fically designated stratotype or reference section - with preferably corre· 
latable upper and lower limits - which is fundamentally independent of 
all physical and palaeontological bases for stratigraphic subdivision and 
which may cut across the boundaries of lithostratigraphic and biostrati
graphic units. The present Westphalian B/C boundary complies in all 
respects with these conditions, if we accept as the formal stratotype the 
« Richt-Schnitte » of 1930 (which are no longer accessible) or their replace
ment, the « Richtschichtenschnitte » described by Fiebig over the last ten 
years. On the other hand, since these sections may no longer be accessible 
in a few years time (due to mine closures), it may be desirable to transfer 
the reference section to another area where permanent accessibility can be 
guaranteed, i.e. if the present stratigraphic boundaries can be maintained. 

If it should be decided to change the boundary between Westphalian B 
and C, the meaning of these chronostratigraphic units would be altered ; 
thus causing confusion. 

J. P. Laveine : The Aegir Marine Band appeared to be the best limit 
between Westphalian B and C at the time it was first proposed (1927), but 
this is not necessarily the position at present. 

H. Bode: The proposed moving of the Westphalian B/C limit entails 
the difficulty that it introduces a new concept of Westphalian B and C, 
and that it forces future workers to state whether they refer to Westphalian 
B/C sensu 1927 or Westphalian B/C sensu 1969. It is axiomatic that,a 
term, which has been in general use, can be abandoned, but cannot be 
changed in meaning. It would, therefore, become necessary to abandon 
Westphalian A, B and C, and change, for instance, to Westphalian 1, 2 
and 3. If it is decided to abandon the Aegir Marine Band, the limit between 
Westphalian B and C can only be defined on fossil flora. This is possible, 
but cannot give as sharp a limit as is provided by the Aegir Marine Band. 

A. Rabitz : Even though changes are permissible, il seems advisable to 
retain the established usage if there are no grave objections against this. 

R.H. Wagner: During the Subcommission meeting of Sheffield, 1967, it 
was decided that the Namurian should be regarded as a Series which con
tained a number of stages. By analogy the Westphalian and the Stephanian 
should then also be recognised as Series, and the subdivisions Westphalian 
A, B, C, D and Stephanian A, B, C, regarded as stages, and formally named 
as such. 

T. N. George: proposed to regard the Dinantian, Namurian, Westphalian 
and Stephanian as chronostratigraphic units of equivalent rank, and to 
recognise these units as Series. The question now arises whether it is right 
to continue with the informally named sub-divisions Westphalian A, B, 
C, etc. It may be considered more correct to give formal stage names to 
these units. 

H. Bode : objected that the unit of equivalent rank to the Dinantian was 
the Silesian, incorporating the Namurian, Westphalian and Stephanian. 
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R. H. Wagner : The Silesian has been used as just another name for the 
Upper Carboniferous in continental facies in Western Europe. As a name 
it has not gained universal currency, and as a concept it is superfluous if 
Namurian, Westphalian and Stephanian are applied as major stratigraphic 
units. It may also be noted that it has never been defined as a chronostra
tigraphic unit with a specific type area. 

E. Paproth : Bevor man sich entschliesst den Begriff « Silesium » fallen 
zu lassen, sollte man sich versichern in welcher Form er auf der Sitzung 
dieser Subcommission gebilligt worden ist. Wenn ich mich recht erinnere, 
ist der Begriff « Silesium » formell eingeftihrt worden. Er soll den Begriff 
« Oberkarbon » im Sinne der west-europaischen Geologen ersetzen, um eine 
Verwechslung mit dem Begriff « Oberkarbon » sowjetischer Geologen zu 
vermeiden. Ich bin aus diesem Grund dagegen, den Begriff « Silesium » 

jetzt wieder fallen zu lassen. 

R. H. Wagner : The « Silesian » has been proposed as a replacement of 
«Upper Carboniferous» in the West European sense (see Int. Geological 
Congress Copenhagen 1960, pt. XXVIII, p. 288) in order to avoid confusion 
with the Russian « Upper Carboniferous » which roughly equals Stephan
ian. A proposal does not imply universal acceptance and it would seem 
that usage of the term since 1960 is not so intensive as to make abandon
ment of this term in 1969 a major embarrassment. The usefulness of the 
term is debatable, since it merely groups together Namurian, Westphalian 
and Stephanian, and sets the sum total of these units against Dinantian. It 
could be argued that this gives excessive weight to the Dinantian which, 
both in duration and number of successive fossil zones, is probably more 
comparable to each of these units separately. The relatively new term 
« Silesian » could be made redundant by assigning the same rank to 
Namurian, Westphalian, and Stephanian as has been accorded the Dinantian, 
i.e. to divide the Carboniferous in Europe into the Dinantian, Namurian,, 
Westphalian and Stephanian Series. This would bring the general usage in 
line with the accepted usage of Namurian as a Series (see Report of the 
Subcommission meeting in Sheffield 1967), and would also provide a certain 
degree of parity with the main stratigraphic units recognised by Soviet 
geologists (which may be useful in the future when it is tried to establish a 
uniform set of chronostratigraphic units all over Europe). It is, therefore, 
proposed to suppress " Silesian " as a superfluous term, and to recognise 
Dinantian, Namurian, Westphalian and Stephanian as units of equivalent 
rank, to be considered as Series. 

Written contribution by W. P. van Leckwijck (who did not attend this 
part of the meeting) : I would like to draw the attention of the members 
of the Subcommission to the fact that Silesian as a stratigraphic unit was 
not merely a « proposal » but a « decision » made by the Subcommission 
and subsequently ratified by the " Commission on Stratigraphy " and by 
the International Geological Congress, at its final General Assembly in 
Copenhagen in 1960. If the Subcommission now decides to drop Silesian, 
this will once again require ratification from the overall Commission and 
from the IGC at its final General Assembly in Montreal in 1972. 

161 



It may be useful to add another argument to the one raised by Dr. Eva 
Paproth, for the adoption of Silesian as a formal unit. You will remember 
that in 1951 at Heerlen, the Americans presented a proposal to drop the 
Carboniferous as a System and to consider the Mississippian and the Penn
sylvanian as Systems. This was supported by a very small minority of 
European stratigraphers who were ready to raise the European units then 
named Lower Carboniferous and Upper Carboniferous to the status of 
systems, 'because they were more or less the equivalent of the Mississippian 
and the. Pennsylvanian. However, the great majority of European geologists 
were not in favour of this modification and it was decided to maintain 
Carboniferous as a System. This did not satisfy the Americans who said 
they would go on considering Mississippian and Pennsylvanian as separate 
units of systemic rank. In order to reconcile these conflicting propositions, 
it was admitted that Mississippian and Pennsylvanian wpuld be considered 
as « sub-systems » (or systems of provisionally non worldwide usage), 
although this term had not up to now been given a formal status in the 
hierarchy of stratigraphic units ; Carboniferous would be kept to designate 
the formal System. At the same time it was agreed that the Westeuropean 
approximate equivalents of Mississippian and Pennsylvanian, i.e. the Lower 
and Upper Carboniferous, should also be considered as sub-systems for 
European usage. It was however deemed more appropriate to give them, as 
was the case for the American sub-systems, geographical names. In the 
Lower Carboniferous there were already two names in existence : Dinantian 
and Avonian; for priority reasons, Dinantian was chosen. For the Upper 
Carboniferous, the word Silesian was coined by Pruvost and unanimously 
accepted by the Subcommission. In order not to have to reconsider the 
whole problem once again, it would be advisable not to suggest a rather 
slight modification such as the dropping of a term, which, besides, serves 
its purpose. 

If Dinantian and Silesian are sub-systems, then Tournaisian and Visean, 
and also Namurian, Westphalian and Stephanian obviously have to be 
Series. How would our American Colleagues react, if the Europeans decided 
to relegate the Dinantian, that is their Mississippian, back to the statm of 
a Series, when they want it to be a full-blown System ? 

T.N. George : mentioned the tentative correlation between Northwestern 
Europe and Russia, as proposed by Russian geologists during the Carbon
iferous Congress in Heerlen 1958. 

R. H. Wagner : Some aspects of the correlation proposed by the Russians 
in 1958 have to be regarded as truly tentative and subject to revision as 
soon as detailed information on interlocking marine and continental deposits 
in Spain and the Alps makes it possible to integrate the information on 
fusulinid and other marine fossil zones with that on continental floras and 
faunas in Western Europe. 

T. N. George : stated that the Russian succession of chronostratigraphic 
units should be regarded as another regional stratigraphic scheme which, 
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for the time being, should be kept fully independent from the regional 
Western European scheme. 

Proceedings of 16th April afternoon 

Four papers were read on the subjects of Dinantian and Namurian 
stratigraphy, the Devonian/Lower Carboniferous boundary, and the 
Mississippian/Pennsylvanian boundary in terms of West European 
chronostratigraphy. 

(See discussions at the end of these papers). 

Proceedings of 17th April 

Four papers were read, first on Upper Carboniferous marine qands 
in the Ruhr District, and afterwards on primarily Stephanian rocks 
in Spain, France and Saar/Lorraine. 

(See discussions at the end of these papers). 

Proceedings of 18th April 

A general discussion on the activities of the Subcommission on 
Carboniferous Stratigraphy was followed by the presentation of papers 
on Stephanian flora in Autun, France, megaspores in the Plzen basin 
of Czechoslovakia, and the co-existence of certain macro- and micro
floral remains with marine fauna in a « Cantabrian » locality of 
eastern Asturias, Spain. 

(See discussions at the end of these papers). 

Discussion on future activities 

1. Next meeting of Subcommission 

A discussion was held about the next general meeting of the Subcom
mission which is to be on the occasion of the 7th Int. Congress of Carbon
iferous Stratigraphy and Geology. It was decided to restrict the Subcom
mission meeting to two days preceding the congress, i.e. the 21st and 22nd 
of August, 1971. A report on the Subcommission proceedings will be 
given by the President on the last day of the congress, and, if necessary, 
the meetings of the Subcommission will continue on one or two evenings 
during the congress. 

2. International Congress of Carboniferous Stratigraphy and Geology 

Members of the Subcommission raised the matter of spacing of the 
Carboniferous Congress meetings, and it was agreed to ·make a represent
ation to the Permanent Organising Committee of the Congress to consider 
a wider spacing of congress meetings, e.g. every 6th year. 
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3. Field Meetings 

It was suggested and approved that the Subcommission organise field 
meetings in the years between formal general meetings. These meetings 
are to be organised through the Secretary of the Subcommission and are 
official though informal Subcommission meetings. They should be advertised 
not only in Western Europe but also in Eastern Europe and America, since 
these 'may be occasions for a comparison between the West European 
chronostratigraphic scale and those erected in North America and Russia. 
It is' also hoped that the Subcommission may be able to arrange field 
meetings in Eastern Europe, and Prof. W. P. van Leckwijck suggested that 
support for such meetings be requested from IUGS. A suggestion that the 
first field meeting be held in 1970 in Spain met with general approval. It 
was further suggested that the next one might well be held in the Alps ; 
the aim being to meet first on the less familiar areas. Although these field 
meetings should be organised to offer the widest possible range of Carbon
iferous strata, it is understood that these will not be occasions for a reunion 
of the entire Subcommission. 

4. Programme for the general meeting in Krefeld, 1971 

On the suggestion of the President the following general programme for 
this meeting was accepted : 

(1) Further reports on the subdivision of the Stephanian, and on the 
Westphalian/Stephanian boundary, by the working group headed by 
Dr. A. Bouroz. 

(2) Reports to be presented on the Westphalian B/C stratotypes. 
(3) Reports on the Westphalian CID stratotypes. 
(4) Reports on the Devonian/Carboniferous junction. 
(5) Any other papers that may be brought forward by individual members 

of the Subcommission. 

5. New Working Groups 

It was further decided to establish working groups on the problems of 
(1) the Devonian/Carboniferous junction, (2) the Westphalian B/C strato
types and (3) the Westphalian CID stratotypes. Dr. M. Streel was proposed 
as chairman of the first working group, Drs K. H. Josten and M. J.M. 
Bless for the second group, and Dr. J.P. Laveine for the third. The 

i , chairmen of these working groups cordially invite any contribution that 
' · can be made to a further solution of the problems in hand. 

Publication and dissemination of reports 

1. For the publication of the Proceedings of the Liege meeting, contri
butors to the volume « Colloque sur la Stratigraphie du Carbonifere » were 
requested to send palynology papers to Dr. M. Streel and the other 
stratigraphy papers to Dr. R.H. Wagner. 
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2. During the meeting of 16th April, it was decided that Drs. Laveine, 
Josten and Calver would present summaries on the respective merits as 
Westphalian stratotypes of the coalfields of Northern France, West Ger
many and Britain and that these reports would be published. However, in th<! 
meeting of 18th April it was considered advisable to treat these reports 
as internal and to present them to members of the Subcommission in 
cyclostyled form. They will be distributed by Drs. K.H. Josten and M.J.M. 
Bless to interested members of the Subcommission. 

Journal on stratigraphic type sections 

Professor W.P. van Leckwijck drew the attention of the Subcommission 
to the recent establishment of a journal designed to take contributions on 
stratigraphic type sections and related information. This journal welcomes 
reports that will incite discussion, and will publish the discussions in full. 

The editor is Dr. G. Liittig, Niedersiichsisches Amt fiir Bodenforschung, 
Alfred Bentz Haus, Postfach 54, Hannover-Buchholz, G.F.R. 
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Les couches de passage du Devonien au Carbonifere 
de Hook Head (Ireland) au Bohlen (D.D.R.) 

R. AUSTIN 1, R. CONIL 2 , G. DOLBY 3 , M. LYS 4, 
E. PAPROTH 5 , F.H.T. RHODES 6 , M. STREEL 7 , J. UTTING 8 

& D. WEYER 9 

Avec 2 hors-texte. 

Le but de cette courte notice et surtout des deux hors-texte qu'elle 
introduit est de presenter, d'une maniere aussi synthetique et homo
gene que possible, les donnees « 1970 }) d'un probleme a l'ordre du 
jour des precedents comme du prochain Congres International de 
Stratigraphie et de Geologie du Carbonifere. II s'agit de la definition 
precise et adequate de la limite entre les systemes Devonien et Carbo
nifere et sa materialisation sur une coupe de reference. 

Ces hors-texte n'unt d'autre ambition que d'exposer les faits : 
pour cette raison ne sont pas mentionnees les diverses propositions 
souvent contradictoires ou ambigues faites dans la litterature concer
nant l'age des couches de terrains representees. 

1 Geology Department, The University, Southampton, England. 

2 Institut Geologique de l'Universite, rue St-Michel 6; Leuven, Belgique. 

3 Geology Department, King's College, Strand, London W.C. 2, England. 

4 C.N.R.S. Geologie Historique, Faculte des Sciences, 91 Orsay, France. 

5 Geologisches Landesamt, Nordrhein-Westfalen, Krefeld, B. R. Deutschland. 

6 Department of Geology and Mineralogy, University of Michigan, Ann 
Arbor 48104, Michigan, U.S.A. 

7 Laboratoire de Paleontologie vegetale, Universite, Place du Vingt-Aofrt, 
7, Liege, Belgique. 

8 Geology Department, The University, St George's Square, Sheffield 1, 
England. 

9 Zentrales Geologisches Institut, 44 Invalidenstrasse, Berlin 4, Deutsche 
Demokratische Republik. 
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Tous ces profils ont fait l'objet de publications recentes dont les 
references sont indiquees sur les hors-texte. Ces profils ne sont done 
pas commentes ici, a !'exception du profil de Bohlen pour lequel des 
informations inedites sont presentees par D. Weyer (voir texte 
allemand). 

Les auteurs de cette notice croient qu'il est necessaire de faire 
coincider la base du Tournaisien et la limite Devonien/Carbonifere 
et que, par consequent, une definition et un stratotype communs 
doivent etre valides. L'etage represente l'unite de base de la classifi
cation chronostratigraphique ; il est defini en se referant a une sequence 
specifique de roches representant un seul interval de temps dans un 
stratotype. Le stratotype d'un etage peut consister en une seule coupe 
type designee ou en plusieurs coupes separees qui, ensemble, repre
sentent completement l'intervalle concerne. Le plus important est la 
designation de la limite inferieure de l'etage. 

Dans un but pratique, la base d'un etage peut etre tracee dans 
le stratotype a la base d'une biozone commode. (La presence de cette 
biozone dans une autre sequence que le stratotype n'implique pas 
necessairement une correlation isochrone entre les deux successions 
de couches). Le sommet d'un etage est delimite par la base de l'etage 
qui lui succede, lequel peut avoir ou ne pas avoir sa coupe type dans 
la meme region. 

En general, un stratotype devrait etre : 

- fossilifere (con tenant des organismes fossiles aussi diversifies que 
possible); 

d'origine marine ; 

depourvu de perturbation d'origine tectonique ; 

depourvu de lacunes et discordances ; 

d'acces facile et 

- protege de sa destruction. 

Les symboles Fa2c a Tn2a representent les subdivisions du Famen
nien superieur et du Tournaisien inferieur qui ont re<;u jusqu'a present 
la definition biostratigraphique la plus complete dans la region type 
franco-belge. (Voir notamment Bouckaert, Streel & Thorez 1968, et 
Conil, Pirlet & Lys 1967). La base du Tn2a est placee au sommet du 
bane 234 a Anseremme; la base du Tnlb, a la base du bane 159 a 
Anseremme ; la base du Tnl a, a la base du terme q a A vesnelles ; la 
base du Fa2d, a la base du bane 96 a Rivage-gare. 

La limite Famennien/Tournaisien qu'elle suggere (limite Fa2d/ 
Tnla) ne constitue en aucun cas un choix de notre part. 11 convient 
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d'ailleurs de rappeler que d'autres positions stratigraphiques de la 
limite Famennien/Tournaisien ont ete proposees dans la region type 
franco-belge, soit plus haut (le Tl de Dupont 1882 et de Forir, Soreil 
& Lohest 1899), soit plus bas (les Tnlaek, B de Conil 1964). 

Nous croyons utile de reproduire ci-dessous une partie du «Report 
of the International Union of Geological Sciences, Subcommission on 
Carboniferous stratigraphy » ( 6e Congres International de Stratigraphie 
et de Geologie du Carbonifere, Sheffield 1967, Volume I, 1969, 
pp. XLIV-XLV): «The Subcommission ... (Voir texte anglais). 

Die Schichten an der Devon-Karbon-Grenze, 
von Hook Head (Ireland) bis zum Bohlen (D.D.R.) 

Mit 2 Falttafeln im Anhang 

Der Zweck dieser kurzen Notiz und besonders der beiden Tafeln 
im Anhang ist es, den gegenwartigen (1970) Stand eines Problems 
darzustellen, <las die vergangenen internationalen Karbon-Kongresse 
(lnternationalen Kongresse fiir die Stratigraphie und Geologie des 
Karbons) beschaftigt hat und mit dem sich auch der kommende 
Kongress wieder befassen wird. Es handelt sich um die genaue und 
erschopfende Definition der Grenze zwischen den Systemen Devon 
und Karbon und ihre Verkorperung in einem Richt-Schnitt. 

Die Tafeln im Anhang wollen allein die Tatsachen darstellen. Es 
wird darauf verzichtet, auf die verschiedenen, oft widerspriichlichen 
und mehrdeutigen Ausserungen einzugehen, die iiber <las Alter der 
Schichten in den betrachteten Gebieten veroffentlicht worden sind. 

Alle dargestellten Profile sind neueren Arbeiten entnommen ; die 
Zitate sind auf den Tafeln angegeben. Die Profile werden im allge
meinen im Text nicht erlautert, nur zum Bohlen-Profil hat Dr. Weyer 
einige Bemerkungen gemacht. 

Die Verfasser dieser Notiz halten es fiir wiinschenswert, dass die 
Grenze zwischen dem Devon und dem Karbon mit der Untergrenze 
des Tournaisiums zusammenfallt, <lass also fiir beide eine gemeinsame 
Definition und ein gemeinsamer Stratotyp gelten sollten. Die Stufe 
ist die Grund-Einheit der chronostratigraphischen Klassifizierung; 
sie wird mit Hilfe einer Gesteinsfolge definiert, die einen bestimmten 
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Zeit-Abschnitt in einem Richt-Profil verkorpert. Der Stratotyp der 
Stufe kann aus einem bestimmten Richt-Profil bestehen oder aus 
mehreren, getrennten Abschnitten zusammengesetzt sein ( « composite 
stratotype » ), die zusammen, ohne dass sich die als typisch gekenn
zeichneten Abschnitte i.iberlappen, den betreffenden Zeitabschnitt 
verkorpern. Am wichtigsten ist die Kennzeichnung der unteren Stu
fen-Grenze. 

Aus praktischen Grunden kann die Untergrenze einer Stufe im 
Richt-Profil an die Untergrenze einer Bio-Zone gelegt worden. (Der 
Nachweis dieser Bio-Zone in einem anderen als dem Richt-Profil 
bedeutet nicht notwendig die Gleichaltrigkeit der beiden Schichtfolgen.) 
Die Obergrenze einer Stufe wird <lurch die Untergrenze der nachst 
folgenden Stufe bestimmt, deren Richt-Profil in der gleichen oder 
einer anderen Gegend liegen kann. 

Im allgemeinen sollte ein Richt-Profil: 

- Fossilien fi.ihren, 

- in marinen Milieu entstanden sein, 

- keine tektonischen StOrungen enthalten, 

- keine Schichtli.icken und Diskordanzen aufweisen, 

- leicht zuganglich und 

- vor ZerstOrung geschi.itzt sein. 

Die Symbole Fa2c bis Tn2a bezeichnen die Glieder des oberen 
Famenniums und des unteren Tournaisiums, die im belgischen und 
franzosischen Typus-Gebiet am vollstandigsten biostratigraphisch 
definiert sind (vgl. besonders Bouckaert, Streel & Thorez 1968 und 
Conil, Pirlet & Lys 1967). 

Die Untergrenze des Tn2a liegt im Dach der Bank 234 in Anse
remme; die Untergrenze des Tnlb liegt an der Untergrenze der Bank 
159 in Anseremme; die Untergrenze des Tnla liegt an der Unter
grenze des Abschnitts q in Avesnelles; die Untergrenze des Fa2d 
liegt an der Basis der Bank 96 im Bahnhof Rivage. Die in dieser 
Gliederung angenommene Grenze zwischen Famennium und Tour
naisium (die Grenze Fa2d/Tnla) stellt keine Wahl unsererseits dar. 
Es wird bier auch daran erinnert, dass fi.ir die Grenze zwischen 
Famennium und Tournaisium franzosischen und belgischen Typus
Gebiet andere stratigraphische Positionen vorgeschlagen worden sind 
und zwar sowohl hohere (das Tl von Dupont 1882 und von Forir, 
Soreil & Lohest 1899) als auch tiefere (Tnlaa., ~ von Conil 1964). 

Wir halten es fi.ir richtig, bier einen Abschnitt aus dem « Report 
of the International Union of Geological Sciences, Subcommission 
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on Carboniferous stratigraphy» wiederzugeben (6e Congr. Intern. Stra
tigr. Geel. Carbon., Sheffield 1967, C. R. Bd. I, S. XLIV f.) : 

« The Subcommission ... (Siebe englischen Text). 

Der Aufschluss am Bohlen (D. Weyer) 

Siidlich von Saalfeld in Thiiringen stehen am Steilhang der Saale 
am Bohlen und in einigen benachbarten Aufschliissen oberdevonische 
und unterkarbonische Schichten an. In ihnen sind samtliche biostrati
graphischen Zonen van der Manticoceras-Stufe des basalen Oberdevons 
bis zur Gattendorfia-Stufe des tiefsten Unterkarbons mit zahlreichen 
Fossilien (vor allem Ammonoidea, Trilobita, Ostracoda, Conodontida) 
nachgewiesen. An die Kalkknoten-Schiefer der Gattendorfia-Stufe 
schlieBt sich im Hangenden die rein klastische Schichtfolge des thiiringi
schen Kulms an ; ihr basaler Horizont, der RuB-Schiefer, ist ein Aqui
valent des belgischen Mittel- und Obertournai. 

Der Aufschluss am Bohlen gehort zu den am friihesten und griind
lichsten untersuchten Profilen. Die letzte zusammenfassende Bearbei
tung stammt van H. Pfeiffer (1954). Die verschiedenen stratigra
phisch bedeutsamen Fossilgruppen sind in mehreren Spezialarbeiten 
behandelt warden - Ammonoidea (0.H. Schindewolf 1952; H. 
Pfeiffer 1959), Trilobita (R. & E. Richter 1926, 1951; H. Pfeiffer 
1954, 1959), Ostracoda (H. Blumenstengel 1959, 1965; J. Griindel 
1961, 1962), Conodontida (J. Helms 1959, J. Griindel 1961). 

Exakt horizontierte neue Aufsammlungen von K. Bartzsch, Saal
feld, lieferten wichtige Goniatiten-Funde aus der Zone des Gnathodus 
kockeli Bischoff 1957 an der Basis der Gattendorfia-Stufe. Von Imito
ceras acutum Schindewolf 1923, dem Leitfossil der van E. Vohringer 
(1960) vorgeschlagenen altesten karbonischen Goniatiten-Zone, liegen 
drei Exemplare aus Kalkknoten-Schiefern im Bereich 0.3-0.7 m iiber 
dem Hangenden Quarzit var. Aus dem gleichen Niveau stammen zwei 
Arten einer neuen, phylogenetisch wichtigen Ammonoidea-Gattung, die 
Gattendorfia Schindewolf 1920 in Sutur und Gehauseform gleicht, aber 
kraftige Spaltrippen, ahnlich wie einige Pericyclinae, besitzt. Gatten
dorfia subinvoluta (Munster 1839) ist in einer Kalkbank 0.7 m iiber 
dem Hangenden Quarzit nachgewiesen warden. Die Korallen der Saal
felder Gattendorfia-Stufe sind identisch mit entsprechenden Funden 
aus der Gattendorfia-Stufe des Rheinischen Schiefergebirges und deut
lich verschieden van den Korallen-Faunen der mitteleuropaischen 
W ocklumeria-Stufe. 
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Transitional Devonian/Carboniferous Sequences 
between Hook Head (Ireland) and Bohlen (D.D.R.) 

With 2 text-figures 

The aim of this short paper and particularly of the two figures it 
introduces is to present, as synthetically and homogeneously as possi
ble, the « 1970 » information on a problem which was discussed at the 
6th International Congress of Carboniferous Stratigraphy and Geology 
and which will be again on the agenda of the next Congress. The 
matter is to define accurately and adequately the limit between the 
Devonian and Carboniferous Systems and to materialize it on a type 
section. 

The only purpose of the figures is to state the facts ; therefore we 
do not mention the different propositions, often contradictory or 
ambiguous, of the literature as to the age of figured beds. 

All the represented sections formed the subject of recent publications 
the references of which are found on the figures. Therefore we do 
not comment on them here, except for the Bohlen profil for which 
Dr. Weyer gives unpublished information. (See the German text). 

The authors of this paper believe it is necessary to make the base 
of the Tournaisian coincide with the Devonian/Carboniferous limit 
and, accordingly, a common definition and a common type section 
have to be authenticated. 

The Stage represents the basic working unit of chronostratigraphic 
classification and is defined by reference to a specific sequence of 
rocks representing a unique interval of time in a type section. 

The stratotype may consist of a single designated type section or 
it may be a composite stratotype, formed by the coordination of several 
separate sections which together, but without duplication of the 
intervals to be accepted as type, represent the desired interval. Of 
most critical importance is the designation of the lower type boundary 
of the Stage. 

The base of a stage can, for practical purposes, be drawn in the 
type section at the base of a convenient biozone. (The occurrence 
of this biozone in a sequence other than the type section does not 
necessarily imply an isochronous correlation between the two succes
sions). The top of a stage is delimited by the base of the succeeding 
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stage which may or may not have its type section in the same district. 
The qualities of a type section should be as follows : 

- fossiliferous (containing as wide a diversity of fossil organisms as 
possible); 

---'- marine origin ; 
- free from tectonic disturbance ; 
- without non sequences and unconformities ; 
- easily accessible ; 
- protected from destruction. 

The notations Fa2c to Tn2a represent the subdivisions of the Upper 
Famennian and Lower Tournaisian that have got up to now the most 
complete biostratigraphical definition of the Franco-Belgian type area. 
(See especially Bouckaert, Streel & Thorez 1968 and Conil, Pirlet 
& Lys 1967). The Tn2a base is placed at the top of the 234 bed 
in Anseremme; the Tnlb base, at the base of the 159 bed in Anserem
me ; the Tnl a base, at the base of the term q in Avesnelles ; the 
Fa2d base, at the base of the 96 bed in Rivage-gare. 

The suggested Famennian/Tournaisian limit (Fa2d/Tnla limit) is 
not at all a choice we make. Anyway, it must be recalled that other 
stratigraphical positions of the Famennian/Tournaisian limit were 
proposed in the Franco-Belgian type area, either higher (Tl of Dupont 
1882 and of Forir, Soreil & Lohest 1899), or lower (Tnla~, ~ of 
Conil 1964). 

We found it useful to reproduce hereafter a part of the «Report 
of the International Union of Geological Sciences, Subcommission 
on Carboniferous Stratigraphy» (6th International Congress on Carbo
niferous Stratigraphy and Geology, Sheffield 1967, Volume I, 1969, 
pp. XLIV-XLV): 

The Subcommission, in discussing the need for a precise separation 
of Carboniferous and Devonian, recognized the many difficulties that 
arise from variations and incompatibilities of usage : 
a) an early distinction of the Tournaisian Stage from the Devonian 

Famennian Stage at the base of what has come to be called Tnla; 
b) the invocation of stricter palaeontological controls in the use of 

shelly fossils for defining the Carboniferous base, notably goniatites 
(as in 1935, when the Subcommission accepted the incoming of 
Gattendorfia as definitive and the Tournaisian base as being desig
nated at the base of the subzone of G. subinvoluta) and to a less 
degree trilobites and productellids : the base of the Carboniferous 
then being placed within Tnla, perhaps at the base of Tnlb; and 
the locus typicus being moved from France-Belgium to Germany; 
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c) the recent discoveries of rich microfossil suites (foraminifers, cono
donts, spores) in the Tnla that suggest other palaeontological hori
zons useful in classification, each of which offers some inducement 
to be regarded as the base of the stage - notably the base of 
Tnlay (1) (with index fossil Quasiendothyra kobeitusana) in the 
Avesnois; 

d) the conflicting claims, at least in emphasis, of the different criteria ; 
e) the nomenclatural confusion arising from shifts in horizon of a 

definitive base, involving the meaning of the notational symbols, 
the range of the Famennian, the place of the Strunian, and the 
identification of the Tournaisian base with the Carboniferous base. 

The Subcommission, after considering at length proposals to change 
the basis of classification from goniatites to other groups, and to 
place the Tournaisian base at one horizon or another, proposed to 
defer a consideration of them until more information should become 
available especially ori the fauna and flora of the present subdivisions 
of Tnla. Meantime, the decision of the 1935 Congress stands - that 
the base of the Carboniferous system lies at the base of the Gatten
dorfia Zone. 

(1) Authors' note: the base of Tnlay Conil 1964 is equivalent to the base of 
Tnla Conil, Pirlet & Lys 1967. Quas. kobeitusana has recently been discovered 
below this horizon (see Conil & Lys 1970). 
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Correlation and Age of the Dinantian Rocks North 
and South of the Shannon, Ireland 

R.L. AUSTIN 1, R. CONIL 2 & S. HUSRI 1 

With 5 text-figures and plates 1-2. 

ABSTRACT. 

Dinantian rocks north and south of the River Shannon in Ireland are corre
lated using conodonts. Preliminary results of conodonts recovered from Counties 
Clare and Limerick are presented. Range charts show the distribution of 
conodonts and foraminifera in these areas. Correlations are also suggested with 
the Dinantian reference sections in Belgium. 

RESUME. 

Des correlations par conodontes sont proposees pour les terrains dinantiens 
au nord et au sud du Shannon en Irlande. Ils correspondent a des resultats 
preliminaires obtenus dans les comtes de Clare et de Limerick. La distribution 
des Conodontes et des Foraminiferes dans ces regions est presentees en tableaux. 
Des correlations sont proposees egalement avec des coupes de reference du 
Dinantien en Belgique. 

I. INTRODUCTION 

Lower Carboniferous rocks outcrop to the north and south of the 
Shannon Estuary (text - fig. 1). The succession in County Limerick has 
been described by Shephard-Thorn (1963) and in County Clare by 
Tattersall (unpublished thesis 1963). Conodonts have been recovered 
from sections in both these regions and it is shown that the two 
successions can be correlated using conodonts. Thin sections were 
made of the rocks later processed for conodonts and the foraminifera 
present have been used to correlate with the Dinantian reference 
sections in Belgium. This paper presents preliminary results. Detailed 
results will be published at a later date. 

1 Department of Geology, University of Southampton, England. 

2 Institut Geologique de l'Universite, rue St-Michel 6, Leuven, Belgique. 
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II. STRATIGRAPHY AND LOCATION OF SAMPLES 

A. South of the Shannon Estuary in North-West County Limerick 

A general account of the geology of the region is given by Shephard
Thorn (1963). A total of over 6,000 feet of limestone, shales and 
pyroclastic rocks are exposed. According to Shephard-Thorn (1963) the 
rocks range in age from lower Tournaisian to Upper Visean. 

The succession is as follows : 
Foynes Shales (Namurian) 
Corgrig Lodge Beds (D2 Zone) 

Parsonage Beds 
Shanagolden Limestones (Dl Zone) 
Durnish Limestones (S2-Dl Zone) 

Rathkeale Beds (Sl-S2 Zone) 
Waulsortian Reef Limestones 

(C2-Sl Zone) 
Ballysteen Limestones (Z2 Zone) 

Ringmoylan Shales {K Zone) 
Mellon House Beds {Devonian) 

20 feet 
80 feet 
250 feet 
1,000 feet 

1,500 feet 
3,000 - 4,000 feet 

600 feet 

200 feet 
30-40 feet 

The terminology used by Shephard-Thorn in naming the rocks of 
Limerick and by Tattersall in naming the rocks of County Clare is not 
in agreement with the International Code of Stratigraphic Nomencla
ture. In order to avoid ambiguity the names used by these authors are 
quoted in this paper. 

The following samples were collected (see text - fig. 4). 

Mellon House Beds 

These beds were collected from a small quarry 600 yards north
northwest of Mellon House (R 451572 sample Limerick 30). 

Ringmoylan Shales 

A sample was collected from the foreshore west of Ringmoylan Quay 
(R 407579 sample Limerick 25). 

Ballysteen Limestones 

Beds from the middle of the group were collected in shore exposures 
east of Beagh Castle (R 354563 sample Limerick 18) and at an inland 
quarry (R 352563 sample Limerick 24). 
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W aulsortian Reef 

Samples from the base of the reef were collected from the shore 
section at Courtbrown Point (R 323541 sample Limerick 19) and 
from the top of the reef at Aughinish Island (R 283521 sample Lime
rick 1) and from Rathkeale (R 282462 samples Limerick 16, 17). 

Rathkeale Beds 

The upper Rathkeale Beds were collected from a small, sharply 
folded synclinal outlier crossed by the River Deel, a mile and a half 
west-north-west of Rathkeale CR 340432 sample Limerick 15). Samples 
from the Lower Rathkeale Beds were collected near Aughinish Island 
(R 270500 sample Limerick 23). 

Durnish Limestones 

The lower beds were collected on the banks of the River Deel 
(R 340432 samples Limerick 13, 14) and the upper beds were collected 
in a field south-south-east of Foynes (R 264498 samples Limerick 
2-6). 

Shanagolden Limestones 

These limestones were collected from a small quarry near Moig 
House (R 251444 sample Limerick 12). 

Parsonage Beds 

Samples were collected from outcrops in the fields near the Old 
Parsonage at Foynes (R 251505 samples Limerick 7, 8). 

Corgrig Lodge Beds 

These beds were collected in the quarry at Corgrig Lodge 
(R 252499 samples Limerick 9, 10). 

The Upper Visean sediments · are overlain near Foynes by the 
Foynes Shales of E2 age, (Hodson & Lewarne 1961, p. 325). 

B. South County Clare, West of the Rivl~r Fergus 

The Lower Carboniferous .rocks of this region outcrop on a group of 
Islands in the Shannon Estuary and on the mainland to the north. 
They have been described in detail by Tattersall (1963), who named 
the beds as follows : 

Island succession 

Inishtubrid Beds 
Striped Limestone Group 
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Reef Limestone 
Island Slumped Series 
Lord's Rock Limestone 
Canon Island Limestone 
Abbey Limestone 

Mermaid Beds 
Inishloe Chert series 
Inishloe Reef 

Mainland succession 

Reef 
Ballycorick Chert 
Cornfield Reef 

gap 

200 feet 
270-450 feet 

500 feet 
300 feet 

100 feet 
50 feet 

1500 feet 

? 
30 feet 

150 feet 

The following samples were collected (see text - fig. 4). 

lnishloe Reef 

A sample was collected from the top of the reef on Inishloe 
(R 313593 sample Clare 4) to the east of the quay. 

lnishloe Chert Series 

A small sample was collected on the shore at Inishloe (R 310586 
sample Clare 5 A). 

Mermaid Beds 

A sample was collected on the north-north-west shore of Inishloe 
(R 307595 sample Clare 5). 

Abbey Limestone 

A sample was collected from the shore of Canon Island (R 301591 
sample Clare 7). 

Canon Island Limestone 

Several samples were collected from the north-east part of the island 
(R 292582 samples Clare 6, 8). 

Lord's Rock Limestone 

Samples were collected on Canon Island (R 292582 samples Clare 
9, 10). 

Island Slump Series 

The samples of the Slump Series were collected on Canon Island, 
one (R 290588 sample Clare 11) being taken from the limestone above 
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the slump at the Quay (see Tattersall 1963, p, 81) and the other from 
the top of the group on the foreshore (R 291587 sample Clare 12A). 

Striped Limestone Group 

This group was not sampled. 

Inishtubrid Beds 

A sample was collected on the foreshore of Inishtubrid above a 
slumped bed (R 282582 sample Clare 12B). 

Cornfield Reef 

A sample of the Cornfield Reef was collected from Tattersall's 
(1965) locality 7 (R 293647 sample Clare 1). 

Ballycorick Chert 

A sample was collected from the track opposite the entrance to the 
quarry (R 286645 sample Clare 3). 

Reef Limestone 

A sample of the highest beds of the reef was collected from a road
side exposure (R 279646 sample Clare 2). 

In addition a sample of the Inch Bridge Limestone (D2) was collect
ed from a roadside exposure north-east of Inch Bridge (R 306759 
(Rhodes, Austin & Druce 1969). The equivalent Avonian rocks at 

III. THE CONODONT FAUNA 

The more important species of conodonts recovered from County 
Clare and County Limerick are shown in text-figs. 2 and 3. 

In County Limerick the Ringmoylan Shales contain Spathognathodus 
plumulus Rhodes, Austin & Druce, Patrognathus variabilis Rhodes, 
Austin & Druce, Polygnathus inornatus inornatus E.R. Branson, 
Polygnathus inornatus vexatus Rhodes, Austin & Druce, Polygnathus 
inornatus rostratus Rhodes, Austin & Druce and Polygnathus com
munis communis Bran~on & Mehl. This is an assemblage typical of 
the upper part of the K Zone in the Avon Gorge at Bristol. 

The Ballysteen Limestone contains Pseudopolygnathus multistriatus 
Mehl & Thomas, Polygnathus inornatus E.R. Branson, Spathognathus 
cristulus Youngquist & Miller and Polygnathus communis communis. 
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Pseudopolygnathus multistriatus characterises the Z2 beds of the type 
Avonian. 

The base of the Waulsortian reef has a fauna, including Pseudo
polygnathus triangulus Voges, Polygnathus communis carinatus Hass, 
Gnathodus texanus (Roundy), Gnathodus semiglaber (Bischoff), Gna
thodus girtyi simplex Dunn, and Gnathodus typicus (Cooper), which 
suggests an upper Tournaisian age. 

The fauna of the middle part of the reef at Askeaton was described 
by Austin (1968). The top of the reef contains Polygnathus bischoffi 
Rhodes, Austin & Druce, G. texanus, G. semiglaber, G. typicus and 
Gnathodus girtyi simplex. A similar fauna has not been recovered from 
the type Avonian. The fauna is, however, similar to that of the lower 
part of the Visean of Belgium (Conil, Austin, Lys & Rhodes 1969). 

The conodonts recovered from the Rathkeale Beds, the Durnish 
Limestone, the Shanagolden Limestone, the Parsonage Beds and the 
Corgrig Lodge Beds are of interest, because they are different from 
those recovered from the type A vonian, but similar to those described 
from the mainland of Europe (Bischoff 1957). The dominant genus is 
Gnathodus, which was extremely rare in the British reference section 
(Rhodes, Austin & Druce 1969). The equivalent Avonian rocks at 
Bristol contain species of the genera Cavusgnathus Harris & Hollings
worth, Mestognathus Bischoff and Apatognathus Hinde, but the car
bonate rocks in County Limerick contain an abundant fauna of gnatho
dids with few specimens of Cavusgnathus, Mestognathus and Apatogna
thus. These differences in regional distribution are interpreted as being 
due to facies change. 

It is possible to recognise the following conodont zones in the interval 
from the middle of the Rathkeale Beds to the top of the Corgrig 
Lodge Beds: 
a) The Gnathodus homopunctatus - Gnathodus texanus Assemblage 

Zone. 
b) The Gnathodus commutatus commutatus Assemblage Zone. 
c) The Gnathodus bilineatus Assemblage Zone. 

The Gnathodus homopunctatus - Gnathodus texanus Zone is 
characterised by the presence of Spathognathodus cristulus, Gnathodus 
girtyi girtyi Hass, Gnathodus semiglaber, Gnathodus texanus, Spatho
gnathodus scitulus and Mestognathus beckmanni, as well as the zonal 
name bearers. The zone is present in the Rathkeale Beds and the 
greater part of the Durnish Limestone. 

The upper part of the Durnish Limestone and the Shanagolden 
Limestone contain the Gnathodus commutatus commutatus Zone. It 
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is characterised by the presence of the same species as characterise the 
underlying zone, with the addition of Gnathodus commutatus commu
tatus (Branson & Mehl). 

The Gnathodus bilineatus Zone is present in the Parsonage Beds 
and the Corgrig Lodge Beds. The characteristic species are G. homo
punctatus, G. commutatus commutatus, G. symmutatus, Gnathodus 
bilineatus (Roundy), G. girtyi girtyi, G. girtyi simplex and Mestogna
thus spp. 

The same zones are ;recognised to the north of the Shannon in 
County Clare. There is in addition a younger zone, the zone of Gnatho
dus commutatus nodosus Bischoff. This assemblage zone contains G. 
symmutatus, G. commutatus commutatus, G. commutatus nodosus, G. 
bilineatus, G. girtyi girtyi and G. girtyi simplex. 

IV. CORRELATION 

Using the zones suggested above it is possible to correlate the rock 
sequences to the North and South of the Shannon Estuary (text - fig. 4). 
It is suggested that the base of the Mermaid Beds is equivalent to a 
level low in the Rathkeale Beds. The upper part of the Lord's Rock 
Limestone is equivalent to the upper part of the Dumish Limestone, 
and the base of the Striped Limestone is equivalent to the base of the 
Parsonage Beds. 

In Germany the base of the Goniatites Stufe cull! is characterised 
by the appearance of abundant G. bilineatus. It is, therefore, suggested 
that in County Clare the boundary between cull and cuill is at the 
base of the Striped Limestones and in County Limerick the boundary is 
at the base of the Parsonage Beds. 

In Great Britain the first appearance of G. bilineatus was at the base 
of the D2 sub-zone. The need for caution in correlating this horizon 
was referred to by Rhodes, Austin & Druce (1969) and stressed by 
Austin (1968). 

In order to correlate the rocks of Counties Clare and Limerick 
with the sequence in Belgium thin sections were made of rocks 
collected at horizons which were also collected as samples for cono
donts. The foraminifera contained in these rocks have been identified 
by R. Conil, and the results are shown in text - fig. 5. 

In County Clare the presence of Neoarchaediscus in the Ballycorick 
Chert suggests that the Cherts is of V3by age or younger. The Inch 
Bridge Limestone is high in the Visean (probably V3by - V3c) as it 
contains Neoarchaediscus and Howchinia. The Canon Island Lime
stone, the Lord's Rock Limestone and the Island Slump Series are 
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thought to be equivalent to the interval V2b - V3a in Belgium. The 
foraminifera of the Abbey Limestone and the Mermaid Beds are not 
diagnostic of any age. 

The foraminifera of County Limerick indicate that the Durnish 
Limestone and the Shanagolden Limestone occupy the interval of time 
from V2b - V3a in terms of the Dinantian sequence in Belgium. 
Samples Cl 4, Li18, Li20, Li30, Li14, Lil and LilO did not yield 
foraminifera. 

ACKNOWLEDGEMENTS 

We thank Professor F. Hodson, Dr. R. Shepard-Thorn and Dr. J. 
Tattersall for advice and information. We also wish to thank Mrs. A. 
Dunkley for drawing the text-figures, Mrs. M. Long for typing 
the manuscript and Miss T. York for photography. 

REFERENCES 

AUSTIN, R. L. (1968) : Conodont faunas from the Waulsortian reef Limestone at 
Askeaton and from the Cork Red Marble at Middleton. Scient. Proc. R. Dublin 
Soc. (A), 3, 9 : 107-114. 

AusnN, R. L. (1968) : Five Visean conodont horizons in the north of England. 
Geo/. Mag. 105 : 367-371. 

BISCHOFF, G. (1957) : Die Conodonten - Stratigraphie des rhenoherzynischen 
Unterkarbons rnit Berilcksichtigung der Wocklumeria - Stufe und der Devon/ 
Karbon-Grenze. Abh. hess. L. - Amt. Bodenforsch, 19 : 1-64, Tafn. 1-6. 

CoNIL, R. & LYs, M. (1964) : Materiaux pour l'etude micropaleontologique du 
Dinantien de la Belgique et de la France (Avesnois). Mem. Inst. geol. Univ. Louvain 
XXIII: 1-296, pis. 1-42. 

CoNIL, R., PIRLET, H. & LYs, M., with the collaboration of LEGRAND, R., STREEL, 
M., BoucKAERT, J. & THOREZ, J. (1967) : Echelle biostratigraphique du Dinantien 
de la Belgique. Serv. Geo!. Belg., Prof. Paper, 13 : 1-56. 

CoNIL, R. & LYs, M. (1967) : Apen;u sur les associations de foraminiferes Endothy
ro!des du Dinantien de la Belgique. Ann. Soc. geol. Belg. 90 : 395·412, pls. 1-4. 

CoNIL, R. & LYs, M. (1968) : Utilisation stratigraphique des forarniniferes du Dinan
tien. Ann. Soc. geo/. Belg. 91 : 492-557, pis. 1-11. 

CONIL, R., with the collaboration of AUSTIN, R. L., LYS, M. & RHODES, F. H, T. 
(1968) : La lirnite des etages Tournaisien et Viseen au stratotype de l'assise de 
Dinant. Bull. Soc. beige Geo/. Pa/eont. Hydro!., 77 : 39-69, pis. 1-2. 

HODSON, F. & LEWARNE, G. C. (1961) : A Mid-Carboniferous (Namurian) Basin 
in parts of the Counties of Limerick and Clare, Ireland. Q. JI. geol. Soc. Land. 
117 : 307-333. 

191 



PELHATE, A. (1967) : Algues et Foraminiferes viseens du bassin de Laval (Massif 
armoricain). Bull. Soc. geo/. France, (7), IX : 897-902. 

RHODES, F. H. T., AUSTIN, R. L. & DRUCE, E. c. (1969) : British Avonian (Carbon
iferous) conodont faunas, and their value in local and intercontinental correlation. 
Bull. Br. Mus. Nat. Hist. (Geo/.) Supplement 5 : 1-313, pis. 1-31. 

SHEPHARD-THORN, E. R. (1963) : The Carboniferous Limestone succession in North
west County Limerick, Ireland. Proc. Roy. Irish Acad., 62B : 267-294. 

TATTERSALL, J. A. (1963) : The geological succession of the Carboniferous Limestone 
of South County Clare, Ireland, West of the River Fergus. Unpublished Ph. D. 
thesis Univ. of Southampton. 

DISCUSSION 

T. N. George (question) : The two aspects of nomenclature and corre
lation are brought out in the contrasts between the sequence in Ireland and 
the South-Western Province of Britain, when it is recalled that the Caninia 
Oolite is by definition referred to the Lower Avonian, but the Irish Waul
sortian reef, without associated oolite, is placed in the Visean. Would 
Dr. Austin care to comment on the manner in which he envisages lateral 
passage from Avonian to Irish rocks taking place in mid-Dinantian times? 

R. L. Austin (reply) : No, as at present sufficient information is not 
available. 

W.P. van Leckwijck (question) : It has been recently recognised that there 
is no palaeontological evidence for beds of E, age in Belgium. Do we now 
have to admit that the conodont record conflicts with this assumption ? 

D. Meischner (in reply to W. P. van Leckwijck) : Zur Frage, ob E 1 in 
Belgien nur scheinbar fehlt, weil es noch im Kohlenkalk enthalten ist. 
Higgins (1964) hat aus den « couches de passage» eine Subspezies von 
Gnathodus girtyi beschrieben, die identisch ist mit Gn. girtyi Form A 
Meischner 1962 und Gn. girtyi collinsoni Rhodes, Austin & Druce 1969. 
Diese Subspezies ist in deutschen Profilen auf das tiefe Go III beschriiinkt. 
Das ist ein Hinweis darauf, dass der Kohlenkalk noch vor dem Namur 
endet. 
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New Dinantian Conodont Faunas of France and Belgium 
A Preliminary Note 

R.L. AUSTIN 1 & F.H.T. RHODES 2 

with the collaboration of 
J. BOUCKAERT 3 , R. CONIL 4, M. LYS 5 & H. PIRLET 6 

ABSTRACT. 

Conodont faunas of Tnlb, Tn2a, Tn2b, Tn3a, Tn3c, Vla and V3c ages are 
recovered from stratotypes and parastratotypes of the Dinantian succession 
in Belgium and France. 

RESUME. 

Des faunes de Conodontes d'il.ge Tnlb, Tn2a, Tn2b, Tn3a, Tn3c, Vla et 
V3c ont ete trouvees dans les stratotypes et parastratotypes du Dinantien en 
Belgique et en France. 

* ** 

All the stratotypes and parastratotypes of the Dinantian succession 
in Belgium and France were collected by the authors with the help 
and advice of their collaborators. This note presents preliminary results 
of the more important conodont faunas recovered to date. 

In 1964 Conil, Lys & Mauvier showed the distribution of cono
donts in the Franco-Belgian Province. More detailed systematic de
scriptions of Belgian conodonts have been given by Bouckaert & 
Higgins (1963) for the V3 and E2a horizons, by Higgins & Bouckaert 
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2 Department of Geology and Mineralogy, University of Michigan, Ann 
Arbor 48104, Michigan, U.S.A. 

3 Aardkundige Dienst van Belgie, Jennerstraat 13, 1040 Brussel, Belgie. 

4 Institut Geologique de l'Universite, rue St-Michel 6, Leuven, Belgique. 

5 C.N.R.S. Gfologie Historique, Faculte des Sciences, 91, Orsay, France. 

6 Laboratoire de Petrologie, Universite, Place du Vingt-Aout, Liege, Belgique. 
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(1968) from Namurian and Westphalian horizons and by Bouckaert 
& Ziegler (1965) from the Famennian. Austin & Rhodes (in Conil 
1969) gave a preliminary list of conodonts recovered from the stra
totype of the Tournaisian-Visean boundary. 

The succession exposed in a railway cutting at Avesnelles (Carril, 
Lys & Paproth 1964) was extensively sampled, but unfortunately few 
conodonts have been recovered from the 30 kilograms of rocks so far 
processed. Gnathodus kockeli Bischoff, which is diagnostic of the Lower 
Carboniferous and of the Uppermost Devonian (Ziegler 1969) in the 
type-sections in Germany has been found in bed 16 (Calcaire Nair des 
Avesnelles of Tnlb age) at St-Hilaire (see Carril & Lys 1970, fig. 3). 

Several samples have been collected from Feluy and from one of 
these: 932/21 (Carril 1959) the following have been recovered. 

Polygnathus communis communis (Branson & Mehl) 
Spathognathodus costatus costatus (E.R. Branson) 
Spathognathodus costatus sulciferus (Branson & Mehl) 
Patrognathus variabilis (Rhodes, Austin & Druce) 
Hindeodella sp. 
Hibbardella sp. 

The Tnlb age of this part of the Feluy section is emphasized by 
Streel (1969). 

Patrognathus is characteristic of the K Zone, Lower Limestone 
Shales, of the Bristol region in Britain and the Spathognathodus 
costatus group is characteristic of the topmost levels of the K Zone 
at Bristol. 

Tournaisian faunas have been recovered from sections exposed in 
the quarries at Yvoir. The succession has been described in detail by 
Conil (1967). A fauna of abundant Polygnathus inornatus inornatus 
E.R. Branson and less abundant Pseudopolygnathus multistriatus Mehl 
& Thomas, Spathognathodus cristulus Youngquist & Miller, Angu
lodus sp., Ozarkodina sp., Euprioniodina sp. and Siphonodella sp. has 
been recovered from unit 20 (Tn2a). Unit 19 (Tn2b) has yielded 
Pseudopolygnathus multistriatus and Polygnathus inornatus inornatus. 
From unit 10 (Tn3a) Spathognathodus crassidentatus (Branson & 
Mehl), Polygnathus communis communis Branson & Mehl, Polygnathus 
communis carinatus Hass, Ligonodina sp., Lonchodina sp. and 
Neoprioniodus sp. have been recovered. 

The succession along the roadside at Salet is continuous and to date 
few of the samples collected have been processed. The succession is 
described by Carril (1967a). From the upper part of the Tournaisian 
(Tn3c) Polygnathus bischoffi Rhodes, Austin & Druce, Gnathodus 
commutatus (Branson & Mehl), Gnathodus antetexanus Rexroad & 
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Scott and Hibbardella sp. have been recovered. The Lower Visean 
(Vla) has yielded Gnathodus semiglaber (Bischoff), Gnathodus typicus 
Cooper, Gnathodus antetexanus Rexroad & Scott, Apatognathus chau
liodus Varker, Ligonodina sp., Lonchodina sp., Neoprioniodus sp., 
Ozarkodina sp., Hibbardella sp., Polygnathus bischoffi Rhodes, Austin 
& Druce, Gnathodus homopunctatus Ziegler, Gnathodus cf. bilineatus 
(Roundy) and Gnathodus girtyi Hass. 

An interesting and important fauna has been recovered from beds 
assigned to the V3c at Tramaka (Pirlet 1964, 1968). The fauna includes 
Adetognathus unicornis (Rexroad & Burton), Adetognathus sp., Apato
gnathus geminus (Hinde), Cavusgnathus sp., Cavusgnathus unicornis 
(Youngquist & Miller), Gnathodus bilineatus (Roundy), Gnathodus 
commutatus (Branson & Mehl), Gnathodus nodosus Bischoff, Gnatho
dus semiglaber (Bischoff), Hindeodella undata (Branson & Mehl), 
Hibbardella sp., Hindeodus sp., Ligonodina sp., Ligonodina levis 
(Branson & Mehl), Neoprioniodus montanaensis (Scott) and Subbryan
todus sp. This is the first record of the genus Adetognathus in Western 
Europe. In North America the characteristic species Adetognathus uni
cornis is found in unit D of the Kinkaid Formation (Rexroad & Burton 
1961). Swann (1963) referred unit D to a new formation - the Grove 
Church Shale Formation. The limits of the Adetognathus unicornis 
Zone in North America are still not fully established. 
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The Position 
of the Mississippian-Pennsylvanian Boundary 

in the Namurian of Belgium 
J. BOUCKAERT1 & A.C. HIGGINS2 

ABSTRACT. 

The sequence of goniatite and conodont faunas from the Namurian of 
Belgium is compared to faunas of similar age in North America. A correlation 
of the early Kinderscoutian with the base of the Pennsylvanian in Arkansas 
and Nevada is indicated. 

RESUME. 

La succession de faunes de goniatites et de conodontes du Namurien de 
la Belgique est comparee avec celle des faunes equivalentes aux Etats-Unis. 11 
s'en suit que le Kinderscoutien inferieur d'Europe occidentale peut etre mis en 
correlation avec la base du Pennsylvanien d'Arkansas et du Nevada. 

I. INTRODUCTION 

Recently (Higgins & Bouckaert 1968), the sequence of conodont 
faunas in the Namurian of Belgium was described and compared with 
faunas of the same age in North America, Western Europe and Japan. 

The faunas exhibit major changes within the Namurian in the 
Chokerian (Hl) Alportian (H2) and Kinderscoutian (Rl) stages involv
ing the appearance of new species and genera and the disappearance 
of many pre-existing ones. 

In this paper these major changes will be discussed and compared 
with the goniatite succession. 

II. COMPARATIVE RANGES OF CONODONTS 

Conodonts of Lower Pennsylvanian age are poorly known. The 
most extensive fauna is from the Dimple Limestone in the Marathon 
region, Texas (Ellison & Graves 1941). 

1 Aardkundige Dienst van Belgie, Jennerstraat 13, 1040 Brussel, Belgie. 

2 Geology Department, The University, St George's Square, Sheffield 1, 
England. 
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The conodonts of the Lower Pennsylvanian are less varied than 
those of the Upper Mississippian and are characterised by three genera, 
ldiognathoides, Jdiognathodus and Streptognathodus. All of the species 
of Idiognathoides found in the lower transition zone of the Dimple 
Limestone also occur in the Namurian of Western Europe. A compari
son of the faunas suggests a correlation of at least the lower part of 
the Dimple Limestone with the highest part of the Namurian. 

All three genera first occur together in the Marsdenian Stage (R2). 
In Belgium only two genera, Idiognathoides and Streptognathodus were 
recorded. Lys, Mauvier & Serre (1962) recorded the occurrence of 
Idiognathodus in the R2b Zone (R. bilingue) in Northern France, and 
it is known to occur in R2a (R. gracile) in Britain. A general correla
tion of the Dimple Limestone with the later Namurian - Westphalian 
is suggested. 

The same general correlation applies to the early Pennsylvanian 
conodonts described by Dunn (1966) from the S.W. United States. 

Uppermost Mississippian and Lower Pennsylvanian conodonts from 
the type Morrowan region in Arkansas have recently been described by 
Lane (1967). The earliest faunas, referred to the Adetognathus unicor
nis Zone, show little similarity to any described faunas in Europe, 
but the presence of species such as Cavusgnathus naviculus, Hibbar
della milleri, Neoprioniodus varians and N. scitulus suggest a late 
Visean - early N amurian age. The next fossiliferous horizon is the 
ldiognathoides aff. I. nodulifera Zone which is separated from the 
preceding one by a considerable time gap. Only a few specimens have 
been described from this zone and of these only Idiognathoides aff. I. 
nodulifera bears any resemblance to European species. It is comparable 
to Gnathodus japonicus and possibly Streptognathodus lateralis and 
therefore the zone correlates broadly with the Alportian (H2) and 
Kinderscoutian (Rl). The succeeding zone, that of Gnathodus bassleri 
symmetricus, contains Idiognathoides corrugata, I. sinuata and I. atte
nuata and therefore correlates broadly with Marsdenian and Yeadonian 
in Europe. 

Recently two new goniatites Retites semiretia and Cymoceras miseri 
have been found in the Cane Hill Member (McCaleb 1964). The genus 
Retites is defined by the distinctive appearance of the suture, which 
serves to differentiate it from several closely similar forms such as 
Reticuloceras. In the genus Reticuloceras septa reach the cadicone 
stage (Bisat 1924). This stage is only known from the type R. reticu
latum which occurs at the top of the Kinderscoutian. But the reticulate 
ornament, the transverse lirae forming a deep ventral sinus, the widely 
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spaced umbilical plication or sub-plications indicate a direct compa
rison with the European form of the Reticuloceras circumplicatile -
paucicrenulatum group (Bisat & Hudson 1941, Bouckaert 1960). 
Therefore, the Cane Hill Member which did not yield conodonts (Lane 
1967), could broadly correlate with the base of the Kinderscoutian. 

In North America, intensive studies in the Upper Mississippi Valley 
by Collinson, Scott & Rexroad (1962) and others resulted in the publi-

. cation of six charts showing the distribution of conodonts in the type 
area of the Upper Mississippian Chesterian and of the Devonian and 
the Lower and Middle Mississippian of the same area. The faunas 
from the Upper Chesterian show some similarity with those of the 
Pendleian and Arnsbergian of Western Europe, although the differences 
are significant. All the genera found in the Upper Chesterian, with 
the exception of Lambdagnathus and Hindeodus, have been recorded 
in the two lowest stages of the Namurian and eleven species including 
Gnathodus bilineatus and Gnathodus girtyi are common to the two 
areas. A general correspondence between the Glen Dean Formation 
conodonts and early Namurian faunas was noted by Higgins (1961) 
and a general correlation between the highest Chester, Grove Church 
Formation (called Kincaid by Rexroad & Burton 1961) and the base 
of the Chokerian Stage was suggested by Collinson, Scott & Rexroad 
(1962) on the basis of the mutual first appearance of Str~ptognathodus. 
Lane (1967) has shown that the Grove Church specimens do not belong 
to the genus Streptognathodus, but the general composition of the 
Grove Church faunas suggests a probable correlation with the late 
Arnsbergian and early Chokerian. 

Rexroad (1958) first noted the presence of a southern fauna! pro
vince, including Oklahoma and Texas, with rather different conodont 
faunas to those mentioned above. These are dominated by species of 
the genus Gnathodus rather than species of Cavusgnathus, which is 
the dominant genus in most of the northern province. The faunas of 
the southern province, notably from Texas (Hass 1953) and from 
Oklahoma (Elias 1956), are closely comparable to early Namurian 
faunas from Europe. Most of the common species in the two areas 
are similar, including Gnathodus bilineatus, Gnathodus girtyi, Gnatho
dus commutatus and Neoprioniodus singularis, and there seems to be 
a close correspondence in age between the upper faunal zone of the 
Barnett Formation of Texas, the Delaware Creek Formation of Okla
homa, and the early Namurian (El and E2) of Western Europe. 

A fauna recently described from Nevada (Dunn 1965) shows 
elements of both fauna! provinces, including Gnathodus bilineatus, 
Gnathodus girtyi and Adetognathus unicornis. The figured specimens 
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of Gnathodus bilineatus appear to be very similar to Gnathodus bili
neatus bollandensis and those of Gnathodus girtyi simplex are closely 
similar to Gnathodus noduliferus which would place this fauna in the 
Chokerian or late Arnsbergian. 

A more complete sequence of conodonts from the late Mississippian 
and early Pennsylvanian rocks of Nevada has recently been described 
(Webster 1969). In this succession the base of the Pennsylvanian is 
marked by the appearance of Streptognathodus noduliferus and ldio
gnathoides convexus. The former species is called Gnathodus noduli
f erus in this paper and in Belgium it first appears as an abundant 
species in the mid-Chokerian Stage. It occurs in association with abun
dant Idiognathoides in the Kinderscoutian Stage, which suggests a 
correlation of the Kinderscoutian with the early Pennsylvanian of 
southern Nevada. 
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III. CONCLUSIONS 

Comparison of the sequence of goniatite and conodont faunas oi 
the Namurian of Belgium with late Mississippian and early Pennsyl
vanian faunas of parts of North America suggests a correlation of the 
Kinderscoutian Stage with the earliest Pennsylvanian. In Belgium the 
conodont faunas of Chokerian, Alportian and Kinderscoutian ages are 
clearly transitional between those of the Arnsbergian and the Marsden
ian, and therefore major breaks in the succession of faunas are not 
seen. A similar transition has recently been described from southern 
Nevada by Webster, from rocks which were dated as late Mississippian -
early Pennsylvanian and comparison of the species ranges with those 
in Belgium suggests that the base of the Pennsylvanian is correlatable 
with the early Kinderscoutian. 
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DISCUSSION 

T. N. George (question) : From the account given by Dr. Bouckaert it 
seems as if the correlation between Europe and North America indicates 
that the boundary between Mississippian and Pennsylvanian falls within the 
Namurian. Would Dr. Bouckaert care to comment on the advisability of 
abandoning the N amurian ? 

J. Bouckaert (reply) : I would not like to comment on such a far-reaching 
conclusion. 

D. Meischner (comment) : Es ist sehr schwierig, amerikanische stratigra
phische Einheiten nach der Literatur in zeitliche Reihenfolge zu bringen, 
ebenso verschieden sind die Auffassungen, was bei Conodonten als taxio
nomische Einheit (Art) behandelt werden kann. Bei aller Vorsicht kann 
man sagen, dass die Grenze Mississippian/Pennsylvanian innerhalb des 
Namurs, iiber Homoceras, vielleicht aber sehr nahe an der Grenze 
Namur/Westfal liegt. 

R. Austin (comment): There is need for caution in interpreting Namur
ian conodonts, as many recent studies have been published and several 
are still in press. There is still no published continuous standard sequence 
of Namurian conodont faunas. 

H. Bode (comment): In the Appalachian basin in the U.S.A. the deepest 
Pennsylvanian coal-bearing layers contain a fossil flora which is the same 
as that which we find in Europe in the lower Namurian (Arnsbergian). 

T. N. George (question) : If in the Appalachians the Pennsylvanian rocks 
descend to horizons of early Namurian age, would Dr. Bouckaert agree 
to the implication that not only was there a widespread unconformity at 
the diachronous Pennsylvanian base, but that there was a lateral passage, 
or a correlation, to be identified between uppermost Mississippian sedi
ments and lowest Pennsylvanian ? 

D. Meischner (further comment): On the other hand, the oldest cono
donts reported from Pennsylvanian rocks are of Reticuloceras or even 
Gastrioceras age, i.e. comparison with conodont faunas accompanying 
these goniatites in Germany. The Chesterian continues considerably into the 
Silesian. Therefore, something must be wrong with the rock/ time relations 
as accepted by American geologists. Judging from the literature, I do not 
believe in great unconformities or stratigraphic gaps. There are good argu
ments supporting Prof. George's idea that the Mississippian/Pennsylvanian 
boundary is highly diachronous, descending in the time scale in a general 
East-West direction in the United States. These problems can, however, 
not be settled in Europe and should be worked out by American workers. 

R. Austin (question) : I agree with Dr. Higgins (1967) that the Pennsyl
vanian/Mississippian boundary of North America is probably equivalent 
to part of the Reticuloceras Zone of Western Europe. Dr. Collinson and 
Mr. Druce have suggested that the conodont faunas of the Glen Dean 
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Formation are similar to those of the Cravenoceras leion Bed of Ireland. 
Have you recovered any "right-sided" Cavusgnathus ? 

J. Bouckaert (reply) : Only Cavusgnathus naviculus was recovered by 
Dr. Higgins at Warnant and Bioul in upper V3c beds (Higgins 1963). 

D. Meise/mer (question) : You have mentioned on your table a new 
subspecies Gnathodus bilineatus bollandensis. I wonder whether this new 
form is the same as G. bilineatu.v schmidti Meischner (in press, C.R. 6th 
Carb. Congress Sheffield 1967). In this case, the form could probably 
serve as an exact time marker since it is restricted to the bisulcatwn-chert 
of the Sauerland. 

J. Bouckaert (reply) : I have been unaware of your subspecies and shall 
be looking forward to its publication. 
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A propos de la limite Westphalien-Stephanien 
et du Stephani en inf erieur 

A. BOUROZ 1 , H. GRAS 2 & R.H. WAGNER 3 

Avec 2 figures dans le texte. 

RESUME. 

Les demiers travaux sur le Stephanien inferieur en France et en Espagne 
ont mis en evidence que !es bassins des Cevennes et de la Cordillere canta
brique contiennent des sequences intermediaires entre le Stephanien A classique 
(se11su Rive-de-Gier a St-Etienne) et le Westphalien D superieur (caracterise 
par le faisceau de Steinbesch en Lorraine). II est aussi etabli que la succession 
en Sarre-Lorraine, au niveau du conglomerat de Holz, contient une lacune 
importante. Ceci rend la succession sarroise et lorraine peu appropriee pour 
servir de stratotype pour le Stephanien inferieur. De meme, le « type • classique 
du Stephanien A a Rive-de-Gier (Loire) s'est revele trop incomplet pour pouvoir 
etre utilise valablement comme stratotype a l'avenir. Des correlations probables 
sont indiquees pour !es formations actuellement connues comme etant les plus 
completes : bassins des Cevennes et de la Cordillere cantabrique, ainsi que 
pour leurs equivalents a St-Etienne, a Carmaux, et en Sarre-Lorraine (fig. 2). 
Ils se basent en partie sur des correlations inter-regionales par des cinerites et, 
d'une part, sur des successions de macroflores et de faunes d'eau douce. 
Cependant, !es auteurs estiment que des investigations de detail dans les divers 
bassins et des etudes sur les flores et faunes reconnues sont encore necessaires 
avant de proposer de nouvelles sub-divisions pour le Stephanien inferieur 
sensu /ato. De meme, ii serait premature de proposer de prendre une decision 
sur la limite Westphalien-Stephanien, qui est forcement liee a la definition de 
!'unite chronostratigraphique la plus basse du Stephanien inferieur sensu lato. 

ABSTRACT. 

Recent investigations on the lower Stephanian (sensu lato) of France and 
Spain have shown the presence of important rock sequences intermediate in 
age between upper Westphalian D (as characterised by the Steinbesch Beds of 

1 Service Geologie-Gisement, Charbonnages de France, 9, Avenue Percier, 
Paris 8•, France. 

2 Service Geologie-Geometrie, Houilleres du Bassin des Cevennes, 30 -
Ales (Gard), France. 

3 Geology Department, The University, St-George's Square, Sheffield 1, 
England. 
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Lorraine) and « type » Stephanian A (sensu Assise de Rive-de-Gier of the St
Etienne (Loire) coalfield). It has also been shown that the upper Westphalian 
and lower Stephanian succession in the Saar-Lorraine basin (Germany/France) 
contains an important stratigraphic gap below the Holz Conglomerate which 
has been traditionally considered as the alternative base of the Stephanian. 
The Assise de Rive-de-Gier in the St-Etienne coalfield is too restricted to serve 
as an adequate stratotype of the Lower Stephanian (sensu stricto), and the 
succession in Saar-Lorraine is too incomplete at the horizon of the Holz 
Conglomerate to be considered either. For the more complete successions in 
the Cantabrian Mountains (Spain) and in the Cevennes (France), a number of 
tentative correlations are proposed in relation with the Saar-Lorraine, St
Etienne and Carmaux coalfields (fig. 2). These are based on the occurrence of 
cineritic horizons in the French coalfields and on the succession of megafloras 
in all the coalfields considered. However, more work needs to be done before 
truly detailed correlations can be established, particularly between the Canta
brian Mountains and the Cevennes. This involves the revision of floras and 
faunas, and the collaboration between specialists in different branches of coal
measure geology and palaeontology. A decision on the eventual subdivision of 
« lower Stephanian » and the recognition of correspondi.ng stratotypes is there
fore postponed, as is the definition of the base of the Stephanian. The latter 
is necessarily linked to the recognition of the basal lower Stephanian chrono
stratigraphic unit. 

I. INTRODUCTION 

De recentes publications proposent, soit de modifier la limite entre 
les etages (ou series) Westphalien et Stephanien en se basant sur la 
succession en apparence continue du Sud-Ouest de la Lorraine (Corsin, 
Corsin & Guerrier 1968 ; Alpern & Liabeuf 1967), soit d'intercaler 
entre le Westphalien D et le Stephanien A, tels que definis dans leur 
localite type, un sous-etage ou etage Cantabrien (Wagner 1966). 

Malgre !'importance des successions cantabriennes, il nous parait 
premature de vouloir definir, des maintenant, les limites des etages en 
question sans une etude comparative approfondie des flores du Canta
brien avec celles des autres bassins et surtom, et nous insistons Ia
dessus, sans avoir fait appel aux autres methodes de correlation strati
graphique notamment les faunes d'eau douce et dans une certaine 
mesure la palynologie. Ces methodes doivent s'aider l'une l'autre car 
chacune d'elles peut tomber en defaut quand on l'emploie isolement 
comme l'ont montre recemment certains travaux : dans le cas de la 
macroflore, les correlations etablies entre les bassins du Nord-Ouest 
de !'Europe par le moyen des cinerites (Bouroz 1967) ont montre 
qu'une partie du Westphalien D etait presente dans le bassin du Pas
de-Calais, ce qui n'avait jamais ete admis jusqu'ici et la revision des 
flores a montre qu'il en etait bien ainsi. Le cas de la palynologie est 
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egalement a discuter : une etude recente, tres importante par les pro
blemes qu'elle souleve (Laveine, dans ce volume), vient de rappeler 
que des spores morphologiquement differentes peuvent provenir de la 
meme plante et, bien plus, que des spores identiques peuvent provenir 
de groupes de plantes tres differents ; ii en resulte que la repartition 
stratigraphique des diverses especes de spores conduit a une echelle 
tres valable par elle-meme mais dont les subdivisions n'ont pas de 
raison de coi:ncider dans le detail avec celles qui sont etablies par 
l'etude des macroflores ; d'autre part l'ambigu'ite d'origine de spores 
morphologiquement identiques ne peut conferer a une echelle de repar
tition sporologique une precision et une finesse aussi grandes que celles 
donnees par les macroflores correspondantes. II apparalt done bien 
que les definitions des limites en stratigraphie doivent s'appuyer sur le 
plus grand nombre possible de disciplines. 

Dans la note actuelle nous ferons !'analyse des donnees stratigra
phiques acquises recemment, en faisant appel aux publications ante
rieures aussi bien qu'a nos experiences personnelles. Celles-ci ont ete 
augmentees notamment par un voyage d'etude fait ensemble dans les 
Cevennes, et d'autres faits par le troisieme auteur sous la direction de 
M. G. Kneuper en Sarre et de M. P. Vetter a St-Etienne et Carmaux (1). 

Nous indiquerons successivement comment les problemes se posent 
dans les bassins de St-Etienne et des Cevennes, dans celui de Sarre
Lorraine, puis nous les comparerons au Cantabrien d'Espagne. La 
situation de ces bassins est indiquee dans la figure 1. 

II. BASSINS DE SAINT-ETIENNE ET DES CEVENNES 

Dans son locus typicus, le Stephanien inferieur ou assise de Rive
de-Gier, comporte une puissante serie conglomeratique (breche de la 
Fouillouse, poudingue de Rive-de-Gier, poudingue mosai:que) a 
niveaux de flores rares, au milieu de laquelle s'insere le faisceau de la 
Peronniere, d'une puissance maximale de 150 metres et comportant 
quatre couches de houille. C'est ce faisceau, reposant sur la breche de 
la Fouillouse et surmonte par le poudingue de Rive-de-Gier qui a 
fourni la plus grande partie de la flore caracteristique de l'etage Stepha
nien A (P. Bertrand 1937). Les exploitations minieres etant fermees 
depuis longtemps, on ne dispose actuellement que des echantillons de 
collection et de ceux que l'on peut trouver dans les rares affleurements 

(1) Ces voyages ont ete realises grace a l'aide du Natural Environment 
Research Council en Grande-Bretagne (N.E.R.C. Grant 3/487) qui a egalement 
finance des recherches recentes dans la Cordillere cantabrique. 
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Position des Bossins Houillero 
ovec Stephonien inrerieur important 

Fig. 1. - Position des bassins houillers en Europe Occidentale qui contiennent 
des sequences importantes de Stephanien inffrieur sensu lato. Pour l'Espagne 
la trace approximative de la limite entre les provinces de Palencia, de Uon 
et d'Oviedo (Asturies) a ete indiquee. Le synclinal de Tejerina est en relation 
avec les terrains d'Ocejo de la Pefia, de Valderrueda/Prado de la Guzpefia, 
et de Guardo-Cervera, representes ensembles dans la figure. Les terrains de 

Barruelo, Redondo et La Pernia sont aussi mis ensemble. 

de la region et dans les anciens terrils. Cependant, les correlations qui 
ont pu etre faites sur la base des niveaux volcaniques communs entre 
divers bassins du Massif-Central (Bouroz 1968) ont permis d'elargir les 
donnees du probleme. En particulier, !'identification du gore vert de 
Grand-Croix dans le bassin de la Loire au gore de la couche Pommier II 
du bassin des Cevennes, permet de mettre en synonymie le faisceau de 
La Peronniere avec celui de la zone 3 du faisceau de St-Jean Moliere 
du Gard. Les flores y sont tres semblables. Notons surtout: Pecopteris 
lamuriana Heer, Pecopteris arborescens (von Schlotheim) et Spheno
phyllum oblongifolium (Germar & Kaulfuss), encore en association 
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avec Sphenophyllum emarginatum Brongniart. Notons encore, a la 
base des deux formations, la presence de Neuropteris ovata var. grand' 
euryi Wagner, c'est-a-dire la variete stephanienne de cette espece qui 
debute au Westphalien superieur. A St-Etienne, la flore de Rive-de-Gier 
se trouve dans le faisceau reposant sur la breche de la Fouillouse, dis
cordante sur le socle, mais dans les Cevennes, la serie se continue vers 
le bas par la zone 2, de Panissiere (300 m d'epaisseur) et la zone 1, de 
Gagnieres (1000 m d'epaisseur). 

La zone 2 comporte la flare suivante, comme nous avons pu le veri
fier recemment sur le terrain : Neuropteris ovata Hoffman var. ovata 
(et transition a la var. grand'euryi), Linopteris neuropteroides (v. Gut
bier) avec ses varietes minor et major Potonie, Pseudomariopteris ribey
roni (Zeiller), Dieksonites pluekeneti (v. Schlotheim), Peeopteris vestita 
Lesquereux (tres abondant), Pee. polymorpha Brongniart, Pee. multi
fureata Wagner, Pee. unita Brongniart, Pee. paleacea Zeiller, Pee. 
monyi Zeiller, Alloiopteris erosa (v. Gutbier), Sphenopteris (Hymeno
phyllites) quadridaetylites v. Gutbier, Sphenophyllwn nageli Grand' 
Eury, Sph. alatifolium Renault, Annularia stellata (v. Schlotheim), An. 
sphenophylloides (Zenker), Lepidodendron cf. seutatum Lesquereux 
(cf. dissitum Sauveur), et de nombreuses Sigillaires cannelees. L'abon
dance de Peeopteris vestita est toujours frappante. II s'agit Ja d'une 
espece premierement decrite en Amerique du Nord et abondante dans 
le Westphalien D de l'Angleterre, qui probablement fait le passage a 
Peeopteris lamuriana, de la partie haute du Stephanieninferieur. A noter 
aussi que c'est dans la partie superieure de la zone 2 des Cevennes que 
Neuropteris ovata evolue de la variete type de l'espece a la var. grand' 
euryi, tres repandue dans le Stephanien (surtout en Espagne). On 
trouve egalement, presque jusqu'au sommet de la zone 2 ou elle 
s'eteint, Estheria eebennensis Grand'Eury, phyllopode qui ne se retrouve 
ailleurs en France que dans le Stephanien inferieur du Dauphine (2). 
C'est dans la zone 2 egalement qu'on voit debuter, vers le tiers infe
rieur de cette formation, Leaia baentsehiana Beyrich. 

Quant a la zone 1 sous-jacente (sterile de Gagnieres), a facies de 
schistes fins ou schisto-greseux, elle ne contient comme plantes que 
des vegetaux flottes : Neuropteris ovata Hoffmann var. ovata, Lino
pteris neuropteroides (v. Gutbier), Peeopteris vestita Lesquereux, Cala
mites eisti Brongniart, Sphenophyllum sp. ; par contre, elle est extreme-

(2) Estheria cebennensis a ete signalee une fois, a la base du Stephanien du 
Jura (G. Lienhardt - 1962 - Gfologie du Bassin houiller stephanien du Jura et 
de ses Marts-Terrains - These d'Etat - Paris). 
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ment riche en faune d'eau douce et contient particulierement de nom
breux niveaux a Estheria cebennensis Grand'Eury et Candona elongata 
Goldenberg, cette derniere espece typiquement stephanienne. On sait 
que les specialistes des Estheridees attachent une tres grande impor
tance a la valeur stratigraphique de ce groupe (3) et !'absence d'Estheria 
cebennensis a la fois en Lorraine, a St-Etienne et dans les autres bassins 
franc;ais, a !'exception du Dauphine et du Jura, nous conduit a inter
preter les 1200 m d'epaisseur des faisceaux de Panissiere et de 
Gagnieres, ou se trouve cette espece, comme representant une serie 
n'existant pas ailleurs en France et s'inserant entre le Stephanien A 
classique (Lorraine, Rive-de-Gier, Carmaux) et le sommet du Westpha
lien D de Lorraine et de la Sarre (faisceau de Steinbesch ou sommet 
des Heiligenwalder Schichten). 

Rappelons d'ailleurs que les faisceaux de Gagnieres et de Panissiere 
avaient ete attribues autrefois par P. Bertrand au Westphalien D 
(zone a « Mixoneura flexuosa ») et qu'ils ont ete replaces dans le Ste
phanien inferieur ulterieurement (Pruvost & Corsin 1949), ce qui 
montre qu'il est parfois difficile d'avoir une opinion nette sur le vu de 
la seule macroflore. II nous semble, quant a nous, que le faisceau de 
Gagnieres doit etre post6rieur a celui de Steinbesch, meme si les 
elements de correlation bases sur la seule macroflore peuvent ne pas 
paraitre suffisants. 

III. BASSIN DE SARRE-LORRAINE 

Le bassin houiller lorrain est, en France, le seul endroit ou de 
puissantes assises westphaliennes soient surmontees par des couches 
appartenant au Stephanien. La limite classique jusqu'ici admise entre 
le Westphalien et le Stephanien est le conglomerat de Holz, materiali
sant une discordance que l'on croyait generale dans !'ensemble sarro
lorrain entre ces deux series ; cependant des sondages recents executes 
dans le Sud-ouest du bassin de Lorraine ont traverse, au niveau du 
Holz, une zone a passages conglomeratiques en apparence continue et 
sans discordance visible. On pouvait done supposer qu'il etait peut
etre possible d'y resoudre le probleme du passage en continuite du 
Westphalien au Stephanien. La flore recueillie dans les sondages a ete 

(3) On a constate, sur les especes actuelles d'Estheries, une possibilite de 
grande diffusion geographique : apres assechement des marecages, les ceufs 
restes attaches aux valves tres legeres de chitine, sont emportes par le vent et 
apres chute dans l'eau, se developpent et arrivent a maturite (renseignement oral 
de Madame Defretin, de la Faculte des Sciences de Lille). 
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determinee par le Professeur Corsin et son analyse floristique a mis 
en evidence des associations correspondant aux trois formations sui
vantes: 
- formation stephanienne debutant vers la fin de la zone conglome-

ratique (cf. Holz) ; 
- faisceau de Steinbesch, en partie conglomeratique a son sommet ; 
- conglomerat de Tritteling ; 
mais les renseignements complementaires ainsi obtenus ne nous parais
sent pas assez convainquants pour admettre que ces trois formations 
constituent une serie ininterrompue ; ils sont certainement insuffisants 
pour servir de base a une modification de la limite classique entre 
Westphalien et Stephanien en Sane-Lorraine. En effet: 

1) La flore du faisceau de Steinbesch et celle du conglomerat de 
Tritteling ( = zone de Faulquemont) presentent de nombreuses especes 
communes, comprenant notamment (d'apres les listes etablies par le 
Professeur Corsin) : Neuropteris seheuehzeri Hoffmann, Alethopteris 
serli Brongniart, Al. lonehitifolia P. Bertrand, Al. friedeli P. Bertrand 
( = Al. ambigua Lesquereux), Callipteridium (Praeeallipteridium) jong
mansi (P. Bertrand), Mariopteris nervosa Brongniart, Mar. rotundata 
Huth, Peeopteris longifolia Brongniart, Pee. peetinata P. Bertrand, Pee. 
folehwillerensis Corsin, Pee. gothani Guthorl ; toutes especes qui ne 
depassent pas le conglomerat de Holz. 

2) La flore des couches situees au-dessus de la zone du conglomerat 
de Holz presente au contraire des c.aracteres tres differents : une 
cinquantaine d'especes connues dans la zone de Faulquemont (ensem
ble Steinbesch et Tritteling) ne se retrouvent pas dans la formation 
d'age stephanienne ; remarquons notamment la disparition des Mario
pteris sensu strieto et des Praeeallipteridium. Enfin, un certain nombre 
d'especes y apparaissent: Odontopteris suberenulata Rost, Alethopteris 
zeilleri Ragot, Callipteridium (Eueallipteridium) pteridium (v. Schlot
heim), Pseudomariopteris ribeyroni (Zeiller), Peeopteris (Nemejeopteris) 
feminaeformis (v. Schlotheim), Pee. rotundifolia Corsin, Pee. wongi 
Corsin, Pee. rarinervosa Corsin, Pee. paleaeea Zeiller, Pee. maeroner
vosa Corsin, et Sphenophyllum oblongifoliwn (Germar & Kaulfuss), 
qui ne sont pas connues dans les formations sous-jacentes. 

11 y a la, sur le vu de la seule macroflore, un ensemble de modifica
tions tellement net qu'on peut se demander s'il n'y a pas une lacune 
stratigraphique importante entre la zone de Faulquemont (faisceau de 
Steinbesch) et l'Ottweiler (Gottelborner Schichten), d'autant plus que 
des les Dilsburger Schichten apparaissent deja des especes a tendance 
Stephanien B (Germer, Kneuper & Wagner 1968). Une lacune tres 
considerable a ete admise en Sarre par les auteurs precites (Germer 

211 



et al.), qui estiment que tout le « Cantabrien » est absent entre le 
conglomerat de Holz et le sommet des Heiligenwalder Schichten. Grace 
a des affleurements nouveaux on a pu verifier que la flore du sommet 
des Heiligenwalder Schichten est identique et meme plus variee que 
celle du faisceau de Steinbesch en Lorraine. Il faut ajouter ici que 
Kneuper (Zoe. cit.) a signale un changement de provenance des galets 
des conglomerats, a partir du conglomerat de Holz, qui par lui seul 
est deja indicatif de la valeur du conglomerat de Holz comme marqueur 
d'un changement de conditions sedimentaires qui separe nettement la 
sequence westphalienne en Sarre-Lorraine de la stephanienne. Enfin, 
il signale egalement que le facies des roches westphaliennes est bien 
different de celui des couches stephaniennes, ce qui prouve !'impor
tance majeure des mouvements autour du bassin (et, en partie, dans 
le bassin meme) qui sont associes a la lacune admise au-dessous du 
conglomerat de Holz. 

L'etude comparative de la flore, faite par Germer et al. (1968), 
indique l'absence de !'equivalent de quelque 2 500 metres de couches 
cantabriennes deposees en Espagne. Enfin, la faune limnique parait 
indiquer egalement qu'il existe une lacune en Sarre-Lorraine corres
pondant au moins aux 1 200 m des faisceaux de Gagnieres et de Panis
siere a Estheria cebennensis Grand'Eury dans les Cevennes. Et c'est 
avec les faisceaux de Saint-Jean et de Lavabreille des Cevennes que 
le Stephanien inferieur de Sarre-Lorraine (Gottelborner Schichten) 
peut etre mis en equivalence ; on y retrouve de part et d'autre Jes 
memes Leaia baentschiana Beyrich, associees a des flores comparables 
qui sont, en general, celles de la zone 4 des Cevennes et de l'assise 
de Lentin a Carmaux. Ajoutons que, meme si la presence de Leaia 
baentschiana a ete signalee dans des couches de position plus OU moins 
comparable en Sarre-Lorraine et aux Cevennes, il faut rappeler egale
ment que ce phyllopode est lie a des facies lacustres speciaux et qu'il 
a ete retrouve en Espagne non seulement dans du Stephanien inferieur 
(couches de Calero a Barruelo) mais aussi dans un Stephanien B 
indubitable (bassin minier de Ciiiera-Matallana). Sa repartition strati
graphique est done assez grande. 

Etant donne que la succession Westphalien superieur-Stephanien 
inferieur en Sarre-Lorraine est coupee par la lacune associee au conglo
merat de Holz, il est evident que cette succession se preterait tres 
difficilement a des tentatives d'en faire un stratotype du Stephanien 
inferieur, tel que certains auteurs l'ont propose recemment. Il serait 
plus adequat de le chercher soit dans les Cevennes, soit dans la Cordil
lere cantabrique, ou le Stephanien inferieur est beaucoup plus complete
ment represente. Nous estimons aussi que la proposition de Alpern & 
Liabeuf (1967) visant a abaisser la limite Westphalien-Stephanien a la 

212 



POSITIONS RELATIVES PROBABLES OU STEPHAN I EN INFERIEUR 
ET OU WESTPHALIEN 0 

1 PALENCIA LEON 
ci:il ~A~RUELO .: 1· ~ ;; Pena c/ldd 

~: .. 
~D1~c1Jro'ance oslurienne 

I 
I~: 
l-!;1 
I "1 
I ~I oo C.alero 
I l;;I (J: ('.umoux /n/.jr1'eurj 
I I 

0 1 I 
-:,1""1 
""I 'I 
~l~I 
~1..,1 
"'I ~1 

Carbonem:s 
(=I: de la ~ronm"ire) 

I <:I 
l~I 
I'll 
l~I 
I 0)1 
I I 
I 
I 

VALDERRUEDA 
PRADO 

~I 
1.JJI 
Q:I IJ 
fl.JI I 
~I I • 
::::01 <=1 -~ 

I ~I~ ~ 
I Q:I ~ 

~I QJI ~ .• 
IJ.JI '{I ·~ 
~1f..:I 
~,<1 

~flacorOa 

if1 'l1 
µ:j UI = i~orr/dnce -

1/5: : -~ - /tanienne ~ 
I I~ l 
I 1-~ 
I I 
I I 
I I 
I I 
I I J-1-_____ _ 
I 

a51 
:::i] 
~I 

~l .D1~cora'ance 

TEJERINA 
OCEJO 

/eom'enne 

CEVENNES LOIRE 

Peronnt'ire 

nrecne 
de la 

rouil/ouse 

Ee he Ill!! 
0 100 200 300m 

SARRE ET 
LORRAINE 

zone 

de 

.D,~s6ury 

wd/i/sch,°ed 

zone 

de 

60/tel/Jorn 

Holz. 

Fig. 2. - Positions relatives probables du Stephanien inferieur (au sens large) 
dans les terrains de Barruelo (Palencia), de Valderrueda/Prado (Leon) et de 
Tejerina/Ocejo (Leon), en Espagne (Cordillere cantabrique), et les bassins des 
Cevennes, de la Loire et de Sane/Lorraine en France (et region limitrophe 
d'Allemagne). Sauf la colonne des Cevennes, l'echelle n'a pas ete respectee, et 
il est a signaler, notamment, que la sequence a Rive-de-Gier (bassin de la 
Loire) est tres etiree, tandis que celle du Cantabrien est comprimee. Les pro
portions dans les memes colonnes ont ete modifiees aussi : notamment dans 
les colonnes correspondantes aux sequences en Espagne, ou le Cantabrien est en 

realite trois fois plus epais que le Stephanien A sensu stricto. 



base de l'epibole des spores monoletes verruqueuses, c'est-a-dire au 
milieu de la zone de St-Avold (faisceau de Laudrefang) est a rejeter. 
D'une part cette proposition venait donner une extension encore plus 
considerable au Stephanien inferieur, avec une restriction concomit
tante sur l'acception traditionnelle du Westphalien D, et d'autre part 
la succession incomplete de la Sarre et de la Lorraine deviendrait 
automatiquement le stratotype du Stephanien inferieur. Ni l'un ni 
l'autre ne nous parait desirable. Recemment, Corsin, Corsin & Guerrier 
(1968) ont propose que la limite Westphalien-Stephanien soit fixee aux 
environs du tonstein 40, c'est-a-dire dans la partie superieure du 
faisceau de Laudrefang. L'argument paleontologique sur lequel s'ap
puient ces auteurs est !'apparition des Pecopteridees cyatheoi:des dans 
la zone de Faulquemont. Cette proposition est essentiellement sem
blable a celle des palynologistes, avec les memes desavantages, et ces 
deux propositions fournissent un exemple tres clair de !'inconvenient 
qu'il y aurait a changer les limites sur la base de criteres paleontolo
giques trop limites. 

IV. CORDILLERE CANTABRIQUE 

Des successions tres completes, a flore abondante et vanee, dans 
la partie sud-orientale de la Cordillere cantabrique (Nord-Guest de 
l'Espagne), ont permis de proposer des equivalences avec celles de la 
France. Commern;ant avec les couches d'Ocejo de la Pena, discor
dantes sur le Carbonifere superieur plus ancien (du Viseen jusqu'au 
Westphalien C), on a recolte des flores qui vont du Westphalien D 
superieur jusqu'au Stephanien A, en passant par une sequence inter
mediaire de quelques 2 500 m qui a ete attribuee provisoirement a un 
etage « Cantabrien » (Wagner 1966, 1969). 

La partie inferieure des couches d'Ocejo, qui affleure pres du village 
d'Ocejo de la Pena, dans le nord-est de Leon, a livre notamment : 
Neuropteris ovata Hoffmann var. ovata, Neur. seheuehzeri Hoffmann, 
Linopteris neuropteroides (v. Gutbier), Lin. neuropteroides var. linearis 
Wagner, Odontopteris reiehiana (v. Gutbier), Callipteridium (Praeealli
pteridium) armasi (Zeiller), Call. jongmansi (P. Bertrand), Alethopteris 
grandinioides Kessler var. grandinioides, Al. grandinioides var. sub
zeilleri Wagner, Al. lesquereuxi Wagner, Al. kanisi Wagner, Mariopteris 
nervosa (Brongniart), Dieksonites pluekeneti (v. Schlotheim), Peeopteris 
polymorpha Brongniart, Pee. unita Brongniart, Pee. raeonensis Nemejc, 
Pee. oeejensis Wagner (espece proche de Pee. arboreseens v. Schlot
heim), Sphenophyllum emarginatum Brongniart. Les especes 0. rei
ehiana, D. pluekeneti, P. polymorpha et P. unita y ressortent comme 
apparaissant pour la premiere fois au niveau du faisceau de Steinbesch 
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(ou partie superieure des Heiligenwalder Schichten) en Sarre-Lorraine. 
Etant donne !'absence des especes exclusivement stephaniennes dans 
cette association, i1 faut attribuer la flore d'Ocejo de la Pefia au West
phalien D sup6rieur. 

A plusieurs centaines de metres plus haut dans la meme formation 
d'Ocejo, on constate la presence d'une flore legerement differente dans 
les affleurements au nord du village de Tejerina (Wagner, Villegas & 
Fonolla 1969). Il y a lieu d'insister notamment sur la premiere appari
tion des especes suivantes : Odontopteris cantabrica Wagner, Aletho
pteris bohemica Franke, Pseudomariopteris ribeyroni (Zeiller), Pecopte
ris monyi Zeiller, Lepidodendron cf. scutatum Lesquereux. C'est surtout 
Al. bohemica qui donne un aspect nettement stephanien a cette asso
ciation, puisqu'il s'agit d'une espece qui semble cantonnee dans le 
Stephanien inferieur et moyen (et, peut-etre, la partie basale du Ste
phanien superieur). Odontopteris cantabrica est une nouvelle espece, 
caracteristique des couches dont nous discutons. Pseudomariopteris 
ribeyroni et Pecopteris monyi sont inconnues dans le Westphalien D 
type de Sarre-Lorraine, mais ont ete signales tres sporadiquement 
dans des couches attribuees au Westphalien D superieur en Angleterre, 
au Canada, et dans l'Afrique du Nord. L'espece citee comme Lepido
dendron cf. scutatum (L. dissitum Sauveur selon Stockmans) est carac
teristique du Stephanien en Espagne. 

Cette flore de la partie haute de la formation conglomeratique 
d'Ocejo a Tejerina ne parait plus attribuable au Westphalien D supe
rieur, parce qu'elle est plus moderne que celle du faisceau de Steinbesch 
(ou Heiligenwalder Schichten) en Sarre-Lorraine. Il s'agirait done d'une 
flore du Stephanien inferieur sensu lato. Cependant, on y trouve aussi 
une espece de Praecallipteridium (c'est-a-dire Call. jongmansi P. Ber
trand) dans un etat de developpement des pinnules intercalees qui 
prouve un stade evolutif peu eloigne du Westphalien D. 

La formation d'Ocejo est terminee par un niveau marin de 45 m qui 
est suivi a son tour par la formation de Tejerina, de facies fluviatile et 
marecageux. Cette formation a livre une flore abondante (Wagner, 
Villegas & Fonolla 1969) qui montre !'apparition de Mixoneura ray
mondi (Zeiller), notamment. 

La correlation en detail entre la sequence de plus de 1000 m a 
Tejerina et celle de la region de Valderrueda et de Prado de la Guzpefia, 
plus au sud, n'est pas encore faite. Cependant, nous connaissons la des 
sequences paraliques a £lores generalement plus jeunes que celles de 
Tejerina. Ce pays minier se continue vers l'est par la region miniere 
de Guardo-Cervera, dans la province de Palencia. A peu pres 30 km a 
l'est encore de Cervera de Pisuerga, dans le bassin minier de Barruelo 
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(Palencia), la serie se complete avec les 2600 m de couches marines et 
paraliques qui se trouvent la dans le flanc inverse d'un synclinal iso
clinal (Wagner & Winkler Prins, dans ce volume). La partie superieure 
de cette sequence contient trois faisceaux de couches de charbon, 
nommes Pefiacorba, Carboneros et Calero. 

Les couches de Pefiacorba donnent une flare comparable a celle de 
Prado de la Guzpefia, le faisceau le plus moderne de la region de Val
derrueda/Prado. On constate a ce niveau la premiere apparition de 
Sphenophyllum oblongifolium (Germar & Kaulfuss), ainsi que, pour 
l'Espagne, la derniere presence de Neuropteris scheuchzeri Hoffmann. 
On y trouve aussi la variete grand'euryi de l'espece Neuropteris ovata: 
on a done, a ce niveau, le passage de la variete type a cette variete 
caracteristique du Stephanien. Signalons egalement la presence de 
Callipteridium jongmansi (P. Bertrand) et de Callipteridium striatum 
Wagner, terme de passage entre Praecallipteridium et Eucallipteridium. 
De plus on y trouve les especes stephaniennes suivantes : Odontopteris 
minor-zeilleri Potonie, Alethopteris barruelensis Wagner, Sphenopteris 
rotundiloba Nemejc, Sphen. elaverica (Zeiller), Pecopteris multifurcata 
Wagner, Sphenophyllum alatifoliwn Renault. 

Le faisceau des Carboneros montre l'achevement definitif du stade 
evolutif d'Eucallipteridium du genre Callipteridiwn, une assez grande 
frequence de Pecopteris arborescens (v. Schlotheim), et !'absence de 
Neuropteris scheuchzeri Hoffmann, espece encore presente a Pefiacorba 
et a Prado de la Guzpefia. On y trouve egalement la premiere appari
tion de Pecopteris (Nemejcopteris) feminaeformis (von Schlotheim), 
une espece stephanienne tres caracteristique. 

Le faiscyau de Calero y ajoute Alethopteris zeilleri Ragot, Alethopteris 
magna Grand'Eury. L'espece tres typiquement stephanienne, Al. zeilleri, 
est issue de l'espece westphalienne Al. grandinioides par voie de la 
variete subzeilleri qui commence a se developper dans le Westphalien D 
superieur d'Ocejo de la Pefia et qui est assez frequente dans le terrain 
houiller de Valderrueda. On trouve deja des echantillons appeles 
zeilleri a Valderrueda, mais le passage n'est vraiment acheve qu'au 
niveau des couches de Calero a Barruelo. Pour les couches de Calero 
signalons egalement une grande abondance de Pecopteris lamuriana 
Heer, une espece qui s'est deja montree avec son terme de passage de 
Pecopteris vestita Lesquereux dans une seule localite de Valderrueda, 
mais qui est excessivement rare avant la flore de Calero. La flore du 
faisceau de Calero est tres semblable a celle du faisceau de Lentin a 
Carmaux, en France. II est probable que le faisceau des Carboneros 
soit plus OU mains du meme age que le faisceau de la Peronniere de 
l'assise de Rive-de-Gier, le type classique du Stephanien A (P. Bertrand 
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1937). Cette correlation n'est pas encore bien etablie, etant donnee la 
pauvrete des flores de Rive-de-Gier. 

Meme si les flores des diverses « zones » (formations) reconnues 
clans les Cevennes sont moins riches que celles trouvees clans la Cordil
lere cantabrique, on peut proposer des equivalences. II parait probable 
que la zone 2 (Panissiere) des Cevennes soit legerement plus ancienne 
que le faisceau de Peiiacorba (et celui de Prado de la Guzpeiia) du 
« Cantabrien superieur » de Barruelo (et de Valderrueda). Dans la 
partie superieure de la zone 2 on trouve des indications du passage de 
la variete type de Neuropteris ovata a la variete grand'euryi, tandis que 
ce passage a ete fait au niveau de Peiiacorba. II est done probable que 
l'equivalent de la zone 2 des Cevennes soit represente clans la succession 
des couches paraliques a Valderrueda. Si nous attribuons la zone 2 des 
Cevennes au Cantabrien moyen et, peut-etre, base du superieur, il 
devient probable que la zone 1 appartient au Cantabrien inferieur a 
moyen. Malheureusement, il y a tres peu de flore connue de la zone 1 
des Cevennes, et on ne peut pas savoir si une plus ou moins grande 
partie du Cantabrien inferieur y est representee. Plus haut dans la 
succession des Cevennes, clans la zone 4 (Lavabreille), on a signale 
une abondance de Pecopteris lamuriana qui le met en equivalence avec 
le faisceau de Calero a Barruelo. 

II faut encore ajouter que la partie inferieure de la sequence « canta
brienne » a Barruelo est incomplete a cause d'une lacune stratigra
phique due a la phase leonienne. Cette lacune devient de moins en 
moins importante vers le nord dans la province de Palencia, ou on voit 
une puissante serie marine et paralique s'intercaler a la base. Des 
correlations en cours indiquent que la province de Palencia contient 
tres vraisemblablement toute une succession de quelque 4 700 m de 
couches marines et paraliques, commen~ant avec le Westphalien D 
superieur et se terminant avec le Stephanien A (sensu stricto) de Calero 
et Carboneros, a Barruelo. Les couches du « Cantabrien » y seraient 
d'une epaisseur de 2500 m environ. Toute cette succession est beaucoup 
plus marine que les couches d'age equivalente a Tejerina et a Val
derrueda/Prado qui ont un facies paralique plus largement continental. 

V. CONCLUSIONS 

1) L'assise de Rive-de-Gier a ete choisie comme stratotype du Ste
phanien A a la suite des travaux sur le Stephanien de Grand'Eury 
(1877, 1890), de Zeiller (1888, 1890, 1906) et de P. Bertrand (1918, 
1922, 1937). La minceur de sa fraction productive et fossilifere 
(faisceau de la Peronniere), ainsi que sa relative pauvrete en nombre 
d'especes vegetales ne permet plus de le considerer actuellement comme 
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une bonne base de comparaison, d'autant plus que les travaux miniers 
sont fermes depuis longtemps et qu'il n'existe plus que quelques affleu
rements fossiliferes, notamment dans la breche de la Fouillouse et le 
poudingue de Rive-de-Gier. 

2) Le Stephanien inferieur sensu lato est beaucoup plus developpe, 
a la fois dans le bassin des Cevennes et dans la Cordillere cantabrique 
(le faisceau de la Peronniere ne se met en correlation qu'avec une 
fraction seulement de ces deux successions). La division en unites 
chronostratigraphiques formelles de ce Stephanien inferieur au sens 
large ne pourra done etre entreprise et les nouveaux stratotypes corres
pondants definis qu'a la lumiere des sequences en cours d'etude dans 
les deux bassins precites. 

3) Dans l'etat actuel de la question et en attendant les resultats de 
ces etudes exhaustives dans toutes les disciplines (cette question d'etudes 
pluridisciplinaires est tres importante car la methode biostratigraphique 
pure se prete a des opinions divergentes selon les specialistes et les 
groupes de fossiles utilises), ii ne nous paralt pas souhaitable de vouloir 
preciser des maintenant la limite Stephanien-Westphalien, car on risque
rait d'etre oblige de revenir sur des decisions prises prematurement. 

Ce rapport n'a pour but que de marquer les progres realises sur la 
question du Stephanien inferieur et de fournir une mise au point des 
donnees actuelles, rassemblees par le groupe de travail sur le Stepha
nien qui a ete cree au sein de la sous-commission de stratigraphie du 
Carbonifere. 11 est evident que de grands progres sont encore a realiser, 
et nous faisons appel a tous nos collegues pouvant contribuer a la 
solution des problemes souleves, de bien vouloir s'associer a notre 
tache, car la cooperation internationale est indispensable pour la solu
tion des problemes de chronostratigraphie. 
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ZEILLER, R. (1906) : Bassin houiller et permien de Blanzy et du Creusot. II. Flore 
fossile. Etudes Gites mineraux France : l-265, pis I-LI. 

DISCUSSION 

T. N. George : read section 4 of the Report of the Subcommission 
meeting in Sheffield 1967 (dealing with the Westphalian-Stephanian boun
dary) - C.R. 6' Congres Carboni/ere, I, p. xliii. 

4. The Stcphanian-Wcstphalian boundary: 

In the discussion of the nature and position of the base of the Stephanian, 
it appeared that characteristic macrofloras or selected elements of macro
floras have often been regarded conceptually as marking the lower Stephan
ian, and the Assise de Rive-de-Gier, at Saint-Etienne, as providing the 
stratotype. The Assise de Rive-de-Gier, however, has an unconformable 
diachronous base, and cannot be related to defined Westphalian rocks 
beneath ; it contains inadequately known, probably restricted fossil assem
blages in a thin sequence of strata ; and increasingly it has proved unsuitable 
as a stratotype. In practice, alternative " Lower Stephanian " sequences 
have been accepted for reference in the coalfield of Carmaux and in Saar
Lorraine where Upper Westphalian and Stephanian rocks occur in sequence. 
Hitherto the local base of the Saar-Lorraine Stephanian has been arbitrarily 
placed at the Holz Conglomerate, a lithological marker useful over most 
of the coalfield but defective and diminishing in importance in the western 
part of the area where an apparently continuous sequence of Westphalian 
and Stephanian rocks is found. Recent palynological work in Lorraine 
emphasizes the unsuitability of the Holz Conglomerate as a definitive 
junction of Westphalian and Stephanian in suggesting that an assemblage 
of monolete spores of Stephanian aspect enters at a horizon, below the 
Conglomerate, approximately coinciding with Tonstein 60 (which separates 
spore zones W1 and W2 of Alpern, Lachkar & Liabeuf). Tonstein 60 lies in 
the Zone de St. Avold, about midway in the Assise de La Houve - that 
is, in mid-Westphalian D as hitherto understood. At a slightly higher level, 
in the Zone de Faulquemont, and particularly in the Faisceau de Steinbesch, 
the incoming of numerous pecopterids has been recorded by P. Corsin 
(Etudes Gltes Mineraux de la France, 1951). These fossil suites of Stephan-
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ian aspect are widely recognised in Europe, and have been encountered 
as far afield as China to the east and Illinois to the west. 

On the proposal of B. Alpern, supported by A Bouroz, the Subcommis
sion agreed to recommend that : 

a) the Stephanian base be defined at Tonstein 60 (coincident with the 
W1 -W2 spore zone boundary) in the Lorraine sequence; 

b) in consequence the stratotypic locus for the basal part of the Stephan
ian be designated as Lorraine ; 

c) as the lowering of the specified base of the Stephanian from the 
horizon of the Holz Conglomerate down to Tonstein 60 is an encroachment 
onto the upper part of what hitherto has been called " Westphalian D ", 
consideration should be given to a contingently modified nomenclature of 
the Westphalian divisions ; 

d) as the lowering of the specified base gives the lower part of the 
Stephanian an expanded range not commensurate with the former " Ste
phanian A " or the Assise de Rive-decGier at St. Etienne, consideration 
should be given to the need for a revised nomenclature, the rocks being 
called for the time being merely " the lower part/ division of the Stephan
i an". 

B. Alpern : M. Bouroz deduit du fait que la palynologie n'est que mor
phographique une certaine incapacite a saisir !'evolution. Je voudrais dire 
ici que toute la paleontologie est morphographique par obligation, seule 
l'espece neontologique peut etre basee sur l'interfecondite qui definit le 
« gamodeme », unite specifique cette fois objective. Si plusieurs especes 
paleobotaniques peuvent ne donner qu'une seule forme de spore, comme 
M. Laveine para!t l'avoir etabli, c'est que le nombre de caracteres est 
beaucoup plus grand au niveau du sporophyte .que du gametophyte. On 
conna!t par contre aussi des cas ou une meme plante produit des types 
morphographiques differents de spores. Tout ceci parait aller a l'encontre 
de la palynologie qui conna!t pourtant de grands succes dans le domaine 
de la stratigraphie et des correlations. En effet on trouve des spores de 
familles de plantes dont les macrorestes n'ont pas ete conserves et Chaloner 
cite au Devonien 16 genres de megaspores alors qu'il n'y a que 4 plantes 
heterosporees connues. En outre les spores font le lien entre le domaine 
continental et le domaine marin. Enfin en sporologie beaucoup d'especes 
ont une valeur internationale et sont reconnues et utilisees dans le monde 
entier avec le meme nom (role de la CIMP), ceci est mains vrai en paleo
botanique ou l'unite est mains grande entre les chercheurs. 

A. Bouroz (reply) : Ce que M. Laveine a rappele (et non pas « parait 
avoir etabli », comme le dit M. Alpern, car ces observations ont ete deja 
signalees depuis longtemps), c'est qu'une meme forme de spore peut prove
nir de differentes especes de plantes et qu'inversement une meme plante 
peut donner des spores de forme differente (ce qui pourrait expliquer la 
constante concomitance de certaines especes de spore). II en resulte a 
!'evidence qu'une echelle stratigraphique basee sur la macroflore sera plus 
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fine, plus precise, que celle qui s'appuie sur les spores. Ceia n'enleve d'ailleurs 
rien a la commodite d'emploi des echelles de repartition sporologique qui 
gardent leur valeur, mais il faut en reconna1tre les defauts et surtout ne pas 
vouloir changer une limite stratigraphique importante sur les resultats d'une 
seule discipline, surtout quand la question n'est pas encore mure. En effet, 
la proposition faite par M. Alpern a Sheffield ne repond plus a l'etat des 
connaissances acquises depuis cette date sur le Stephanien inferieur sensu 
lato, notamment dans les bassins du sud de la France par M. H. Gras et 
moi-meme et du nord-ouest de l'Espagne par M. R.H. Wagner, et que 
j'ai expose ici au nom de mes collegues et en mon nom. 11 semble done qu'il 
serait preferable de surseoir a toute nouvelle definition de la limite West
phalian-Stephanien jusqu'a nouvel ordre, en attendant l'avancement et les 
resultats des travaux en cours. 

H. Bode (question) : The authors of the report would put the Cantabrian 
into the gap which we have in Saar/Lorraine between the Steinbesch 
Formation and the Holz Conglomerate. If they do so, the question arises 
of how to define the limit between - (a) Westphalian D (Faisceau de 
Steinbesch) and the Cantabrian, and - (b) Cantabrian and Stephanian A, 
if the Holz Conglomerate is no longer regarded as the Westphalian/ Stephan
ian boundary. We could then have a new Westphalian D and Stephanian 
A which would differ from the old ones. On the other hand, the Westphal
ian D is defined by P. Bertrand as the «zone of Neuropteris ovata ». If 
we follow this definition, we must put the lower part of the Rive-de-Gier 
beds in the Westphalian D, as it contains Neuropteris ovata. Then the 
Cantabrian would be the same as the Westphalian D and the introduction 
of the Cantabrian would represent no progress but a complication. 

A. Bouroz (reply): En ce qui concerne le Westphalien D, si l'on peut 
admettre que !'apparition de Neuropteris ovata caracterise le debut de ce 
sous-etage, il ne peut etre question de le caracteriser en totalite par cette 
unique plante dont !'extension est tres variable suivant les bassins. D'autre 
part, les correlations etablies entre l'assise de Rive-de-Gier a St. Etienne 
et le Stephanien inferieur des Cevennes, montrent que dans les Cevennes il y 
a pres de 2.000 m de terrains qui sont plus anciens que le Stephanien A 
sensu stricto (assise de Rive-de-Gier) ; ces 2.000 m de terrain presentent 
une flare analogue a celle du Cantabrien espagnol (Cordillere cantabrique) 
et differente du Westphalien D classique. La flare du Stephanien inferieur 
de Lorraine etant equivalente a celle de Rive-de-Gier OU meme des couches 
plus modernes (Carmaux), il en resulte qu'il existe une lacune en Lorraine, 
correspondant au Stephanien inferieur (partie inferieure) des Cevennes et 
au Cantabrien de la Cordillere cantabrique. 

R. H. Wagner (reply) : The limit between Westphalian D and « Canta
brian » will have to be the lower limit of the Cantabrian in its type section. 
Obviously, this cannot be defined in the Saar/Lorraine area, where beds 
of Cantabrian age are absent. The matter of the « Cantabrian »-Stephan
ian A boundary may become relevant when it is decided how many chrono
stratigraphic units can be usefully defined within the lower Stephanian 
interval comprised by Cantabrian and Stephanian A. Probably, Stephanian A 
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as hitherto known will be quite markedly changed (i.e. expanded) and the 
upper Cantabrian will then have to be changed in consequence. With regard 
to the «zone of Neuropteris ovata >>, it should be noted that P. Bertrand 
did not link this zone exclusively to N europteris ovata, but regarded it, 
in fact, as an assemblage zone. This zone was covered by the Assise de la 
Houve in Lorraine. However, if Dr. Bode thinks of the zone of Neuropteris 
ovata as being defined by this species only, its usefulness is debatable, since 
this species has a diachronous top occurrence in different parts of the 
world. 

J.P. Laveine (reply to H. Bode) : Neuropteris ovata debute dans le 
sommet du Westphalien C tel qu'il est jusqu'ici compris. D'autre part, le 
Professeur Remy a deja signale qu'on le rencontrait encore dans l'Autunien. 
Aussi le probleme est de savoir quels sont les criteres qui seront m'.:; en 
avant pour la definition du Westphalien D. 

M.A. Calver (question) : Could the President of the Subcommission 
please state the terms of reference of the working party headed by Dr. 
Bouroz? 

T. N. George (reply) : read the following section of the Report of the 
Subcommission on Carboniferous Stratigraphy of the meeting in Sheffield 
1967 (section 5). - C.R. 6' Congres Carboni/ere, I, pp. xliii-xliv. 

5. The lower Stephanian rocks in N. W. Spain : 

Awareness has grown during recent years of the great thickness and 
variety of rocks ranging from (former) upper Westphalian D to Stephanian 
A, including an intermediate group of strata younger than Westphalian D 
(as hitherto known from Saar-Lorraine) and older than Stephanian A (as 
known from the St. Etienne and Carmaux coalfields). The group may be 
some 2000 to 3000 m thick, and can probably be subdivided into three 
units characterized by floral assemblages. To accommodate the group, 
R.H. Wagner, in the Subcommission meeting of Sheffield 1965, proposed 
a " Cantabrian" Stage (or sub-stage). An abundantly fossiliferous, perma
nently exposed suitable stratotype for the lower part of this proposed 
Cantabrian Stage has been described by Wagner, Villegas & Fonolla, and 
studies on higher parts are in progress. A renewed proposal was put by 
Wagner for the recognition of the " Cantabrian " Stage by the Sub
commission. 

The Subcommission recognized the weight of the Spanish evidence in 
any reassessment of Stephanian classification. The Cantabrian rocks, 
however, equate in part with " lower Stephanian " (see 4d). An intro
duction of a new stage name (and the propriety of the name) would clearly 
bear directly on the meaning and continued use of " Stephanian A " (and 
contingently of "Westphalian D ", and cannot well be sustained in isola
tion. The Subcommission therefore referred the nomenclature of the 
divisions of the Stephanian to a working party, under the chairmanship of 
Dr. A. Bouroz, for consideration and report. 

B. Alpern (question) : Je voudrais avoir quelques eclaircissements sur des 
apparentes contradictions que j'ai cru relever dans l'expose de M. Bouroz. 
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Tout d'abord les auteurs semblent opposer M. Corsin a lui-meme puisqu'ils 
deduisent des listes etablies par cet auteur que le changement est plus 
considerable au niveau du Holz qu'ailleurs alors que M. Corsin, au 
contraire, a publie qu'il etait d'accord pour adopter une limite plus basse, 
proche du tonstein 40 (et peu floignee de la limite palynologique). D'autre 
part ne pensez-vous pas que les changements considerables releves par 
M. Vetter au niveau du Holz conduisent justement a refuser ce niveau 
comme limite stratigraphique ? Une bonne limite d'etage doit etre choisie 
dans une serie «sans discontinuite, ni lacune ». Dans ce cas les change
ments paleontologiques ne peuvent etre que faibles et normaux et non 
massifs et anormaux. Enfin M. Bouroz est en contradiction avec lui-meme 
(position Sheffield 1967) et avec les geologues lorrains qui admettent une 
coupe continue dans la partie extreme occidentale du bassin sarro-lorrain. 
Nous pouvons informer la Commission a ce propos que la these de 
M. Choffe a permis d'etablir que la coupe sarroise presentait environ un 
deficit de 450 m de terrains par rapport a la serie lorraine occidentale 
(absence totale de la zone palynologique SLl l). C'est sur la base des decla
rations des gfologues lorrains que nous avons admis et que nous admettons 
toujours le fait que la serie etait continue, mais nous n'avons sur ce point 
aucune responsabilite personnelle. 

A. Bouroz (reply) : La question de M. Alpern sous la forme ou elle est 
posee, me parait surprenante car il faut bien tout de meme admettre que 
tout progres dans !'acquisition des connaissances conduit a reviser les 
positions adoptees anterieurement, sinon, ou seraient les possibilites de 
progres. En ce qui concerne les listes etablies par M. Corsin et en utilisant 
des donnees complementaires reunies en Sarre et en Lorraine, i1 demeure 
incontestable que le changement majeur de flore se produit au niveau de 
Holz et nous l'avons explique dans notre texte. I1 n'a jamais ete question, 
pour nous, de considerer le conglomerat de Holz comme une bonne limite 
stratigraphique et de demander a le maintenir comme tel, comme semble 
le suggerer l'ambigulte de cette partie de la question de M. Alpern, et nous 
sommes bien d'accord sur le fait qu'une bonne limite d'etage doit etre 
choisie dans une serie sans « discontinuite ni lacune "· Et c'est bien pour 
cela que nous nous refusons a admettre que la limite Westphalien-Stepha
nien puisse etre choisie en Lorraine car nous avons etabli sur la base 
de !'evolution des formes de la macroflore et sur la repartition des faunes 
limniques, que malgre une apparente continuite lithologique dans le 
sud-ouest de la Lorraine (coupee d'ailleurs par un certain nombre de 
conglomerats), il existe une lacune entre le Steinbesch et la zone de Gottel
born qui correspond au temps de depot de 1.500 a 3.000 m de sediments, 
soit dans les Cevennes, soit dans la Cordillere cantabrique. Quant a la 
contradiction dans laquelle je me suis mis avec ma position de 1967, elle 
provient sans doute de ce que j'ai cru pouvoir attacher a cette epoque une 
certaine valeur a une discipline dont il a ete rappele depuis, qu'elle n'etait 
pas aussi fine qu'on pouvait le croire, ce qui m'a amene a reconnaitre le 
danger qu'il y a a ne vouloir s'appuyer que sur cette discipline (perseverare 
diabolicum). 
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P. Vetter (in reply to B. Alpern) : Sur les listes etablies d'apres les deter
minations faites par M. le Professeur Corsin, sur le materiel paleontologique 
recueilli dans les sondages fores dans le bassin de Lorraine, je me suis 
livre a un petit calcul statistique sur Jes trois formations : Stephanien, 
Steinbesch et Tritteling. En dehors d'un certain nombre d'especes communes 
aux trois faisceaux, je constate un changem.ent considerable dans la compo
sition de la flore dans Jes series situees au-dessus du conglomerat de Holz : 
apparition d'une trentaine d'especes et « disparition » d'une cinquantaine 
d'especes des faisceaux de Tritteling et de Steinbesch. 

J.P. Laveine (question to P. Vetter) : Avez-vous fait une etude critique 
des especes que vous relevez dans Jes environs du conglomerat de Holz ? 

P. Vetter (reply) : Non, ii n'y a pas encore eu d'etude critique ; cette 
etude reste a faire. 

R.H. Wagner (in reply to B. Alpern): A Westphalian/Stephanian boun
dary in Saar/Lorraine below the Steinbesch Formation would entail the 
inconvenience that the first chronostratigraphic unit of the Stephanian 
would have the stratigraphic gap associated with the Holz Conglomerate 
as its upper limit. 

B. Alpern : J'accepte de differer la mise en application de ma proposition 
jusqu'a ce que les autres disciplines se soient clairement prononcees. Cette 
proposition reste cependant maintenue car rien sur le plan palynologique 
n'est jusqu'a present venu la contredire. Ceci n'est pas vrai sur le plan 
paleobotanique ou on oppose certaines listes a d'autres listes ni sur le plan 
lithologique ou M. Bouroz admet maintenant une lacune dans une scrie 
presentee comme continue en 1967 et OU le Tonstein 60 se revele etre un 
choix contestable du fait de sa rarete et de sa faible extension laterale. Je 
continue de penser que, sur la base des donnees de terrain, etablies par 
MM. Guerrier et Merri, ii y a continuite dans les coupes de l'ouest du 
bassin (sondages La Houve 1 et 2). 

T. N. George : formally proposed to withdraw the 1967 proposal on 
lowering the base of the Stephanian. 

M. Boersma (question) : If neither the Holz Conglomerate, nor Tonstein 
60, nor Tonstein 40 are suitable marker horizons between Stephanian A and 
Westphalian D, what is proposed to be done if no good marker horizon is 
found either in the Cevennes or in Northwest Spain, based on micro- and 
macro-palaeobotanical evidence ? 

225 





Microfossiles vegetaux du Tournaisien inf erieur 
dans le «core-drill » de Brevillers 

(Pas-de-Calais, France) 

A. COMBAZ 1 & M. STREEL 2 

Avec 1 figure hors-texte et planches 3-6. 

RESUME. 

31 especes de spores et 9 especes d'Acritarches sont identifiees et indiquent 
un age Tournaisien inferieur. Les variations quantitatives des principales d'entre 
elles sont etudiees sur un carottage de 6 metres de puissance. Le caractere 
partiellement remanie des assemblages est deduit de sa comparaison avec la 
succession des assemblages de spores dans le bassin de Dinant. 

ABSTRACT. 

31 Species of spores and 9 species of acritarchs are identified. They indicate 
a Lower Tournaisian age. The quantitative variations of most of the species 
are studied withtin a 6 m length of core. The partially reworked aspect of these 
assemblages is deduced from a comparison with the succession of spore 
assemblages from the Dinant basin. 

I. GENERALITES 

En 1961-1962 la Compagnie Frarn;aise des Petroles (Normandie) 
effectuait une campagne de sondages a faible profondeur dans l'Artois 
et le Cambraisis dans le but de reconnaitre le toit du Paleozoi:que. 

L'un de ces sondages etait fore en janvier 1962 a Brevillers (Pas
de-Calais) dans le « permis de Montreuil» jusqu'a une profondeur de 
226 m. (Coordonnees: x = 578.345, y = 294.168, z = 127.80 m). 

On peut resumer les formations traversees de la fa<;on suivante : 
0- 6 m : Argile plastique brune a silex - Recent 
6-124 m: Craie blanche a grise, + argileuse - Turonien 

1 Compagnie Franc,:aise des Petroles (Total), Direction Exploration, 20, 
rue Jean Jaures, 92-Putaux, France. 

2 Laboratoire de Paleontologie vegetale, Universite de Liege, Place du 
Vingt-Aout, 7 - Liege, Belgique. 
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124-180 m : Craie et marne grises - Glauconite 
180-185 m: Argile plastique grise, glauconieuse 
185-205 m: Calcaire cristallin -+- oolithique et 

marne, noirs - Calcaire organogene 
gris brun a oolithes et debris orga-
niques ferrugineux 

205-226 m : Calcaire gris noir cristallin, 
calcaire a entroques et alternances 
d'argiles noires, de calcaire cristallin 
et de calcaire a Entroques et 
lumachelliques 

- Cenomanien 
- Gault 
- Tournaisien 

inferieur 

- Tournaisien 
inferieur 

La partie comprise entre 220 et 226 m. a ete carottee et son etude 
en macro- et micro-paleontologie a ete conduite par Madame Arnould
Saget et Mademoiselle M. C. Deny. 

De nombreuses epines de Productus ont ete observees a cote d'une 
grande abondance d'articles de Crino'ides. En outre, des Brachiopodes : 
Schellwienella, Chonetes, Camarotoechia letiensis sont signales avec 
des Lamellibranches : Aviculidae, Taxodontes ?, des Fenestelles, des 
Girvanelles, des Endothyra, des Bryozoaires et d'abondants debris 
d'Echinodermes. Des Ostracodes, dont le genre Primitia, sont egalement 
presents, ainsi que de rares Conodontes. 

Les microfacies observes evoquent ceux de l' Assise d'Hastiere 
(Tournaisien inferieur). 

En palynologie les populations observees rassemblent de nombreuses 
spores et des fragments de tissus vegetaux, des Acritarches et de rares 
Scolecodontes. Dans !'ensemble, l'etat de conservation n'est pas excel
lent, mais cependant meilleur que dans la plupart des autres core-drills 
effectues dans cette region. 

II. ETUDES DES MICROFOSSILES ORGANIQUES 

A. Spores 

1. CARACTERES GENERAUX 

Elles sont tres largement dominantes et notamment bien repre
sentees par les formes appartenant a Hymenozonotriletes lepidophytus 
Kedo et aux genres Raistrickia, Ancyrospora - Hystricosporites, Dic
tyotriletes - Corbulispora - Knoxisporites. 

En plus des especes decrites plus loin, nous avons observe : Retuso
triletes punctatus Tchibrikova, R. incohatus Sullivan, R. planus Dolby 
& Neves, Lophozonotriletes rarituberculatus Kedo, Verrucosisporites 
nitidus Playford et divers Punctatisporites et Leiotriletes. 
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11 faut noter ici !'importance des ornementations constituees par de 
grossieres excroissances telles qu'appendices longs, epais, plus OU mains 
fourchus, cretes et verrucosites plus OU mains epaisses et difformes 
(voir Raistrickia variabilis). 

Ce caractere general qui affecte une fraction importante de la «micro
flore » (Raistrickia, Hystricosporites, Ancyrospora, Lophozanotriletes 
malevkensis,' etc ... ) parait assez caracteristique du Devonien terminal 
et du debut du Carbonifere. 

Nous avons observe cette tendance a l'hypertrophie et a la difformite 
de l'ornementation notamment chez des populations contemporaines 
du Sahara occidental et oriental et de Libye (Fezzan & Djeffara). 

11 semble egalement que ce pMnomene soit observable au Canada 
(D. C. McGregor & B. Owens 1966). 

Les figures 3 a 9, Pl. 4, montrent bien la difformite et le caractere 
quasi-teratologique de certains ornements en comparaison avec la 
moyenne de la population concernee. 

2. ETUDE DESCRIPTIVE 

Infraturma APICULATI (Bennie & Kidston 1886) R. Pot. 1956 
Subinfraturma VERRUCATI Dyb. & Jach. 1957 

Genre SCHOPFITES Kosanke 1950 
? Schopfites sp. 

Pl. 3, fig. 3 
Description : Spores radiales, triletes, a contour subcirculaire. 

Marque triradiee droite, egale a la moitie du rayon de la spore. Exine 
microgranulee portant une ornementation irregulierement distribuee 
de verrucae, bacula et pila de 2 µde haut, de 1-2 µde large. Ornements 
plus ou mains <lenses sur les 2/3 environ de la surface de la spore, 
rares ou absents ailleurs. Mensurations (I) : 52-56 µ 

Distribution stratigraphique (2) : Tnl. 

Subinfraturma NODATI Dyb. & Jach. 1957 
Genre ACANTHOTRILETES (Naumova) Pot. & Kr. 1954 

Acanthotriletes famenensis Naumova 1953 
Pl. 3, fig. 4 

(1) Le plus souvent, il s'agit des mensurations des specimens figures, aucune 
statistique n'ayant ete faite. 

(2) Pour les spores, il s'agit de la distribution stratigraphique connue dans 
l'aire de sedimentation ardenno-rhenane (voir notamment Paproth & Street 1970, 
Tab. 2). 

F=Frasnien, Fa=Famennien, Tn=Tournaisien. 
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Description : Spores radiales, triletes, a contour subtriangulaire a 
arrondi. Marque triradiee egale aux 2/3 du rayon de la spore. Cur
vaturae imperfectae peu distincts. Aires de contact lisses. Exine portant 
sur la surface distale et a l'equateur des coni et verrucae a base de 
2 µ, peu eleves ( < 2 µ) termines par un mucron (1-2 µ haut). Orne
ments distants de 1 a 3 µ. Mensurations : 22-24 µ. 

Distribution stratigraphique : Fa2d - Tnl. 

Genre SPINOZONOTRILETES Hacquebard 1957 
Spinozanotriletes cf. conspicuus Playford 1964 

Pl. 3, fig. 8 et 9 

Description : Spores radiales, triletes, a contour subtriangulaire a 
arrondi. Marque triradiee droite atteignant l'equateur, accompagnee de 
plis. Intexine tres fine, peu visible. Exoexine relativement epaisse 
(2-3 µ) portant sur la face distale et a l'equateur des epines de grande 
taille (11-22 µ de long, souvent brisees ; base de 4-6 µ), de 12-15 sail
lant a l'equateur. Mensurations : 70-75 µ. 

Remarques : Le caractere souvent erode de l'ornementation ne per
met pas toujours de separer cette espece de S. uncatus Hacquebard. 

Distribution stratigraphique : Fa2c - Tnl. 

Genre PUSTULATISPORITES Potonie & Kremp 1954 
Pustulatisporites cf. gibberosus (Hacquebard) Playford 1964 

Pl. 3, fig. 2 

Description : Spores radiales, triletes, a contour subtriangulaire a 
arrondi. Marque triradiee simple, egale aux 2/3 du rayon de la spore. 
Exine portant sur la face distale des verrucae (3-5 µ de diametre de 
base) a profil irregulier, espacees de 2-4 µ. Verrucae plus rares et 
moins developpees sur l'aire proximo-equatoriale. 

Remarques : Le caractere souvent erode de l'ornementation ne per
met pas une attribution specifique plus precise. 

Distribution stratigraphique: Tnl. 

Subinfraturma BACULATI Dyb. & Jach. 1957 
Genre HYSTRICOSPORITES McGregor 1960 

Hystricosporites cf. obscurus Mortimer & Chaloner 1967 
Pl. 5, fig. 1 et 2 

Description : Spores radiales, triletes a contour arrondi, vues le plus 
souvent en compression laterale. Marque triradiee a Ievres elevees 
atteignant 35 µ. Appendices de 34 a 48 µ a terminaison bifurquee a 
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branches (5-11 µ chacune) plus OU moins perpendiculaires a l'axe 
principal de l'appendice. Mensurations: axe polaire: 120-142 µ. 

Remarques : Le rapport de la taille des appendices au diametre du 
corps de la spore est plus grand que chez H. obscurus. 

Distribution stratigraphique: Fala - Tnl. 

Hystricosporites multifurcatus (Winslow) Mortimer & Chaloner 1967 
Pl. 5, fig. 3 et 4 

Description : Spores radiales, triletes, portant de nombreux appen
dices relativement cylindriques et longs (> 1/2 du diametre de la 
spore), lisses ou faiblement granules, termines par un col cylindrique, 
souvent retreci (4-6 µ de diametre), portant des epines de 2-3 µ de 
'long, etroites, typiquement dressees clans le prolongement de l'appen
dice. 

Distribution stratigraphique : Fa2b - Tnl. 

Hystricosporites sp. aff. H. multifurcatus (Winslow) 
Mortimer & Chaloner 1967 

Pl. 5, fig. 5 et 6 

Description : Spores radiales, triletes, a contour subtriangulaire a 
arrondi. Exine portant de nombreux appendices plurifurques (25-34, 
saillant a l'equateur). Appendices trapus de 30 µ environ de long, 
rugueux et plus ou moins canneles au moins sur les 2/3 inferieurs de 
leur longueur. Epines terminales au nombre de 3 a 5, longues de 4-6 µ, 
perpendiculaires a l'axe de l'appendice. Mensurations: 112-128 µ. 

Remarques : Cette espece a des appendices de forme plus trapue 
et en plus grand nombre que clans le materiel type. 

Distribution stratigraphique : F2 - Tnl. 

Genre RAISTRICKIA (Sch., Wils & Bent.) Potonie & Kremp 1954 
Raistrickia ponderosa Playford 1964 

Pl. 4, fig. 1 et 2 

Description : Spores radiales, triletes, a contour arrondi. Marque 
triradiee simple, 2/3 du rayon de la spore, peu visible clans l'ornemen
tation dense. Surfaces distale et proximale couvertes de verrucae ou 
le plus souvent de bacula « biforme », a sommet arrondi (2-12 µ de 
haut ; 3-9 µ de large). Mensurations: 52-108 µ. 

Distribution stratigraphique : Tnl. 

Raistrickia variabilis Dolby & Neves 1970 
Pl. 4, fig. 3 et 5 a 9 

Description : Spores radiales, triletes, a contour arrondi. Marque 
triradiee, droite, simple, egale a la moitie du rayon de la spore, peu 
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visible. Exine portant des ornements de forme et de taille tres variables, 
a base conique supportant un batonnet plus ou moins allonge (5-20 µ 
de long; 2 a 5 µ .de diametre), elargis a l'apex, parfois faiblement 
bifurques. Ornementation variable d'un specimen a l'autre, moins sur 
le specimen lui-meme; 12-18 ornements projetes a l'equateur. Mensu
rations : 25-70 µ. 

Distribution stratigraphique : Fa2c - Tn2a. 

Raistrickia sp. 
Pl. 4, fig. 4 

Un specimen representant peut-etre une forme extreme de R. varia
bilis a appendices peu nombreux et particulierement developpes. 

Raistrickia corynoges Sullivan 1968 
Pl. 4, fig. 12 et 13 

Description : Spores radiales, triletes, a contour arrondi. Marque 
triradiee peu visible sous la densite des ornements. Ornements varia
bles en contour et en taille a base legerement conique (3-5 µ de dia
metre a la base, hauts de 8-14 µ) projetes en grand nombre a l'equateur 
(une cinquantaine). Mensurations: 58-69 µ. 

Distribution stratigraphique : Tnl - Tn2a. 

Raistrickia macrurus (Luber) Dolby & Neves 1970 
Pl. 4, fig. 10 et 11 

Description : Spores radiales, triletes, a contour arrondi. Exine 
portant des appendices a large base ( 4-6 µ) decurrente, plus OU moins 
reliees entre elles en un reseau de murs peu eleves (2 µ). Les bases 
decurrentes portent des batonnets de 5-8 µ de haut, etroitement cylin
driques (1-2 µ de large). Une vingtaine d'ornements sont projetes a 
l'equateur. Mensurations : 56-62 µ. 

Distribution stratigraphique : Tnl - Tn2a. 

Infraturma MURORNATI Pot. & Kr. 1954 
RETICULATISPORITES (Ibrahim) Sch., Wils. & Bent. 

Reticulatisporites ? fimbriatus Winslow 1962 
Pl. 3, fig. 10 

Description : Spores radiales, triletes, a contour arrondi. Exine 
portant des muri eleves (10 µenviron) a sommet £range, delimitant des 
mailles de l'ordre de 20 µ de diametre. Mensurations: 72 µ (ornemen
tation 'ncluse). 

Distribµtion stratigraphique: Tnl. 
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Genre CORBULISPORA Bharadwaj & Venkatachala 1961 
Corbulispora cf. subalveolaris (Luber) Sullivan 1964 

Pl. 3, fig. 11 

Description : Spores radiales, triletes, a contour arrondi. Marque 
triradiee peu visible, droite, simple, sans levres. Exine portant des 
muri formant un pseudo-reseau a mailles irregulieres, incompletes. 
Muri plus eleves aux nceuds. Mensurations: 78-94 µ. 

Discussion : Le polymorphisme de C. subalveolaris tel. qu'il est 
accepte par Sullivan 1964 (voir notamment sa Pl. 1, fig. 19) est consi
derable. Cependant, le materiel de Brevillers n'est pas suffisamment 
bien conserve pour autoriser une attribution specifique definitive. 

Distribution stratigraphique : Tnl - Tn2a. 

Genre DICTYOTRILETES (Naum.) Potonie & Kremp 1954 
Dictyotriletes trivialis (Naum. in litt.) Kedo 1963 

Pl. 3, fig. 13 

Description : Spores radiales, triletes, a contour arrondi. Marque 
triradiee peu visible, droite, simple, sans levres atteignant les 2/3 du 
rayon de la spore. Exine portant une ornementation de muri formant 
un reseau a mailles souvent incompletes lorsque les muri s'interrom
pent brusquement. Mensurations: 82-99 µ. 

Distribution stratigraphique : Tnl - Tn2a. 

Infraturma CINGULATI Pot. & Klaus 1954 
Genre CRISTATISPORITES Pot. & Kr. 1954 

Cristatisporites echinatus Playford 1963 
Pl. 5, fig. 11 

Description : Spores radiales, triletes, a contour subtriangulaire. 
Marque triradiee relativement epaisse et elevee (2-3 µ) atteignant 
l'equateur. Cingulum large ayant a peu pres le 1/3 du rayon de la 
spore, s'amincissant vers l'equateur. Ornementation dense de coni et 
spinae (1-4 µ de long). Mensurations : 59-72 µ. 

Distribution stratigraphique : Tnl. 

Genre KNOXISPORITES Pot. & Kr. 1954 emend. Neves 1961 
Knoxisporites cf. literatus (Waltz) Playford 1963 

Pl. 3, fig. 12. 

Description : Spores radiales, triletes, a contour subarrondi. Marque 
triradiee atteignant les 2/3 du rayon de la spore, bordee de levres 
epaisses et larges de 4-6 µ. Cingulum large d'l/4 a 1/3 du rayon de 
la spore. Muri distaux plus etroits, a distribution irreguliere. Mensura
tions: 83-110 µ. 
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Discussion : Notre materiel se rapproche des formes publiees par 
Winslow (1962) sous le nom de Reticulatisporites crassus. 

Distribution stratigraphique : Tnl - Tn2a. 

Genre LOPHOZONOTRILETES (Naum.) Potonie 1958 
Lophozonotriletes lebedianensis Naumova 1953 

Pl. 3, fig. 1 

De,.scription : Spores radiales, triletes, a contour subcirculaire. Marque 
triradiee fine, peu visible, atteignant les 2/3 du rayon de la spore. 
Cingulum peu differencie, de 3-6 µ de large. Exine lisse portant des 
verrucae a sommet arrondi, de hauteur et de diametre variant de 
2-8 µ. Ornementation a densite variable. Mensurations: 45-52 µ. 

Distribution stratigraphique: Fala - Tnl. 

Genre VALLATISPORITES Hacquebard 1957 
Vallatisporites pusillites (Kedo) Dolby & Neves 1970 

Pl. 5, fig. 12 
Description : Spores radiales, triletes, a contour subtriangulaire. 

Marque triradiee atteignant le bord equatorial de la spore, a levres ele
vees (2-3 µ). Intexine tres fine, peu visible ; exoexine epaissie en un 
cingulum s'amincissant vers l'equateur, portant du cote interne plus 
epais de tres petites lacunes a distribution radiale. Ornementations 
distale et equatoriale apiculees tres variables ; le plus souvent formees 
d'epines (3-5 µ) portees sur des verrucae (2-4 µ de diametre basal). 
Mensurations: 52-58 µ. 

Distribution stratigraphique : Fa2d - Tnl. 

Vallatisporites vallatus Hacquebard 1957 
Pl. 6, fig. 1 et 2 

Description : Spores radiales, triletes a contour subtriangulaire. 
Marque triradiee peu visible, atteignant l'equateur,. a levres peu elevees 
(1 µ). Intexine tres fine; exoexine epaissie en un cingulum s'amincis
sant vers l'equateur, portant du cote interne plus epais, de tres petites 
lacunes a distribution radiale. Ornementations distale et equatoriale de 
petits grana et coni (1-2 µ). Mensurations: 60-68 µ. 

Distribution stratigraphique : Tnl. 

Infraturma TRILETESACC/Tl Leschik 1955 
Subinfraturma INTRORNATI Butt. & Will. 1958 

Genre ENDOSPORITES Wilson & Coe 1950 
Endosporites gr. minutus H9ff., St. & Mall. 

Pl. 5, fig. 9 et 10 

Description : Spores radiales, triletes, a contour subtriangulaire a 
arrondi. Marque triradiee a levres elevees (2-3 µ) atteignant les 2/3 du 
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rayon de la spore, souvent accompagnee de plis. Intexine et exoexine 
de 1-2 µ d'epaisseur, lisses. L'exoexine parfois microgranulee. Mensu
rations : 52-70 µ. 

Remarques: Vair Streel 1966, p. 88. 

Distribution stratigraphique : Fa3 - Tn2a. 

Endosporites? sp. in Balme & Hassell 1962, Pl. 5, fig. 5 
Pl. 6, fig. 3 

Description : Spores radiales, triletes a contour subtriangulaire. 
Marque triradiee accompagnee de plis, atteignant l'equateur de la 
spore. Saccus portant a l'equateur une aile membraneuse (limbus ?) 
large d'environ 1/8 du rayon de la spore. Zone formee par la vue 
polaire du saccus, egale a 1/2 du rayon de la spore. Exoexine portant 
une microornementation de tres petits coni ( < 0,5 µ). Mensurations: 
102-124 µ. 

Distribution stratigraphique : Fa2c - Tnl. 

INCERT AE SEDIS 
(Les attributions generiques ci-dessous sont provisoires). 

Hymenozonotriletes lepidophytus Kedo 1957 
Pl. 5, fig. 13 et 14 

Description : Vair Streel 1966, p. 69. 

Distribution stratigraphique : Fa2d - Tnl. 

Hymenozonotriletes luteolus (Naumova) Kedo 1957 
Pl. 3, fig. 5 et 6 

Description : Spores radiales, triletes, a contour circulaire. Marque 
triradiee egale au rayon de la spore, accompagnee de plis. Exoexine 
lisse, tres finement plissee, entourant etroitement l'intexine. Mensura
tions: 36-42 µ. 

Distribution stratigraphique: Tnl. 

Hymenozonotriletes famenensis Kedo 1963 
Pl. 3, fig. 7 

Description : Spores radiales, triletes, a contour subtriangulaire a 
subcirculaire. Marque triradiee simple, atteignant l'equateur de la 
spore. Jntexine epaisse (2-3 µ) plus OU mains granuleuse ; exoexine 
lisse, membraneuse, finement plissee et etroitement accolee a l'intexine, 
determinant une pseudo-sculpture rugulee, a distribution plus OU mains 
radiaire. Mensurations: 52-59 µ. 

Distribution stratigraphique: Fa2c - Tnl. 
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Ancyrospora ? capillata Dolby & Neves 1970 

Pl. 5, fig. 7 et 8 

Description : Spores radiales, triletes, a contour subtriangulaire a 
subcirculaire. Marque triradiee elevee (3-4 µ) n'atteignant pas l'equa
teur de la spore. L'exoexine sous-tendant la partie inferieure des appen
dices plurifurques est couverte de tres fines soies de 2-3 µ de haut. 
Appendices longs de 20-40 µ, a base conique, s'amincissant sous l'apex 
pour s'evaser en un plateau de 4-6 µ de diametre d'ou divergent 3-6 
epines laterales (chacune de 5-8 µ de long). Mensurations: 102-115 µ. 

Distribution stratigraphique : Tnl. 

B. Acritarches 

Ils sont relativement rares et peu varies. Leur etat de conservation 
est assez hon. 

POLYGONOMORPHIT AE D.E.S. 1963 

Genre VERYHACHIUM (Deunff) Downie & Sarjeant 1963 
Veryhachium downiei Stockmans & Williere 1962 

Pl. 6, fig. 4 

1962 - V. downiei Stock. & Wil., Pl. 1, fig. 2, 4, texte-fig. 2, p. 84. 

1963 - V. downius Stock. & Wil., Pl. 1, fig. 9, 10, Pl. 3, fig. 1, 2, texte-fig. 
1, 2, 3, p. 451. 

Description : Coque triangulaire ; test mince plus ou moins froisse ; 
3 appendices fins, assez longs (de l'ordre de grandeur du cote de la 
coque) et flexueux. 

Mensurations de la coque: 20-25 µ. 

Distribution geographique et stratigraphique : Frasnien, Famen
nien et Tournaisien du Nord de la France et de Belgique. 

Veryhachium trispinosum (Eis.) Deunff 1954 

Pl. 6, fig. 5 

1962 - V. trispinosum in Stock. & Wil., Pl. 2, fig. 25, 26, texte-fig. l, p. 46. 

Description : Coque triangulaire peu deformee ; test mince plus ou 
moins froisse ; 3 appendices courts se confondant plus ou moins avec 
les angles du corps central. 

Mensurations de la coque: 20 µ. 

Distribution geographique et stratigraphique : Ordovicien de Prusse 
orientale, de Bretagne, d'Angleterre; Silurien d'Angleterre; Devonien 
de Bretagne, de Belgique. 
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Veryhachium octoaster Staplin 1961 
Pl. 6, fig. 8 et 9 

1961 - V .. octoaster Staplin, Pl. 49, fig. 3, 4. 

Description : Coque polyedrique a sommets pointus ; tegument 
lisse et peu epais, formant des aretes plus OU moins sinueuses entre 
les sommets au nombre de 8 au plus. 

Mensurations: 55-60 µ. 

Distribution geographique et stratigraphique : Devonien supeneur 
du Canada, de Belgique, de France ; Tournaisien inferieur de France. 

ACANTHOMORPHJTAE D.E.S. 1963 
Genre MICRHYSTRIDIUM (Defl.) Downie & Sarjeant 1963 

Micrhystridium pascheri Stockmans & Williere 1962, Pl. 2, fig. 13 
Pl. 6, fig. 6 

M. pascheri Stock. & Wil. 1962, Pl. 2, fig. 13, texte-fig. 24, p. 64. 

Description : Coque spherique lisse ; 8 a 10 appendices coniques 
courts [ < 2 R (3)] et lisses, ouverts sur la coque. 

Mensurations de la coque: 15 a 20 µ. 

Distribution geographique et stratigraphique : Frasnien superieur de 
Belgique ; Tournaisien de France septentrionale. 

Genre BALTISPHAERIDIUM (Eis.) Downie & Sarjeant 1963 
Baltisphaeridium flandrium Stock. & Will. 1962 

Pl. 6, fig. 14 et 15 

Description : Coque sph6rique lisse ; tegument peu epais ; 1 a 2 µ ; 
10 a 12 appendices lisses, longs ( < 2 R) et flexueux, quand ils ne sont 
pas casses, creux et obtures a la base. 

Mensurations de la coque: 30 a 40 µ. 

Distribution geographique et stratigraphique : Tournaisien de Bel
gique, de France septentrionale. 

Genre GORGONISPHAERIDIUM Staplin, Jansonius & Pocock 1965 
G. winslowii Staplin, Jansonius & Pocock 1965 

Pl. 6, fig. 10 et 11 

Description : Coque spherique lisse, peu epaisse ; assez nombreux 
appendices courts ( <; R), pointus, et quelquefois bifides a leur extre
mite. La plupart sont rigides, quelques-uns sont flexueux, tres legere
ment bulbeux a la base et probablement obtures. 

Mensurations de la coque : 20-25 µ. 

(3) R=rayon de la coque. 
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Remarque : il s'agit d'une forme voisine de Filisphaeridium Janso
nius. Toutefois, le diametre du corps central est plus grand, les appen
dices plus longs et moins nombreux, le tegument est moins epais. 

Ces formes sont frequentes et constituent ici le groupe dominant 
des Acritarches. 

PTEROMORPHIT AE D.E.S. 1963 
CYMATIOSPHAERA (0. Wetzel) Deflandre 1954 

Cymatiosphaera cf. wenlockia Downie 1959 
Pl. 6, fig. 7 

Description : Coque subspherique sombre, portant des piliers ( + R) 
sous-tendant une membrane perpendiculaire a la surface du corps 
central. 

Mensurations de la coque : 12-15 µ. 

Distribution geographique et stratigraphique : Silurien d' Angleterre, 
d'Espagne; Devonien de Belgique et de France; Tournaisien de 
France septentrionale. 

Cymatiosphaera cf. devonica Deunff 1966 
Pl. 6, fig. 13 

Description : Coque spMrique, portant des piliers ( < R) ; membrane 
fine entourant perpendiculairement la coque d'un reseau a mailles 
hexagonales. 

Mensurations de la coque: 18-20 µ. 

Distribution geographique et stratigraphique : Devonien et Tournai
sien de France septentrionale. 

SCUTELLOMORPHJTAE Brito 1956 
MARANHITES Brito 1966 

Maranhites sp. 
Pl. 6, fig. 12 

Description : Coque discoi'dale ornee d'excroissances equatoriales (ici 
au nombre de 8), hautes de R/3, prolongees en fourche par deux 
levres de meme hauteur et sous-tendant une membrane equatoriale tres 
fine et froissee. Cette membrane adhere aux faces laterales du corps 
central et se deprime sur son contour clans l'axe des excroissances. Le 
tegument du corps central est epais et presente un aspect chagrine sur 
ces faces laterales. 

Mensurations de la coque : 35 µ, h. t. : 50 µ. 

Remarque : 11 est probable qu'une perforation existe clans l'axe de 
chaque excroissance mettant en communication la cavite inferieure avec 
le milieu exterieur. Ces formes ne sont pas sans affinites avec le genre 
Duvernaysphaera Staplin. 
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Distribution geographique et stratigraphique : Tournaisien inferieur 
de France septentrionale. 

C. Scolecodontes 

Ils sont communs sans etre tres nombreux, les formes observees pre
sentent des affinites avec Arabellites cornls Eller. 

III. PALYNOFACIES ET PALEOECOLOGIE 

La plupart des echantillons, notamment ceux preleves dans les 
carottes 1 et 2 (facies plus argileux) contiennent un abondant residu 
detritique organique. La masse principale est constituee par les debris 
vegetaux ligneux noiratres, des fragments de cuticules bruns a noirs. 
Les microfossiles, moins abondants, representent en moyenne 10 a 
20 % du total. 

Les spores dominent et indiquent clairement !'importance de l'apport 
continental dans l'environnement sedimentaire. Neanmoins, la quantite 
de spores par gramme de sediment est relativement faible et ne suggere 
pas la proximite du paleorivage. Le « microbios » marin est tres peu 
abondant. Il se compose de Scolecodontes (machoires d'Annelides) et 
d' Acritarches relativement rares et peu variees comprenant des Leio
sphaeridia. 

L'analyse biometrique des populations de Hymenozanotriletes lepi
dophytus dans les echantillons ou cette espece est suffisamment abon
dante demontre que les assemblages ont subi un certain tri et ont ete 
probablement aussi l'objet d'une redistribution. En effet, dans les sedi
ments du Bassin de Dinant plus proche du paleorivage, la reduction 
de taille de cette espece lorsque l'on s'eleve dans le Tournaisien, est un 
phenomene constant. A Brevillers, en revanche, on trouve en alter
nance les zones biometriques D et E ; de plus, ces « grandes » spores 
sont associees a des especes tournaisiennes qui n'apparaissent pas dans 
les zones biometriques D et E des sediments littoraux du Bassin de 
Dinant : Ancyrospora ? capillata, Reticulatisporites ? fimbriatus, Dic
tyotriletes trivialis, Knoxisporites cf. literatus, Corbulispora cf. sub
alveolaris, Raistrickia corynoges, V allatisporites vallatus. 

Peut-etre le caractere remanie de cet assemblage est-il plus apparent 
aux niveaux des maxima de H. lepidophytus, particulierement la 
(221 m; 223,50 m; 226 m) ou les formes d'ornementation reticulee 
ou pseudoreticulee, groupees sous le genre Dictyotriletes sont peu 
abondantes. 11 n'est pas exclu cependant que cette alternance de niveaux 
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riches en H. lepidophytus et de niveaux riches en Dictyotriletes tradui
sent un controle des assemblages par l'environnement du milieu de 
production ou par les agents de transport. 

IV. STRATIGRAPHIE 

Tous les echantillons etudies contiennent Hymenozanotriletes lepido
phytus dont la biozone caracterise dans le bassin de Dinant le Fa2d et 
la plus grande partie du Tnl. Les especes citees ci-dessus excluent l'age 
Fa2d et suggerent que les echantillons appartiennent a la partie infe
rieure du Tnl b, equivalent probable des schistes de Hangenberg qui 
s'intercalent, dans la succession classique allemande, entre les calcaires 
a Wocklumeria (to VI) et les calcaires a Gattendorfia (cul) (voir Paproth 
& Streel 1970). La redistribution eventuelle de quelques especes de 
spores apparues des la base du Tnl est sans incidence importante sur 
notre tentative de correlation biostratigraphique. 

Nous attirons !'attention sur l'acritarche Gorgonisphaeridium wins
lowii qui se revele un interessant marqueur stratigraphique du Tnl, 
puisque cette espece domine les populations d'acritarches decrites a 
ce niveau en Amerique du Nord, en Europe occidentale et dans le 
nord de l' Afrique. 
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Donnees nouvelles 
sur les Foraminiferes du Tournaisien inferieur 

et des couches de passage 
du Famennien au Tournaisien dans I' Avesnois 

R. CONIL 1 & M. LYS 2 

A vec 3 figures dans le texte et planches 7-13. 

RESUME. 

15 especes de Foraminiferes dont 9 nouvelles et un genre nouveau (Avesnella) 
sont decrits dans la coupe de reference d'Avesnelles (France), parastratotype 
du Calcaire d'Etroeungt. La distribution geographique des Quasiendothyra et 
les influences ecologiques sur cette distribution sont discutees. La repartition 
stratigraphique des associations guides de Foraminiferes est precisee dans le 
Famennien et le Tournaisien inferieur de Belgique et de l'Avesnois, en France. 

ABSTRACT. 

15 species of foraminifera including 9 new species and one new genus 
(Avesnella) are described from the reference section of Avesnelles (France), 
parastratotype of the « Calcaire d'Etroeungt •. The geographical distribution 
of Quasiendothyra and the ecological control on the distribution of these 
foraminifera are discussed. The stratigraphic ranges of the guide-assemblages 
of foraminifera is discussed in detail for the Famennian and Lower Tournaisian 
of Belgium and the A vesnois in France. 

* ** 
La coupe d'Avesnelles que nous avons decrite en detail en 1964 

(Conil, Lys & Paproth 1964) et proposee depuis lors comme para
stratotype du Calcaire d'Etroeungt, est relativement mal connue dans 
sa partie inferieure. Le Calcaire d'Etroeungt a fait l'objet de belles 
descriptions paleontologiques en France, en Belgique et en Allemagne. 
Il n'en est pas de meme en ce qui concerne la partie superieure des 
« Schistes de Sains », dans laquelle nous avions rencontre des 1961 

1 Institut Geologique de l'Universite, rue St-Michel 6, Leuven, Belgique. 

2 C.N.R.S. Gfologie Historique, Faculte des Sciences, 91, Orsay, France. 
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des Foraminiferes assez proches de !'association tournaisienne des 
couches d'Etroeungt. Cet endroit est le seul en Europe occidentale 
OU peut etre suivie !'evolution continue des Foraminiferes du Famen
nien au Tournaisien. La grande epaisseur des sediments favorise 
l'extension verticale des zones successives. 

I. LES SCHISTES DE L'EPINETTE (Conil & Lys 1967) 

Les Schistes de l'Epinette constituent une formation en grande 
partie schisteuse, renfermant plusieurs niveaux de calcaire stratifie et 
de calcaire tiodulaire. Ils renferment les premiers Stromatopores connus 
apres le Frasnien. 

Cette formation est comprise entre les gres de la halte de St-Hilaire 
(Conil, Lys & Paproth 1964, p. 24, e-k) et le Calcaire d'Etroeungt (au 
sens large) a Stromatopores, de la tranchee d'Avesnelles (Conil, Lys 
& Paproth 1964, p. 22, q-t). Elle appartient a la zone palynologique 
« pusillites-lepidophytus (Streel 1969) et renferme des Quasiendothyra 
bilaminaires que nous n'avons jamais decouvertes plus bas. Sa partie 
superieure chevauche la limite inferieure de la zone a Quasiendothyra 
kobeitusana qui se montre ainsi independante du facies a predominance 
calcaire. 

Cette unite lithologique, aisement reconnaissable sur le terrain grace 
a ses Stromatopores, constitue pratiquement, dans !'ensemble du bassin 
de Dinant, la phase terrigene qui a precede la sedimentation calcaire 
des les premieres etapes de la transgression Fa-Tnl. Pour faciliter la 
cartographie, nous avions divise anterieurement cet ensemble en « Stru
nien schisteux » et « Strunien greseux » ; en Belgique, depuis la Meuse 
jusqu'a Walcourt, les microfaunes sont si rares que ces criteres restent 
pratiquement les seuls a l'heure actuelle. 

Les Schistes de l'Epinette, situes stratigraphiquement entre le strato
type d'Evieux et celui d'Etroeungt, ont done un interet primordial 
dans la recherche d'une limite entre le Devonien et le Carbonifere. La 
presente etude a pour but de les faire mieux connaitre tout en ne reve
lant qu'un seul des nombreux sujets d'etude paleontologique qui 
pourraient etre poursuivis sur ce riche gisement. 

Si l'abondance des Girvanelles et des Bisphaera est assez constante, 
la distribution des Foraminiferes est extremement variable d'un bane a 
l'autre dans une meme unite. Les associations les plus riches ont ete 
rencontrees dans les termes 0 et K et surtout dans les deux banes de 
calcaire apparaissant 9 m plus bas que ce dernier (banes 89 et 91). La 
figure 2 permet de localiser avec precision les Foraminiferes figures. 
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II. LE CALCAIRE NOIR D'AVESNELLES 

Le Calcaire noir d'Avesnelles constitue une unite lithologique aise
ment identifiable dans l'Avesnois. C'est un calcaire gris fonce a noir, 
grenu a fin, stratifie en petits banes pouvant etre nodulaires OU lenti
culaires. Cette unite est comprise entre les calcschistes a Coraux et Stro
matopores formant le sommet du « Calcaire d'Etroeungt » au sens 
large, et les Schistes a Spiriferellina (Tn2a). Nous y rapportons les alter
nances schisto-calcaires faisant transition avec les Schistes a Spirif e
rellina. 

La faune comporte essentiellement des Brachiopodes (lumachelles 
de Productus niger), des Lamellibranches, des Ostracodes (parmi 
lesquels d'assez nombreux Cryptophyllus a la base) et des Foramini
feres (principalement des Tournayellidae). Les Coraux sont absents ou 
rares, de meme que les Girvanelles. Ce type d'association contraste 
avec celui des couches immediatement inferieures sur lesquelles le Cal
caire noir d'Avesnelles repose sans transition, et qui renferment de tres 
nombreuses Quasiendothyra, Endothyra et Paracaligella associees a 
d'abondantes petites Girvanelles. Ces caracteres se maintiennent pra
tiquement du premier au dernier bane (9 a 31), bien que Tournayellina 
beata n'ait ete rencontree que du bane 16 au bane 21 inclusivement. 

Les alternances schisto-calcaires du sommet ne renferment que des 
Foraminiferes simples et des Umbellina sans ornementation. 

III. SYSTEMATIQUE 

TOURNAYELLIDAE 

Chernyshinella glebovskayae (Dain) 
(Pl. 13, fig. 128) 

1953 - G/0111ospiranella g/ebovskayae Dain - Dain, p. 26, pl. I, fig. 14-17. 

1955 - Septag/0111ospiranella g/ebovskayae Dain - Lipina, p. 45, pl. IV, 
fig. 19. 

1964 - Cliemyshinella depressa Conil & Lys - Conil & Lys, p. 146, 
pl. XXI, fig. 414. 

1965 - Septaglomospirane/la (Neoseptaglomospiranella) glebovskayae (Dain) 
- Lipina, p. 70, pl. XV, fig. 9-12. 

? 1956 - Endothyra kynensis Mal. - Malakhova, p. 105, pl. V, fig. 3-6. 
? 1963 - Septag/0111ospiranella (Neoseptag/0111ospiranella) dainae Lip. 

Lipina, p. 69, pl. XV, fig. 1-4. 

? 1955 - Septag/omospiranella dainae Lip. - Lipina, p. 47, pl. V, fig. 1-3. 

? 1966 - Chemyshinella kynensis (Malakhova) - Ganelina, p. 91, pl. VII, 
fig. 15, 16. 
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RAPPORTS ET DIFFERENCES 

Avec son petit nombre de loges dissymetriques, cette espece se 
rapporte plus aux· Chernyshinella qu'aux Septaglomospiranella. 

Les exemplaires rencontres en Belgique et en France (Avesnois) 
sont de petite taille et ne paraissent pas abondants. Leur diametre 
oscille entre 300 et 350 µ. 

- En comparant avec l'holotype de S. glebovskayae les especes men
tionnees avec doute dans la synonymie ci-dessus, l'on peut se demander 
si les differences existant entre elles ne sont pas de simples variations 
ou des sous-especes gfographiques. Les differences portent, en effet, 
essentiellement sur des parametres lies a la croissance. s. glebovskayae 
pourrait etre une forme moins developpee que S. dainae et Ch. kynensis. 
Les traits essentiels demeurent les memes : enroulement dense, spire 
basse et loges allongees, en forme de goutte. 

- La seule difference veritable qui semble separer cette espece de S. 
rauserae - encore que l'holotype soit en ce sens mains caracteristique 
que les paratypes - est la forme plus bombee des loges et la spire 
plus haute chez cette derniere espece. Sur la base de ce critere, S. dainae 
figure par Bogush & Juferev (1962, pl. II, fig. 20 seulement) est plus 
proche de S. rauserae. 

REPARTITION STRATIGRAPHIQUE 

URSS : Oupinsk a Tcherepet, (Kizel ?) 

France : Tnl b, Synclinorium de Dinant (Avesnois, Calcaire noir 
d'Avesnelles). 

Belgique : Tn2b, Synclinorium de Dinant. 

Chernyshinella (?) gutta nov. sp. 
(Pl. 13, figs. 124-127) 

Derivatio nominis : gutta, goutte. 
Holotype: RC 6364; pl. 13, fig. 124. 
Locus typicus: tranchee de St-Hilaire (Avesnes 1/19). 
Stratum typicum: Tnlb (Calcaire noir d'Avesnelles). 

DIAGNOSE 

Enroulement : pelote initiale allongee ; spire terminale ovale et nette-
ment decalee par rapport a la pelote. 

Spires : 4-5. 
Loges: 4-5. 
Sutures : profondes. 
Diametre : 450-500 µ. 
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DESCRIPTION 

Les spires initiales croissent lentement en pelote lenticulaire ou 
discoi:dale sur laquelle la spire terminale s'enroule a angle droit. Les 
loges du dernier tour sont spacieuses, en forme de goutte d'eau, separees 
par des septa courts mais nets. La paroi est microgrenue, epaisse de 
15 a 20 µ, OU davantage. 

RAPPORTS ET DIFFERENCES 

- Cette espece ressemble a Septaglom. comblaini (C. & L.) par son 
mode d'enroulement. Elle en differe par les loges moins serrees et de 
forme plus dissymetriques, les rapprochant des Chernyshinella. 

- Differe de Septagl. perfecta nov. sp. par une taille plus petite, 
moins de spires, moins de loges, et le caractere dissymetrique de celles-ci. 

- Septaglomospiranella rauserae (Dain) ( = Chernyshinella) peut 
parfois ressembler a notre espece, notamment l'exemplaire pl. 1, fig. 7 
de la publication originale de 1953. Sept. rauserae est neanmoins plus 
petite et sa pelote centrale n'est pas aussi aplatie en general. L'exem
plaire de Dain que nous signalons est d'ailleurs le seul qui presente 
une ressemblance etroite avec Chern. (?) gutta (fig. 127). 

REPARTITION STRA TIGRAPHIQUE 

France : Tnl b, Synclinorium de Dinant (Avesnois). 

Glomospiranella transversa nov. sp. 
(Pl. 9, fig. 47 - Pl. 12, fig. 113) 

Derivatio nominis : transversus, transverse. 
Holotype: RC 6310, pl. 9, fig. 47. 
Locus typicus : tranchee d'Avesnelles, (Avesnes 3/106). 
Stratum typicum: Fa2d. 

DIAGNOSE 

Enroulement : pelote centrale allongee ; spire terminale perpendiculaire 
OU nettement decalee par rapport a la pelote centrale. 

Spires : 4-5. 
Pseudologes : 7-8. 
Sutures : bien marquees. 
Diametre: 370-400 µ. 

DESCRIPTION 

La spire s'eleve tres peu au cours de l'enroulement. Les premiers 
tours d'abord desordonnes tendent rapidement a se superposer en deux 
poles, ce qui donne un profil ovale a la pelote centrale. Les pseudologes 
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deja nettes dans la pelote, sont bien bomb6es, parfois un peu dissyme
triques dans le dernier tour. Bien que la paroi soit mince, la pelote 
centrale prend un aspect empate assez caracteristique. La paroi est 
microgrenue et epaisse de 10-15 µ environ. 

RAPPORTS ET DIFFERENCES 

- L'allure generale de la section rappelle Glom. subglobosa Ma
lakhova. Cette derniere differe de notre espece par une loge tubu
laire mince a l'origine et surtout par des divisions en pseudologes 
moins accusees. 

- La ressemblance est assez grande avec Glom. latispiralis Lipina. 
Les pseudologes de notre espece, chronologiquement anterieure, sont 
mieux individualisees. 

REPARTITION STRATIGRAPHIQUE 
France : Fa2d et Tnla, Synclinorium de Dinant (Avesnois). 

Mstinia (?) incondita nov. sp. 
(Pl. 8, figs. 24, 25) 

Derivatio nominis : inconditus, indistinct. 
Holotype: RC 6144, pl. 8, fig. 24. 
Locus typicus: tranch6e d'Avesnelles (Avesnes 3/91). 
Stratum typicum: Fa2d. 

DIAGNOSE 
Enroulement : vive distorsion. 
Spires : 5 environ ? 
Loges: 6-7. 
Diametre : 450-520 µ. 
Sutures : bien marquees. 

DESCRIPTION 
La pelote interne est formee par l'enroulement tres dense et confus 

d'une loge tubulaire basse. La spire terminale, dont la hauteur s'accroit 
tres rapidement, est enroulee a angle droit OU en tout cas a angle tres 
marque par rapport a l'allongement de la pelote interne. Les septa sont 
bien developpes au dernier tour et le crible terminal est eleve. 

REPARTITION STRATIGRAPHIQUE 
France : Fa2d, Synclinorium de Dinant (Avesnois). 

Septabrunsiina kingirica (Reitlinger) 
(Pl. 13, figs. 129, 130 - Pl. 11, figs. 85, 86) 

? 1964 - Chernyshinella paucicamerata Lip. - Conil & Lys, pl. XXI, fig. 
427 seulement. 
Voir synonymie dans Conil & Lys 1968, p. 507. 
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Ce Tournayellidae, l'un des plus communs dans le Calcaire noir 
d' A vesnelles, presente une assez grande marge de variabilite, comme 
notre figuration de 1968 le montrait deja. Sa taille oscille de 400 a 
600 µ ; les specimens mesurant plus de 500 µ ont generalement de 7t 
a 8-! loges, ceux dont la taille est comprise entre 400 et 500 µ ont le 
plus souvent 5-! a 6 loges. Les spires terminales presentent toujours 
des oscillations legeres et caracteristiques. 

Tous les intermediaires existent entre les grands specimens du 
Calcaire noir d'Avesnelles et les individus moins developpes qui ne 
possedent que 1 a 1-! spires terminales plus OU moins alignees. Ces 
derniers, dans lesquels on reconnait neanmoins la pelote et le debut 
d'un enroulement legerement oscillant ressemblent alors fortement a 
certaines Septaglomospiranella primaeva, telles que la variete kazakh
stanica. Seul l'examen de toute une population permet de les en distin
guer, par le developpement des adultes. 

RAPPORTS ET DIFFERENCES 

- Septabrunsiina multivoluta C. & L. avec ses spires nombreuses 
et regulieres appartient sans doute a la meme lignee, mais il nous est 
encore impossible de preciser son degre de parente avec Sept. kingirica. 

REPARTITION STRATIGRAPHIQUE 

URSS : zone a Quasiendothyra kobeitusana ; rare dans la zone a 
Septatournayella rauserae. 

France et Belgique: rare dans le Famennien superieur (Fa2a, Fa2d). 
Commune dans le Tournaisien inferieur. Rare dans le Tournaisien 
moyen. 

Septaglomospiranella bouckaerti nov. sp. 
(Pl. 9, figs. 41, 44, 45 - PL 11, figs. 83, 84 - PL 12, figs. 118, 119) 

1967 - Septag/omospiranella (Septag/omospiranella) primaeva (Rauser) -
Brazhn., Vakart., Vdov., Vinnitch., Karp., Kolom., Potievsk., Rostov., 
Chevtvh., pl. III, fig. 12, 13. 

1967 - Septabrzmsiina aff. donica Lip. - Conil, pl. IV, fig. 35-38, in 
Bouckaert, Conil & Thorez, 1967. 

1968 - Septag/omospiranella aff. co111b/ai11i (C. & L.) - Conil & Lys, pl. II, 
fig. 26, 27. 

Derivatio nominis : nous dedions cette espece au Dr. Jos. Bouckaert, 
du Service geologique de Belgique. 

Holotype: RC 2789, Conil & Lys 1968, pl. 2, fig. 26. 
Locus typicus: tranchee d'Avesnelles (Avesnes 3/186). 
Stratum typicum : Tnl a. 
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DIAGNOSE 

Enroulement : tres variable, depuis la pelote simple jusqu'a la pelote 
centrale suivie de 1 a 1 ! spire terminale plus OU moins plane. 

Spires : 2!-3. 
Loges : 4!-6 (6!). 
Sutures : bien marquees. 
Diametre : 220-350 µ. 

DESCRIPTION 

La spire s'eleve progressivement au cours de la croissance. La section 
equatoriale du test est circulaire a legerement ovale. Les loges sont 
bien bombees, souvent legerement dissymetriques, separees par des 
septa courts developpes seulement dans les 1 a 1 ! derniers tours. La 
paroi est microgrenue a grenue, d'epaisseur variable suivant les speci
mens. 

VARIATIONS 

Ces petits Tournayellidae sont communs dans le Fa et le Tnl. Pris 
isolement, ils ont tantot l'apparence nette de Septabrunsiina (1967, 
fig. 35-38), tantot l'apparence de Septaglomospiranella (1969, fig. 26, 
27). Tant d'intermediaires existent entre ces formes a spires peu deve
loppees qu'il parait difficile d'y voir plusieurs especes. Nous crayons 
qu'il s'agit plutot d'une espece primitive, tres variable, ancestrale des 
grandes Septabrunsiina et Septaglomospiranella dont elles expriment 
certains traits de fa<;on rudimentaire. 

Les especes suivantes pourraient en etre issues :. 
Septabrunsiina kingirica (Reitl.) - augmentation de taille (fig. 43, figs. 

129 et 130), developpement des spires terminales qui restent 
legerement oscillantes, loges un peu dissymetriques. 

Septabrunsiina krainica (Lip.) - augmentation de taille, spires terminales 
plus regulieres, loges plus regulieres. 

Septaglomospiranella comblaini (C. & L.) - developpement d'une pelote 
centrale allongee et tendance a former un enroulement moins 
regulier. 

Sans qu'aucune distinction rigide ne soit cependant possible, on peut 
reconnaitre chez Sept. bouckaerti 3 tendances principales dans les 
variations : 
1. varietes pelotonnees a paroi de 10-15 µ : Holotype et fig. 84 

de la pl. 11. 
2. varietes regulieres: 1967, pl. 4, fig. 35-38 (Bouckaert, Conil & 

Thorez 1967). 
3. varietes d'apparence moins grele, a paroi de 15-20 µ. 
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RAPPORTS ET DIFFERENCES 

- Proche de Septaglomospiranella grozdilovae Pojarkov ; elle en 
differe par sa tendance a former des loges plus serrees et des varietes 
plus regulieres, ainsi que par une elevation mains sensible au dernier 
tour. 

- Differe de Septabrunsiina donica Lipina par un enroulement 
dans !'ensemble mains regulier et une croissance moindre de la spire 
et des loges au dernier tour. 

- Differe de Septaglomospiranella compressa Lipina, dont cer
taines variations se rapprochent des Septabrunsiina (Lipina 1965, pl. 
XIII, fig. 8), par des loges plus bombees, separees par des sutures 
nettes. 

- Differe de Septaglomospiranella nana Reidinger, avec laquelle 
elle offre certaines similitudes, par un aspect mains massif en section 
mince, et par des loges plus saillantes, separees par des sutures bien 
accusees. 

- Des sections ne passant pas par le dernier tour pourraient etre 
confondues avec Glomospiranella avesnensis (C. & L.) ; ces dernieres 
ont cependant un enroulement plus irregulier et ne possedent pas de 
septa. 

REPARTITION STRATIGRAPHIQUE 
Belgique : Fa2a (ancien Fmlc Bouckaert, Conil & Thorez 1967), 

Tnl a, Synclinorium de Dinant. 

France: Fa2d, Tnla, Tnlb, Synclinorium de Dinant (Avesnois). 

URSS : Tournaisien inferieur. 

Septaglomospiranella perfecta nov. sp. 
(Pl. 13, figs. 121, 122) 

Derivatio no minis : perf ectus, acheve, parfait. 
Holotype: RC 6166 ; pl. 13, fig. 121. 
Locus typicus : tranchee de St-Hilaire (Avesnes 1/19). 
Stratum typicum : Tnl b (Calcaire noir d'Avesnelles). 

DIAGNOSE 

Enroulement : pelote initiale allongee ; spire terminale ovale et nette-
ment decalee par rapport a la pelote. 

Spire : 5-5-!. 
Loges : 6-!-7. 
Sutures : profondes. 
Diametre : 650-700 µ. 
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DESCRIPTION 

Les spires initiales, croissant lentement en hauteur, forment une 
pelote allongee caracteristique. Les divisions en pseudologes rudimen
taires a l'origine passent progressivement a une septation tres bien 
developpee au dernier tour. C'est le plus bel exemple de Septaglomo
spiranella connu en Europe occidentale. Les loges sont tres bombees, 
legerement dissymetriques, au dernier tour. La paroi est microgrenue 
et epaisse de 20 µ environ. 

RAPPORTS ET DIFFERENCES 

- Differe de Septaglomospiranella comblaini (C. & L.), a laquelle 
elle ressemble, par son mode d'enroulement, une taille superieure, un 
plus grand nombre de spires. Aucun intermediaire n'a ete decouvert 
entre Sept. comblaini et cette espece qui coexistent dans le Calcaire 
noir d' A vesnelles. 

- Differe de Chern. (?) gutta nov. sp., presente dans les memes 
couches, par une plus grande taille et un plus grand nombre de spires 
et de loges qui sont en outre moins dissymetriques. Le mode d'enroule
ment est neanmoins identique. 

REPARTITION STRATIGRAPHIQUE 

France : Tnl b, Synclinorium de Dinant (Avesnois). 

Tournayellina (Tournayellina) beata (Malakhova) 

(Pl. 12, fig. 120 Pl. 13, figs. 132-138) 

1955 - Toumayellina vulgaris Lip. - Lipina, p. 52; pl. V. fig. 21 ; pl. VI, 
fig. 1. 

1956 - Endothyra (?) beata Malakh. - Malakhova, p. 109, pl. IX, fig. 10-12. 

1965 - Tournaye//ina (Tournayellina) beata (Mal.) - Lipina, pp. 78-79 ; pl. 
XVII, fig. 21-23 ; pl. XVIII, fig. 1-8. 

DIAGNOSE 

Enroulement : planispiral ou legere distorsion initiale. · 
Spires : 1 ! environ. 
Loges: 3-4. 
Sutures : habituellement nettes. 
Diametre: 340-540 µ. 

DESCRIPTION 

La spire croit tres rapidement en hauteur, les 1 a 2 dernieres loges 
devenant tres spacieuses. Les loges sont separees par des constrictions 
de la paroi pouvant se prolonger en septa. La paroi microgrenue a 
grenue est tres epaisse, atteignant OU depassant 50 µ. 
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REPARTITION STRATIGRAPHIQUE 

URSS : depuis la zone a Quas. kobeitusana jusqu'a !'horizon de 
Louniev. 

France et Belgique : Tnl a, Tnl b et Tn3a, Synclinorium de Dinant). 

ENDOTHYRIDAE 

Avesnella nov. gen. 
(Pl. 8, figs. 22, 23, 28-35) 

Espece type : Avesnella streeli nov. sp., pl. 8, fig. 32. 

DIAGNOSE 

Enroulement : variable, tendance frequence a la surelevation de la 
derniere loge, pouvant aller jusqu'a la formation d'une partie 
rectiligne uniseriee. 

Ouvertures : surelevees par des bourrelets situes dans le prolongement 
des septa. L'ouverture terminale est criblee. 

Paroi : microgrenue a grenue. 

DESCRIPTION 

La division en loges de la spire rappelle tout a fait celle des Endo
thyra. Les bourrelets font souvent songer au premier abord a de simples 
depots supplementaires ; les sections obliques ou tangentes au plan 
equatorial montrent cependant leur relation avec les septa, comme 
chez Paraendothyra cummingsi (C & L.) (Conil 1968, pl. II, fig. 16). 
Le crible, toujours present dans la derniere loge, pourrait egalement 
exister dans l'avant-derniere. 

Les sections de parties uniseriees parfois de grande taille (fig. 3 8) 
observees dans les memes lames pourraient laisser croire que ce genre 
est susceptible de renfermer de grandes especes deroulees comme il en 
existe chez les Haplophragmellinae. 

RAPPORTS ET DIFFERENCES 

Par ses caracteres endothyroi'des, sa tendance au deroulement et 
son ouverture criblee, ce genre se situe parmi les Haplophragmellinae, 
dont il est le seul a posseder des ouvertures surelevees. 

- Differe d' Endothyra par ses ouvertures surelevees et son crib le 
terminal, ainsi que par ses deroulements uniseries. 

- Differe de Paraendothyra par son crible terminal, ses irregularites 
d'enroulement, son caractere mains involute et dans certains cas par 
son deroulement uniserie. 
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- Differe de Cribrospira par ses ouvertures surelevees, ses irregu
larites d'enroulement, une croissance plus lente des dernieres loges, 
la presence d'un eventuel deroulement uniserie. 

- Differe de Mikhailovella par la surelevation des ouvertures et un 
moindre developpement des cribles. 

- Differe de Mstinia par la surelevation des ouvertures et la pre
sence de loges au debut de l'enroulement. 

ESPECES 

3 especes au mains existent : Av. streeli nov. sp., Av. pusilla nov. 
sp., Av. mourloni nov. sp. 

D'autres sections montrant des developpements differents de la taille 
generale ou du deroulement uniserie laissent supposer l'existence d'au
tres especes, a mains qu'il ne s'agisse d'organismes differents OU de 
variations importantes des 3 especes ici decrites. Voir figs. 26, 27, 28, 
37, 38. 

REPARTITION STRA TIGRAPHIQUE 

France : Fa2d, Synclinorium de Dinant (Avesnois). 

Tch6coslovaquie: cf. Septabrunsiina (Rectoseptabrunsiina) postchu
sovensis Lipina, rencontre au meme niveau en Moravie (Dvorjak & 
Conil 1968, pl. 1, fig. 18) est peut-etre a rapporter aux Avesnella. 
11 est cependant malaise d'etablir sur cet unique specimen si les spires 
internes de la partie enroulee comportent des loges vraies ou des 
pseudologes. 

Avesnella streeli nov. sp. 
(Pl. 8, figs. 32-35) 

1968 - Paraendothyra sp. - Conil & Lys, p. 523, fig. 127. 

Derivatio nominis : nous dedions cette espece au Dr. Maurice Streel, 
de l'Universite de Liege. 

Holotype: RC 6512, pl. 8, fig. 32. 
Locus typicus : tranch6e d'Avesnelles (Avesnes 3/91). 
Stratum typicum: Fa2d. 

DIAGNOSE 

Enroulement : presque plan ou plus ou mains distordu. 
Spires : 2!-3-!-. 
Loges : 6!-8. 
Sutures : bien marquees. 
Diametre: 580-690 µ. 
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DESCRIPTION 

La spire, relativement haute a l'origine, s'eleve lentement au cours 
de la croissance jusqu'aux dernieres loges qui tendent a se surelever 
nettement. Ce caractere n'est bien apparent que sur les sections traver
sant les dernieres loges en leur milieu. Les loges sont bien arrondies et 
separees par des septa courts, inclines suivant la courbure des toits, 
ainsi que par des bourrelets puissants surelevant les ouvertures. Ces 
bourrelets peuvent apparaitre bien avant le dernier tour. La paroi est 
microgrenue a grenue, son epaisseur oscille entre 20 et 30 µ. 

La variabilite de cette espece, assez grande, porte essentiellement sur 
le nombre de loges (figs. 33 et 34) et sur la distorsion de l'enroulement, 
les formes regulieres etant les plus courantes (figs. 34 et 35). 

RAPPORTS ET DIFFERENCES 
- La ressemblance est grande avec Paraendothyra praetuberculata 

(C. & L.) qui est chronologiquement posterieure (sommet du Tnla). 
Av. streeli possede neanmoins une surelevation terminale, une ouver
ture criblee et des bourrelets d'ouverture precoces se situant dans le 
prolongement des toits. Certaines sections de ces deux especes pre
sentent de grandes similitudes lorsque les caracteres generiques des 
Avesnella n'apparaissent pas en raison de !'orientation de la coupe. 

REPARTITION STRATIGRAPHIQUE 
France : Fa2d, Synclinorium de Dinant (Avesnois). 

Avesnella pusilla nov. sp. 
(Pl. 8, figs. 22, 23) 

1967 - P/ectogyra praetuberculata Conil & Lys - Conil & Lys, pl. I, fig. 2 
seulement. 

Derivatio nominis : pusillus, de petite taille. 
Holotype : RC 6515 ; pl. 8, fig. 22. 
Locus typicus : tranchee d'Avesnelles (Avesnes 3/91). 
Stratum typicum : Fa2d. 

DIAGNOSE 
Enroulement : distorsion faible a nette. 
Spires : 2!-3. 
Loges: 5!-7. 
Sutures : bien marquees. 
Diametre: 450-540 µ. 

DESCRIPTION 
La spire s'eleve lentement au cours de la croissance, la hauteur de 

la demiere loge restant moderee, peu OU a peine surelevee. Les loges 
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sont bien arrondies et separees par des septa courbes dans le prolon
gement des toits. L'elevation des ouvertures n'apparait bien qu'a la fin 
de l'enroulement. La paroi est microgrenue a grenue et mesure environ 
20 µ. 

RAPPORTS ET DIFFERENCES 

- Differe d'Av. streeli nov. sp. par la constance d'une taille infe
rieure (580-690 µ chez cette espece), la surelevation moindre a la fin 
de l'enroulement et !'apparition plus tardive et moins prononcee des 
ouvertures surelevees. C'est une espece d'Avesnella aux caracteres 
generiques moins prononces que chez l'espece type. Dans des sections 
deforables elle pourrait etre confondue avec de petites Endothyra 
parakosvensis Lipina. 

- Differe d'Av. mourloni nov. sp., dont la partie enroulee a les 
memes dimensions, par !'absence de deroulement uniserie. 

REPARTITION STRATIGRAPHIQUE 

France : Fa2d, Synclinorium de Dinant (Avesnois). 

Avesnella mourloni nov. sp. 
(Pl. 8, fig. 29-31) 

1968 - Paraendothyra sp. forma recta - Conil & Lys, p. 523, fig. 128. 

Derivatio nominis : nous dedions cette espece a M. Mourlon qui contri
bua largement a la connaissance du Famennien a la fin du siecle 
dernier. 

Holotype: RC 6315, pl. 8, fig. 25. 
Locus typicus : Avesnelles (Avesnes 3). 
Stratum typicum: Fa2d. 

DIAGNOSE 

Enroulement: 2!-3 spires enroulees ; 2 loges alignees. 
Loges enroulees : 5-7. 
Sutures : bien marquees. 
Spires : 3 environ. 
Hauteur totale: 480-650 µ ; diametre de la partie enroulee: 370-480 µ. 

DESCRIPTION 

L'enroulement des spires initiales parait quelconque, parfois assez 
regulier, parfois tres irregulier. Les septa apparaissent tot, sans qu'il 
soit possible de les reconnaitre tout au debut de l'enroulement en raison 
de sa densite ou de son irregularite. Les loges de la derniere spire 
enroulee sont separees par des septa bien developpes limitant des 
embouchures nettement surelevees. La paroi est microgrenue a grenue 
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et epaisse de 15 a 25 µ. La variabilite de cette espece parait assez 
grande et affecte principalement la regularite d'enroulement, et la den
site des loges enroulees. 

RAPPORTS ET DIFFERENCES 

- Differe de Rectoseptaglomospiranella elegantula Reidinger par 
un developpement septal plus pousse et par l'elevation des embouchures 
au mains dans la derniere demi-spire enroulee. 

- Differe de Septaglomospiranella (Rectosept.) postromanica Lip. 
par la presence d'embouchures surelevees dans la derniere demi-spire 
enroulee, au moins. 

REPARTITION STRATIGRAPHIQUE 

France : Fa2d, Synclinorium de Dinant (Avesnois). 

DIAGNOSE 

A vesnella aff. mourloni Conil & Lys ? 

(Pl. 7, fig. 2 - Pl. 8, fig. 37) 

Enroulement : pelote initiale ; partie deroulee uniseriee avec 4 loges. 
Spires enroulees : 2!-3 ? 
Loges (partie enroulee): environ 7. 
Sutures : legeres. 
Diametre de la pelote : 400 µ. 
Diametre de la partie deroulee : 280-310 µ. 
Longueur totale (maximum): 950 µ. 

DESCRIPTION 

La spire s'eleve lentement au cours de la croissance. Les loges sont 
arrondies et symetriques. La partie deroulee est rectiligne et reguliere. 
La paroi est microgrenue, renferme de rares inclusions et a une epais
seur voisine de 20-25 µ. 

RAPPORTS ET DIFFERENCES 

- La ressemblance de nos specimens est assez grande avec Septa
glomospiranella (Rectoseptaglomospiranella) postromanica Lipina. 
Deux caracteres semblent cependant les en separer, mais necessitent 
une confirmation avant de justifier une diagnose definitive : la presence 
d'un crible terminal et la surelevation de l'ouverture dans la partie 
enroulee. Ce sont precisement les criteres qui permettraient l'attribu
tion de ces specimens aux A vesnella. Ils auraient dans ce cas le carac
tere de deroulement l' A. mourloni n. sp., mais nous ignorons encore 
jusqu'a quel point son degre de developpement peut avoir une valeur 
specifique. L'exemplaire avec le plus grand deroulement rencontre a ce 
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meme niveau atteint 1.370 µ. Son attribution generique reste douteuse 
en !'absence de la partie initiale (pl. 8, fig. 38). 

- D'autres exemples de formes deroulees avec ouvertures surelevees 
existent dans la litterature : 

B. Tchouvashov 1965, pl. 11, fig. 2 (horizon a Quas. communis) 
(Tchouvashov & Mq~akhova 1965). 

S. Rozovkaja 1963, pl. 5; fig. 6 (Viseen superieur). 

L'ouverture terminale n'est malheureusement pas apparente sur ces 
interessantes figurations. 

REPARTITION STRATIGRAPHIQUE 

France : Fa2c et Fa2d, Synclinorium de Dinant. 

Endothyra concavacamerata (Lipina) 

(Pl. 10, figs. 67-69, 72, 73, 79) 

Cette espece, caracterisee par son enroulement irregulier, est bien 
representee dans les Schistes de l'Epinette. Lorsque la section des pre
miers tours est confuse, il est malaise de la distinguer de certaines 
Septaglomospiranella. La figure 71 de la planche 10 montre une section 
de Septaglomospiranella dont les demiers tours sont identiques a ceux 
d'End. concavacamerata (Lip.) subsp. globosa C. & L. La differen
ciation de la paroi n'est pas souvent evidente chez les premieres 
Endothyra, ce qui accroit les risques de confusion. 

Endothyra parakosvensis Lipina 

Pl. 7, figs. 3, 4 - Pl. 10, figs. 63-65, 74-77 - Pl. 12, figs. 101-103 -
Pl. 13, fig. 11) 

Nous avons distingue anterieurement 4 varietes dont plusieurs se 
rencontrent frequemment ensemble. 11 est interessant de noter que la 
taille moyenne s'accroit au cours du Fa-Tnl, ainsi que la frequence des 
specimens doubles d'une couche radiee. Le tectum apparait egalement 
de fa<;on plus nette lorsqu'on s'eleve dans les Schistes de l'Epinette. 

Quasiendothyra communis (Rauser-Tchernoussova) 

Quas. communis subsp. communis abonde dans Jes schistes de 
l'Epinette, depuis la variete umbilicata (ombiliquee) jusqu'a la variete 
turbida (renflee axialement). La variation est considerable. 

Quas. communis subsp. regularis montre des variations allant de 
la forme typique a la variete delicata (tres comprimee) OU a Ja variete 

258 



oscillante se rapprochant de la sous-espece communis. Des specimens 
de grande taille existent deja vers le milieu du terme K (pl. 9, figs. 59, 
60). 

La coexistence des sous-especes communis et regularis dans l'Aves
nois souleve le probleme de leur autonomie. D'autre part, un trait 
remarquable de !'evolution des Quasiendothyra est !'apparition d'une 
couche radiee interne au niveau des Schistes de l'Epinette. 

Cette particularite peut affecter a des degres divers les Quasiendo
thyra communis de tous types. Le facies des couches inferieures au 
terme J etant peu favorable, il est difficile de preciser ici la premiere 
apparition de la variete radiata (a couche radiee interne). A en juger 
par son caractere encore hesitant dans le terme J, on peut estimer que 
cette differenciation se produit au niveau du terme I, et devient rapide
ment nette dans toute l'epaisseur des Schistes de l'Epinette. Elle don
nera naissance a la lignee des grandes Quasiendothyra kobeitusana qui 
caracterisent la zone superieure. 

L'on peut se demander s'il n'y aurait pas lieu d'inverser la hierarchie 
dans la classification des petites Quasiendothyra, en y distinguant les 
especes communis et radiata, possedant toutes deux une large plage 
de variabilite dans le mode d'enroulement, depuis les formes aplaties 
et ombiliquees jusqu'aux formes a spires internes saillantes. 

IV. CONCLUSIONS 

A. Distribution geographique des Quasiendothyra 
et influences ecologiques 

En Belgique, les possibilites de reconstituer !'evolution des Quasi
endothyra a la limite du Famennien et du Toumaisien sont tres limitees, 
les couches inferieures a la zone a Quas. kobeitusana etant le plus 
souvent defavorables aux Foraminiferes pluriloculaires. 

a) Dans les regions recifales de l'Est, le premier biostrome a Stroma
topores avec Quas. communis var. radiata est separe du deuxieme 
biostrome avec Quas. kobeitusana (pl. 12, fig. 115) par 3 a 5 m de 
schistes et de gres qui, dans une coupe relativement condensee si on la 
compare a celle d'Avesnelles, peuvent representer un laps de temps 
appreciable durant lequel se deroule une partie interessante de !'evolu
tion des Quasiendothyra. 

b) Dans le Condroz, les facies terrigenes sont trop defavorables. De 
petites Quas. kobeitusana ont ete rencontrees dans les premiers banes 
de calcaire franc a Royseux. 
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c) Dans la vallee de la Meuse et la region de Walcourt, les couches 
inferieures au « Strunien calcaire » restent tres defavorables, a quelques 
exceptions pres. C'est ainsi qu'a Hastiere, la moitie superieure du 
« Strunien greseux » renferme une belle association de Quasiendothyra 
bilaminaires dont Quas. kobeitusana. Les 15 premiers metres de « Stru
nien calcaire » sont d'une richesse exceptionnelle en Endothyra, les 
alternances schisto-calcaires superieures etant beaucoup plus pauvres. 

D'une fa<;on generale, les milieux favorables aux Coraux et Stromato
pores, jouant dans deux regions un role de constructeurs, renferment 
une belle faune d'Endothyra et de Quasiendothyra. Les calcaires cepen
dant plus purs du Tnl b ne sont guere favorables aux Hydrozoaires, pas 
plus qu'aux Foraminiferes ; il faut y voir !'influence de facteurs autres 
que ceux de la profondeur ou de la purete des eaux. II parait done peu 
probable a l'heure actuelle de decouvrir dans ces regions la partie 
tout a fait superieure de la zone a Quas. kobeitusana caracterisee par 
les tres grandes especes bilaminaires. 

La disparition de la faune a Quasiendothyra est brutale dans le Tnl b. 
Dans les regions centrales (Meuse, Hoyoux), aucun Foraminifere 
endothyro'ide n'est connu dans les equivalents lithostratigraphiques du 
Tnl b o:-~. Dans les regions recifales de l'Est, vers lesquelles tous les 
phenomenes rythmiques s'amortissent, la disparition des Hydrozoaires 
et des Quasiendothyra est un peu mains brusquee. Quelques Stroma
topores subsistent a la base du « Tnl b » de Theux, tandis que la coupe 
de Dolhain contient en position identique quelques rares Quasiendo
thyra bilaminaires, temoins du stade ultime de developpement de cette 
lignee interrompue ici par des conditions ecologiques defavorables. 

L'influence des facteurs ecologiques locaux OU generaux, sur la pre
sence et le type d'association des Foraminiferes apparait ainsi claire
ment. Le degre d'evolution des divers assemblages, qui dans une coupe 
se succedent parfois de fa<;on ephemere au gre des migrations, reste 
neanmoins un guide efficace de l'echelle chronologique. 

Dans l'Avesnois, les Hydrozoaires disparaissent aussi brutalement 
que les Quasiendothyra a la base du Calcaire noir d'Avesnelles, dans 
lequel les Endothyra sont peu communes ; d'autre part, les Tournayel
lidae prennent dans ce milieu un developpement qu'on ne leur connait 
nulle part ailleurs a ce niveau. II ressort ainsi clairement qu'en facies 
calcaire franc, les exigences des Tournayellidae peuvent etre sensible
ment differentes de celles des Endothyridae. L'essentiel est de pouvoir 
utiliser au maximum toutes les familles presentes en connaissant les 
caracteres de degenerescence accidentels dus a des facteurs ecologiques 
parfois tres localises et selectifs. 
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B. Repartition stratigraphique des associations guides de foraminiferes 
dans le Famennien et le Tournaisien inferieur - Belgique et A vesnois 

Nos figurations, de meme que nos descriptions anterieures de faunes 
famenniennes (Bouckaert, Conil & Thorez 1967) montrent, notam
ment dans la coupe de reference d' A vesnelles, une zonation micro
paleontologique tout a fait differente de celle utilisee par B. Mamet 
depuis 1965 (Mamet 1968). Les donnees actuelles peuvent se resumer 
de la fa<;on suivante : 

Fa2a 

Fmlc, Bouckaert, Conil & Thorez 1967 
Fa2a, Bouckaert, Streel & Thorez 1968 

Apparition des Eoquasiendothyra dont la plupart paraissent tres 
primitives, proches des Tournayellidae et difficilement identifiables. 
Septatournayella rauserae Lipina (Bouckaert, Conil & Thorez 1967). 
Glomospiranella, Septaglomospiranella, Septabrunsiina communes 

(Bouckaert, Conil & Thorez 1967). 
Quas. (Eoquasiendothyra) bella Tchern. (Bouckaert, Conil & Thorez 

1967, fig. 60). 
Quas. (Eoquasiendothyra) tres primitives (Bouckaert, Conil & Thorez 

1967, fig. 49-59). 
Disonella lucens Conil & Lys 1964 (fig. 155-157). 

Fa2b 

Fm2a, Conil & Lys 1968 
Fa2b, Bouckaert, Streel & Thorez 1968 

Premieres Quasiendothyra communis connues en Europe occidentale. 

Eoquasiendothyra et Eoendothyra diverses (Conil & Lys 1968, fig. 124, 
125). 

Quas. (Eoendothyra) communis subsp. communis (Rauser-Tch.), petites 
formes de 380 µ, avec 10-12 loges (Conil & Lys 1968, fig. 126). 

Fa2c 

Fm2b, Conil & Lys 1964-1968 
Fa2c, Bouckaert, Streel & Thorez 1968 

Seule la tranchee d'Avesnelles nous a fourni des faunes de Fora
miniferes a ce niveau, les couches equivalentes en Belgique ayant en 
general un caractere trop peu marin. 

Septabrunsiina (Rectoseptabrunsiina) postchusovensis Lipina 
Avesnella aff. mourloni nov. sp.? 
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Fa2d 

Schistes de l'Epinette, termes I-J 
Partie superieure des Schistes de Sains 
Strunien schisteux, Conil & Lys 1961-4 

Tnlaa, Conil & Lys 1967 
in Schistes de l'Epinette, Conil & Lys 1967 

Partie inferieure du Fa2d, Bouckaert, Streel & Thorez 1968 

Premiere apparition des parois bilaminaires chez les Quasiendothyra. 
Le terme J se situe en pleine zone a Quas. communis. 

Quas. (Eoendothyra) communis subsp. communis (Raus.-Tch.). 
Quas. (Eoendothyra) communis subsp. communis (Raus.-Tch.) var. 

radiata. 
Quas. (Eoendothyra) communis subsp. regularis Lipina. 
A vesnella abondantes. 
Endothyra parakosvensis Lip. var. nigra. 

Schistes de l'Epinette, termes K-N 
Partie superieure des Schistes de Sains 

Strunien greseux (partie inferieure), Conil & Lys 1961-4; 
Tnla~, Conil & Lys 1967 

in Schistes de l'Epinette, Conil & Lys 1967 
Partie superieure du Fa2d sensu Bouckaert, Streel & Thorez 1968 

Developpement des parois bilaminaires chez les Quasiendothyra et 
les Endothyra ; la taille des especes devient grande. 

Quas. (Eoendothyra) communis subsp. communis (Raus.-Tch.). 
Quas. (Eoendothyra) communis subsp. communis (Raus.-Tch.) var. 

radiata. 
Quas. (Eoendothyra) communis subsp. regularis Lipina (de grande 

taille). 
Quas. (Eoendothyra) conununis subsp. regularis Lipina var. radiata 
Quas. (Klubovella) monolaminaires. 
Endothyra parakosvensis Lip. var. nigra & struniana. 
Endothyra concavacamerata (Lipina). 
Septabrunsiina kingirica (Reitlinger). 
Paracaligella antropovi Lip. subsp. florennensis Conil & Lys. 
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Schistes de l'Epinette, termes 0-P 
Sommet des Schistes de Sains 

Strunien greseux (partie superieure), Conil & Lys 1961-4 
Tnla~ (erronement), Conil & Lys 1967 

in Schistes de l'Epinette, Conil & Lys 1967 



Apparition de Quas. (Quasiendothyra) kobeitusana subsp. kobeitusana 
(Raus.-Tchern) (pl. 11, figs. 99, 100). 

Nombreuses Endothyra parakosvensis et Quasiendothyra communis. 

Tnla 

Calcaire d'Etroeungt (sensu lato) 
Strunien calcaire, Conil & Lys 1961-4 

Tnlay, Conil & Lys 1967 
Quas. (Quasiendothyra) kobeitusana subsp. kobeitusana (Raus.-Tch.). 
Quas. (Quasiendothyra) konensis (Lebedeva). 
Quas. (Klubovella) bilaminaires (Conil & Lys 1967, fig. 9). 
Endothyra praetuberculata Conil & Lys. 
Septatournayella rauserae Lipina. 
Tournayellina beata (Malakh.). 
Paracaligella antropovi Lip. subsp. florennensis C. & L. 

Tnlb 

Calcaire et schistes d'Hastiere (Belgique) 
Calcaire noir d'Avesnelles (Avesnois) 

Quas. (Quasiendothyra) kobeitusana (Raus.-Tch.) (1) est rare, en 
raison de conditions ecologiques defavorables, dans le massif de la 
Vesdre. Seul le Calcaire noir d' A vesnelles offre une belle succession de 
Foraminiferes du Tnlb : 
Parathurammina suleimanovi Lipina. 
Bisphaera irregularis Birina. 
Archaesphaera minima Suleimanov. 
Earlandia elegans (Raus.-Tch. & Reitl.). 
Earlandia vulgaris (Raus.-Tch. & Reitl.) var. minor. 
Glomospiranella avesnensis Conil & Lys (Conil & Lys 1964, fig. 

161-165). 
Septaglomospiranella comblaini (Conil & Lys). 
Septaglomospiranella perfecta nov. sp. 
Septabrunsiina kingirica (Reitlinger) (commune). 
Septabrunsiina multivoluta Conil & Lys (Conil & Lys 1964, fig. 188). 
Septabrunsiina krainica (Lipina) subsp. globosa Conil & Lys (Conil 

& Lys 1964, fig. 184-187). 
Chernyshinella glomiformis (Lipina). 
Chernyshinella (?) gutta nov. sp. 

(1) Nous apprenons que le specimen fig. 806 de 1964 (Conil & Lys 1964), posse
dant un enroulement different des Quasiendothyra kobeitusana typiques, est 
decrit en URSS comme une espece nouvelle (Grozdilova). 
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Chernyshinella glebovskayae (Dain). 
Tournayellina beata (Malakhova) (commune). 
Endothyra parakosvensis Lip. var. nigra. 

SIG LES 

RC Collection R. Conil, Institut de Geologie, 6, rue St-Michel, 
Universite de Louvain. 
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Spore Assemblages 
from the Devonian-Carboniferous Transition Measures 

in South-West Britain and Southern Eire 

G. DOLBY 1 

With 2 text-figures and plate 14. 

ABSTRACT. 

Three successive spore assemblages are described from four different loca
lities in Western England, South Wales and Southern Eire, showing the transition 
between Old Red Sandstone and Lower Limestone Shales (Devonian/Carboni
ferous). They characterise the following assemblage zones : (1) Hymenozono
triletes lepidophytus Zone, (2) Verrucosisporites nitidus Zone, and (3) Vallati
sporites vallatus Zone. Tentative correlations with the Belgian spore sequence 
are proposed. 

RESUME. 

Trois associations successives de spores sont decrites de quatre localites 
en Angleterre, Pays de Galles et Irlande, contenant des couches de transition 
entre le Devonien et le Carbonifere. Les zones correspondantes sont caracte
risees par : (1) Hymenozonotriletes /epidophytus, (2) Verrncosisporites nitidus, 
et (3) Val/atisporites vallatus. Des tentatives de correlations avec Jes zones 
palynologiques reconnues en Belgique sont proposees. 

I. INTRODUCTION 

The present author, in collaboration with Dr. R. Neves (Neves & 
Dolby 1967, Dolby & Neves, in press), has described some aspects of 
the microflora which characterises the Old Red Sandstone-Lower 
Carboniferous transition measures in Burrington Combe, Mendip Hills, 
England. Since then the project has been extended to include sections 
throughout the South-Western Province of Britain (see George 1958, 
p. 229, fig. 1) and southern and south-western parts of Eire. 

1 Geology Department King's College, Strand, London W.C. 2, England. 
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The aim of the project has been to establish a palynological correla
tion framework for the uppermost Devonian-lowermost Carboniferous 
measures in the southern British Isles. Lateral studies of these measures 
could be expected to lead to a greater understanding of the facies 
changes associated with the Upper Devonian-Lower Carboniferous 
marine transgression. 

This short contribution is a progress report. A more comprehensive 
paper will eventually be published. 

II. LOCALITIES 

The main localities studied are shown in text-fig. 1. This paper is 
only concerned with the Baggy Point, Burrington Combe, West Angle 
Bay and Hook Head sections (see text-fig. 2). 

0 50 100 MILES 
'--~~~.._~~---

50 100 150 KM 

Fig. 1. - Map showing the positions of the principal sections of Devonian
Carboniferous studied by the author. 

A. The Baggy Point section (Devonshire, England). 

The Upper Famennian-Lower Carboniferous rocks exposed in the 
Barnstaple area of North Devon are entirely marine. The lower part 
of the Baggy Point section consists of Baggy Beds, approximately 
1,400 feet of sandstones and siltstones containing plant remains, and 
representing a near shore facies (Goldring, in Goldring et al. 1967. 
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p. 13). These grade into the finer grained rocks of neritic facies of the 
Pilton Beds, of which only the lower parts are exposed in this section. 

Goldring (1955, 1957), has correlated the lower Pilton Beds with 
the W ocklumeria Zone (VI) of the Famennian. The Baggy Beds are 
thought to be probably equivalent to Clymenia Zone (Goldring 1962). 

B. The Burrington Combe section (Mendip Hills, England) 

In Burrington Combe the section includes both non-marine and 
marine measures. The change from the essentially terrestrial Old Red 
Sandstone facies of the Portishead Beds to the marine Lower Lime
stone Shales is extremely rapid and the two formations, which appear 
to be completely conformable, can easily be separated. The lithologies 
represented are red and grey siltstones, sandstones and conglomerates 
of the Portishead Beds, followed by 500 feet of dark grey marine shales, 
siltstones and thin limestones of the Lower Limestone Shales. 

C. The West Angle Bay section (Pembrokeshire, South Wales). 

The Upper Old Red Sandstone in Pembrokeshire is represented by 
the Skrinkle Sandstone beds which are completely exposed, together 
with the overlying Lower Limestone Shales, in the northern part of 
West Angle Bay. They consist of 400 feet of red, green and grey silt
stones, red sandstones and conglomerates passing up into approxima
tely 560 feet of dark grey siltstones, shales and thin limestones which 
constitute the Lower Limestone Shales. The boundary between the 
two formations is gradational ; red beds alternating with dark grey 
siltstones for a few feet. 

D. The Hook Head section (County Wexford, Eire) 

The Upper Old Red Sandstone (Kiltorcan Beds) is well exposed on 
Hook Head, County Wexford. It consists of conglomerates, red sand
stones and siltstones followed by about 550 feet of red sandstones, 
siltstones, occasional conglomerates and black or dark grey siltstone 
horizons. This formation passes abruptly, but with no apparent uncon
formity, into 90 feet of grey siltstones and sandstones which form the 
marine Transition Beds and Grey Sandstone Group. The succeeding 
Fish Shales consist of 70 feet of black phosphatic shales with thin 
limestones. The latter become more frequent towards the top and pass 
into alternating thin shales and limestones of the Michelinia favosa 
Beds, of the Zaphrentis Zone (Smyth 1930, pp. 529-532). The Transi
tion Beds, Grey Sandstone Group and Fish Shales together form the 
Lower Limestone Shales. 
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III. THE SPORE ASSEMBLAGES 

Three main assemblage zones can be recognised : 
3. Vallatisporites vallatus Zone; 
2. V errucosisporites nitidus Zone ; 
1. Hymenozanotriletes lepidophytus Zone. 

1. The Hymenozonotriletes lepidophytus Zone. 

This zone is characterised by an abundance of H. lepidophytus Kedo 
and V allatisporites pusillites (Kedo) Dolby & Neves. Accessory spores 
include Raistrickia variabilis Dolby & Neves, Dictyotriletes sub
alveolaris (Luber) Potonie & Kremp, D. trivialis Naumova (in Kedo 
1963), Corbulispora cancellata (Waltz) Bharadwaj & Venkatachala, 
Knoxisporites literatus (Waltz) Playford, Spinozanotriletes uncatus 
Hacquebard, and Hymenozanotriletes famenensis Kedo. H. famenensis 
is more abundant in the lower parts of the zone and the muromate 
genera appear only in the higher part. 

2. The V errucosisporites nitidus Zone. 
This zone is characterised by V. nitidus (Naumova) Playford and 

V. (Lophotriletes) rotundus (Naumova) comb. nov. H. lepidophy
tus, V. pusillites and H. famenensis are absent and accessory spores 
include those from the previous horizon with Grandispora echinata 
Hacquebard, Hymenozonotriletes explanatus (Luber) Kedo, and Lopho
zanotriletes malevkensis (Naumova) Kedo. 

3. The Vallatisporites vallatus Zone. 

This zone is characterised by abundant V. vallatus Hacquebard and 
V. verrucosus Hacquebard together with most of the elements of 
assemblage zone 2. The zone is based on an epibole of these two spores, 
since occasional specimens are found in assemblage 1. It has proved 
useful in the correlation of sections in the South-West Province. 

IV. DISCUSSION 

Streel (1966, 1969) has divided the range of H. lepidophytus into five 
subzones, B to F, based on a study of the morphological variation with a 
detailed biometric analysis of the spore. The Baggy Beds and lower Pilton 
Beds correspond to the lower part of assemblage zone 1 and are older 
than zone F. A more precise qualitative dating cannot be given at this 
stage, although the use of biometric zonation suggests that the Baggy Beds 
and lower Pilton Beds are approximately equivalent in age to zones D 
and E (see text-fig. 2). The upper limit of the interquartile of the size range 
of H. lepidophytus decreases in successive populations, a trend recorded 
by Streel (1969), and the correlation is tentatively based on this feature. 
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In the Hook Head, West Angle Bay and Burrington Combe sections, 
only the upper part of assemblage zone 1 is present, i.e. the equivalent to 
zone F of Streel. Complete spore sequences cannot be obtained in these 
sections due to the presence of Old Red Sandstone facies. Therefore, the 
relationship between assemblages 1 and 2 is difficult to determine, since 
there are always red beds between them. 

At Hook Head assemblage zone 1 is found from 415 feet to 380 feet 
below the Lower Limestone Shales and assemblage 2 appears 155 feet 
below the Lower Limestone Shales. This gap of 225 feet contains mainly 
barren red beds with three horizons containing neither the H. lepidophytus 
nor the V. nitidus associations, but only the spores common to both assem
blages. 

At West Angle Bay, assemblage zone 1 occurs 40 feet below the Lower 
Limestone Shales and assemblage zone 2 occurs 16 feet below the Lower 
Limestone Shales. In Burrington Combe assemblage 1 occurs in two hori
zons 28 feet and 157 feet below the Lower Limestone Shales and here the 
intermediate assemblage, found at Hook Head, is present in horizons 5 feet 
or so on either side of the formational boundary. 

Assemblage 3 appears approximately 42 feet above the Old Red Sandstone 
at Hook Head and approximately 250 feet above the Old Red Sandstone 
at West Angle Bay and Burrington Combe. 

Text-fig. 2 shows the tentative correlations based on the above data. 

In the Burrington Combe section, the spore ranges imply that assemblage 
1 is terminated by the marine transgression which formed the Lower 
Limestone Shales and that assemblage 2 is only found in the latter beds. 
On the other hand, in the Hook Head sequence both these associations 
occur in non-marine strata. Acritarchs are also found with assemblage 1 in 
West Angle Bay and in the upper horizon of assemblage 1 in Burrington 
Combe ; thus indicating the presence of marine intervals within the predo
minantly terrestrial facies before the main transgression took place with the 
formation of the Lower Limestone Shales. 

V. CONCLUSIONS 

The three assemblage zones recognised for the Devonian/Carbon
iferous transition measures in the southern part of the British Isles 
do not correspond exactly to those reported by Streel (1969) for the 
Ardennes and the Rhenish Schiefergebirge. The upper part of assem
blage zone 1 (Hymenozonotriletes lepidophytus Zone) contains abun
dant murornate genera which have not been recorded by Streel in 
association with H. lepidophytus, but which occur at the base of the 
next zone in his scheme. Although in both cases the zone is based on 
the occurrence of H. lepidophytus, it may be that our zone 1 extends 
a little further upwards than does Streel's H. lepidophytus Zone. In 
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how far this is due to adverse facies control in the Belgian sequence 
remains to be seen. The V errucosisporites nitidus Zone, recognised in 
the present paper, corresponds to the earlier part of Streel's Corbuli
spora & H. explanatus Zone, whilst zone 3 (Vallatisporites vallatus 
Zone) corresponds to the later part of Streel's zone. 

The sections reported in the present paper are too few to permit 
an accurate picture to be drawn of the gradual progress of the « Lower 
Limestone Shale » marine transgression, which started in the Upper 
Devonian and continued into the Lower Carboniferous. Work on the 
exact dating of this transgression in different parts of the British Isles 
is in progress. 
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DISCUSSION 

T. N. George (question): Has Mr. Dolby any new information on the 
dating of the marine incursions with Spirifer verneuili in the Upper Old 
Red Sandstone of West Angle Bay, Pembrokeshire, South Wales? 

G. Dolby: Acritarchs have been found in the marine intercalations in 
the Skrinkle Sandstone of West Angle Bay. The stratigraphic use of these 
acritarchs has not yet been evaluated. 

R. L. Austin (comment) : I congratulate the speaker on his correlation of 
the marine and non-marine Upper Devonian and Lower Carboniferous 
rocks of Britain and Ireland with the sequence in Belgium. The results of 
conodont studies of the Hook Head sequence by Dr. Naylor (University of 
Birmingham) are awaited with interest. 
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Reflexions sur la £lore du Mont-Pele (Bassin d' Auton) 

J. DOUBINGER 1 

Avec 2 figures dans le texte et planches 15-17. 

RESUME. 

Une nouvelle etude de la flore (macro- et micro-) de la formation du 
Mont-Pele dans le bassin d'Autun montre tres clairement son age stephanien B. 
A cote des especes classiques du Stephanien fram,:ais on y trouve d'autres 
decrites du Stephanien espagnol. Il ressort de cette etude que l'hypothese de 
Pruvost, visant a une equivalence d'age entre l'Autunien d'Autun et le Houiller 
du Mont-Pele, ne peut pas etre retenue. On est conduit plutot a une interpre
tation qui se rapproche de celle donnee par Delafond, en admettant que 
l'Autunien est discordant sur le Stephanien B du Mont-Pele. 

ABSTRACT. 

A re-investigation of the macro- and microflora of the Mont-Pele Formation 
in the Autun basin shows that it is of Stephanian B age. Next to a large 
number of plants commonly found in the French Stephanian, also the presence 
of certain species described froni Stephanian B-C rocks in Spain has been 
noted. The present investigation tends to disprove Provost's hypothesis of the 
coal-measures of Mont-Pele being a lateral facies variant of the Autunian at 
Autun. It favours a modified version of Delafond's interpretation which puts 
the Autunian in an unconformable position with regard to the Stephanian of 
the Mont-Pele Formation. 

.. 
** 

La formation du Mont-Pele fait partie de la serie permo-carboni
fere du bassin d' Au tun. Placee avec quelques hesitations par Grand' 
Eury a la partie superieure de l'Etage d'Epinac, elle fut attribuee par 
lui aux couches de St-Etienne et plutot a la partie inferieure de cette 
serie (1877) (fig. 1-A). 

Delafond (1889) et Zeiller (1890) l'ont rangee a la partie superieure 
du Stephanien. Plus tard, cette assise fut consideree par P. Pruvost 

1 Centre de Recherche de Sedimentologie et de Geochimie de la Surface, 
1, rue Blessig, Strasbourg, France. 
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(1947), puis par J. Doubinger (1956) comme un facies lateral greseux 
des schistes bitumineux autuniens (fig. 1-B). La flore de cette forma
tion, tres riche, presente cependant des caracteres assez particuliers qui 
nous ont incites a en faire une etude plus precise. 

Bien que le gisement soit d'acces difficile actuellement, une impor
tante revision de la flore a pu etre faite grace a l'etude de nombreuses 
collections completees par quelques recoltes sur le terrain<1 l ; plus de 
600 individus ont pu etre ainsi inventories et determines. La plus 
grande partie de ces echantillons est conservee au Musee de la Societe 
d'Histoire Naturelle d'Autun; une petite collection se trouve aussi au 
Museum a Paris et quelques exemplaires a Strasbourg. Les 605 
empreintes appartiennent a 74 especes se classant en 37 genres diffe
rents. 

On y a reconnu les formes suivantes classees par familles. Entre 
parentheses, a cote de chaque nom d'espece, un chiffre indique le 
nombre d'individus qui ont pu etre examines. 

Sigillariacees : 

Sigillaria brardi Brongniart ( 4) 
Stigmaria ficoides Brongniart (1) 
Syringodendron sp. (1) 

Calamariacees : 

Calamites cisti Brongniart (19) 
C. cruciatus Brongniart (6) 
C. gigas Brongniart ( 4) 
C. suckowi Brongniart (5) 
C. undulatus Sternberg (1) 
Calamites sp. (7) 
Annularia stellata (v. Schlotheim) (20) 
A. sphenophylloides (Zenker) (11) 
Annularia sp. (1) 
Asterophyllites equisetiformis (v. Schlotheim) (20) 
Macrostachya carinata Germar (3) 

Sphenophyllees : 

Sphenophyllum oblongifolium (Germar & Kaulfuss) 

Zygopteridees : 
Zygopteris pinnata Grand'Eury (1) 

(1) Je tiens a remercier Monsieur J. de la Comble, secretaire general de 

la Societe d'Histoire Naturelle d'Autun qui a bien voulu m'accompagner sur 
Jes affleurements et me faciliter l'acces aux collections. 
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Pecopteridees : 
Pecopteris bredovi Germar (2) 
P. cyathea (v. Schlotheim) (9) 
P. daubreei Zeiller ( 4) 
P. densifolia Goeppert (10) 
P. feminaeformis (v. Schlotheim) (3) 
P. hemitelioides Brongniart (5) 
P. paleacea Zeiller (1) 
P. pectinata Bertrand (2) 
P. platoni Grand'Eury (1) 
P. plumosa-dentata (Artis) - Brongniart (3) 
P. polymorpha Brongniart (4) 
P. unita Brongniart (3) 
P. cf. arborescens (v. Schlotheim) (1) 
P. cf. elaverica Zeiller (1) 
Pecopteris fructifies (8) 

Sphenopteridees : 
Sphenopteris cf. helmigi Stockmans & Williere (1) 
Sph. biturica Zeiller (1) 
Sph. casteli Zeiller (2) 
Sph. rotundiloba Nemejc (1) 
Sphenopteris sp. (1) 
Sphenopteris fructifie (1) 
Ovopteris pecopteroides Landeskroener (1) 
Rhacopteris cf. courtini Zeiller (1) 

Alethopteridees : 
Alethopteris bohemica Franke (4) 
Al. leonensis Wagner (2) 
Al. zeilleri Ragot (169) (ex grandini Zeiller non Brongniart) 
Callipteridium pseudogigas Wagner (30) 
C. (Pee.) costei Zeiller (2) 
C. pteridium (v. Schlotheim) (7) 
C. zeilleri Wagner (2) 

Mariopteridees : 
Dicksonites sterzeli (Zeiller) (10) 
Pseudomariopteris busqueti (Zeiller) (1) 
Psm. ribeyroni (Zeiller) (8) 

N europteridees : 
Neuropteris cordata Brongniart (3) 
N. planchardi Zeiller (2) 
N. raymondi Zeiller (7) 
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Linopteris brongniarti (v. Gutbier) (1) 
Reticulopteris germari (Giebel) (2) 
Cyclopteris sp. (4) 

Odontopteridees : 

Odontopteris brardi Brongniart (1) 
0. genuina Grand'Eury (1) 
0. cf. bourranensis Doubinger & Vetter (1) 
0. minor-zeilleri Potonie (20) 

Cordaitales : 

Cordaites angulostriatus Grand'Eury (1) 
Cordaites sp. (indeterminees) (80) 
Dorycordaites zeilleri Ledran (1) 
Poacordaites sp. (1) 
Artisia sp. (moelle des tiges de Cordaites) (16) 
Cordaianthus sp. (1) 

Coniferales : 

Dicranophyllum gallicum Grand'Eury (34) 

Incertae sedis : 

Dolerophyllum pseudo-peltatum Grand'Eury (14) 
Dolerotheca fertilis (Renault) Halle (3) 

Graines et organes detaches : 

Aphlebia sp. (1) 
Pachytesta gigantea Grand'Eury (1) 
Rhabdocarpus subtunicatus Grand'Eury (1) 
Carpolithes sp. (1) 
Samaropsis sp. (1) 
Potoniea sp. (1) 
Acitheca sp. (1) 

De plus, une aile d'insecte a ete confiee pour etude a M. 
D. Laurentiaux<2 >. 

(2) Cette note etait deja a !'impression lorsque M. Laurentiaux, professeur a 
la Faculte des Sciences de Reims a bien voulu me communiquer le resultat de 
ses determinations et je l'en remercie vivement : « II s'agit d'une aile anterieure 
de Blattaire a texture mince appartenant a la famille des Poroblattinidae 
Handlirsch (probablement meme au genre Poroblattina) mais la nervation inter
calaire et le detail cubital et anal manquent. » ce qui n'en autorise pas la deter
mination specifique. Ce type de Blatte apparu au Westphalien superieur est 
connu jusqu'au debut du Secondaire. 
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Les formes les plus frequentes se repartissent quantitativement 
de la maniere suivante : 

Alethopteris 
Cordaites 
Pecopteris 
Annularia 
Calamites 
Callipteridium 
Dicranophyllum 
Odontopteris 
Dolerophyllum 
Neuropteris 

175 exemplaires 
83 » 
57 » 
42 » 
42 » 
41 » 
34 » 
23 » 
17 » 
13 » 

Ces chiffres n'ont qu'une signification tres relative, les lieux des 
recoltes etant concentres sur une surface peu etendue, leur ordre s'est 
cependant trouve confirme Iors d'une recolte recente sur les anciens 
affleurements. Ils peuvent done donner une certaine idee de la fre
quence relative des differentes formes. 

Dans cet ensemble il faut relever : 
- la tres grande frequence d'Alethopteris zeilleri et des Cordaites, 
- la frequence plus faible mais encore remarquable de Callipteridium 

pseudogigas, Dicranophyllum gallicum, Odontopteris minor-zeilleri, 
Dolerophyllum pseudo-peltatum ; 

- la variete des Pecopteris, Sphenopteris, Neuropteris; 
ces deux derniers genres n'etant cependant representes que par 
des echantillons isoJes ; 

- la presence d'especes speciales : Neuropteris raymondi, Spheno
pteris helmigi, Alethopteris leonensis, Callipteridium pseudogigas; 
ces 3 dernieres especes ont ete decrites dans le Stephanien B et C 
de la Cordillere cantabrique (Stockmans & Williere 1966, Wagner 
1966). 

L'ensemble de cette flore presente des caracteres stephaniens indis
cutables et plus particulierement ceux du Stephanien B : frequence 
d' Alethopteris zeilleri, de Callipteridium pseudogigas, d'Odontopteris 
minor-zeilleri, de Dicranophyllwn gallicum, des Cordaites. Cette asso
ciation est tres semblable a celles du Stephanien B de Blanzy, de Deca
zeville, de Decize. Par la presence de certaines especes speciales (Al. 
leonensis) elle rappelle de plus, les flores de quelques gisements du 
Stephanien moyen du Leon et des Asturies (Espagne). 

On y note, par ailleurs, la rarete des Odontopterls a pinnules opulen
tes, particulierement abondantes au sommet du Stephanien de Decaze
ville et de St-Etienne et !'absence d'autres formes caracteristiques du 
Stephanien C, tels Pecopteris major, Sphenophyllum angustifolium, Sph. 
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Ligendr: 1 cm=10% 
Fig. 2. - Frequences comparees des spores principales du Mont-Pele. 

tenuifolium, Sph. thoni (Doubinger & Vetter 1969). L'absence de 
formes dont la presence OU l'abondance caracterisent l'Autunien, merite 
particulierement d'etre soulignee ; il s'agit des Callipteris, de Taeniopte
ris multinervis, des W alchia. 

Deux hypotheses d'ordre stratigraphique peuvent se degager de ces 
observations : 

1) Si la formation etait veritablement un facies lateral de 
l'Autunien, comme on l'avait admis precedemment, nos observations 
enleveraient aux flores stephaniennes toute la valeur stratigraphique 
qu'on leur a attribuee jusqu'a present. Il faudrait admettre de tres 
importantes variations liees par exemple aux facies, a la situation geo
graphique, a !'altitude, aux microclimats... Dans cette hypothese, la 
plus grande partie des formations attribuees au Stephanien B, C (ou 
meme D) dans d'autres gisements, ne representerait plus qu'un facies 
« houiller » de l'Autunien. 

2) La formation du Mont-Pele serait stephanienne comme l'indique 
la flore et il faudrait revenir a !'interpretation de Delafond (1889), a 
moins qu'elle ne fasse partie du Houiller d'Epinac d'age stephanien 
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moyen, qui serait ainsi plus etendu (fig. 1-C). Les observations palyno
logiques (Doubinger 1968) seraient en faveur de cette derniere hypo
these qui confirmerait aussi les observations de Grand'Eury. L'histo
gramme de frequences des spores principales (fig. 2) presente en effet 
les caracteristiques du Stephanien B, notamment la frequence elevee 
des Thymospora (Liabeuf, Doubinger & Alpern 1967, p. 9), les Spino
sporites et les Polymorphisporites etant encore assez rares. Le Stepha
nien C tel qu'on le connai:t a Decazeville et dans certains bassins d'Es
pagne (Tineo, Villablino) manque done dans la serie de l'Autunois: 
l'Autunien y reposant directement sur un Stephanien B assez classique. 
Une telle succession est connue dans d'autres regions, en particulier a 
Lodeve et dans les petits bassins du Detroit de Rodez. 
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DISCUSSION 

R.H. Wagner (question): Tout d'abord je voudrais feliciter M 110 Doubinger 
pour son etude extremement importante qui souleve, encore une fois, le 
probleme de la signification reelle de l'Autunien. S'agit-il d'un facies special, 
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a flore differente, du Stephanien supeneur, OU est-il un etage autonome? 
M 11

• Doubinger, de fa<;:on tres objective, nous a laisse le choix entre les 
deux solutions possibles dans le cas releve : soit l'independance des couches 
du Stephanien superieur de celles de l'Autunien, d'age plus moderne ; soit 
le passage lateral de ces couches, de facies stephanien, aux couches autu
niennes a facies different. Meme si nous acceptons qu'un doute subsiste 
encore, je voudrais bien demander a M 110 Doubinger laquelle des deux 
solutions lui parait la plus probable, en tenant compte des donnees strati
graphiques de terrain qu'elle connait. 

J. Doubinger (reply) : La flore du Mont-Pele presente nettement les 
caracteres du Stephanien B, caracteres confirmes par la palynologie. 11 
s'agirait done d'une formation independante de l'Autunien. Mais le 
Stephanien C a flore typique manque, or la succession Stephanien B-Autu
nien s' observe aussi ailleurs, a Lodeve, dans le Detroit de Rodez, entre 
autres. Par contre, les formations a flore du Stephanien C sont rarement 
surmontees d'un Autunien caracteristique (par exemple, dans les bassins 
stephaniens des Asturies). On pourrait done admettre que l'Autunien est 
un facies special du Stephanien superieur, mais uniquement de ce dernier. 

T. N. George (question) : If the stratigraphic equivalence of Autunian 
and Stephanian C is established, is there then any justification for « Autun
ian » as the name of an independent stage ? 

I. Doubinger (reply) : L'Autunien correspondrait uniquement a la partie 
la plus elevee du Stephanien. Dans certains bassins, OU il est tres developpe 
(par exemple, Lodeve, la Provence), il y a un Autunien superieur qui ne 
peut plus etre considere comme equivalent du Stephanien C et qui renferme 
une flore comparable a celle du Koungourien (travaux en cours de publi
cation). Les correlations avec Jes series marines doivent etre prises en 
consideration. Peut-etre faudrait-il mieux parler de « facies autunien » que 
d'etage. 

M. Kaiserova-Kalibova (question) : Est-ce que c'est la presence de Calli
pteris conferta qui permet de distinguer le Stephanien de l'Autunien? 

I. Doubinger (reply) : Caltipteris conferta et d'autres especes de Callipteris 
sont, jusqu'a present, les plantes considerees comme caracteristiques de 
l'Autunien. 

H. Bode (question) : Le resultat de cette etude est-il que l'Autunien 
n'existe plus, parce que l'Autunien est le « prototype» du Permien infe
rieur? 

I. Doubinger (reply): Je pense que l'Autunien reste un « facies conti
nental » du Permien inferieur. Le « Stephanien C » en serait peut-etre, en 
tout ou en partie, un facies different, la ou la foret houillere a pu subsister 
plus longtemps. 

W.P. van Leckwijck (question): L'Autunien serait, si je comprends bien, 
pour vous, un etage a placer dans le Carbonifere plutot que dans le Permien, 
mais i1 devrait rester separe du Stephanien. 

J. Doubinger (reply): Je pense qu'on ne peut separer l'Autunien du 
Carbonifere mais qu'il faut le distinguer du Stephanien a cause de ses 
ressemblances avec le Permien inferieur des series marines. 
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Die « Hymenozonotriletes lepidophytus-Zone » 
auf der Bareninsel 

H. KAISER 1 

Mit 2 Abbildungen. 

RESUME. 

La zone a Hymenozonotriletes lepidophytus var. minor Kedo est identifiee 
dans la Tunheim-Serie de !'Ile aux Ours, avec la flore a Cyclostigma-Archaeo
pteris, Lophozonotriletes rarituberculatus Kedo et Hymenozonotriletes expla
natus Kedo y apparaissent en succession comme dans les regions ardenno
rhenanes. 

ABSTRACT. 

The zone of Hymenozonotriletes lepidophytus var. minor Kedo is found 
within the Tunheim Series of Bear Island, together with the Cyclostigma
Archaeopteris flora. Lophozonotriletes rarituberculatus Kedo and Hymenozono
triletes explanatus Kedo successively occur as in the Ardennes and Rhine regions. 

Die kohlenftihrende Tunheim-Serie der terrestrischen Ursasandstein
Formation auf der Bareninsel enthalt die von Heer (1871), Nathorst 
(1902) und Schweitzer (1967, 1968) beschriebene Cyclostigma
Archaeopteris-Flora. 

20 % 

10% 

26µ 36µ 76µ. Durch
messer 

Abb. 1. - GroBenvariation von Hymenozonotriletes lepidophytus Kedo 1957, 
auf der Bareninsel. 

Institut ftir Palaontologie der Rhein. Friedrich-Wilhelm-Universitat, Bonn, 

NuBallee 8, Deutschland. 
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Abb. 2. - Biireninsel-profil mit H. lepidophytus var. minor, enthaltend : 
Retusotriletes communis Naumova 1953, Retusotriletes greggsii McGregor 1964, 
Punctatisporites debilis Hacquebard 1957, Punctatisporites aerarius Butterworth 
& Williams 1958, Cyclogranisporites cf. commodus Playford 1963, Anapiculati
sporites hystricosus Playford 1963, Anapiculatisporites ampullaceus Playford 
1963, Dictyotriletes submarginatus Playford 1963, Microreticulatisporites lunatus 
Knox 1948, Stenozonotriletes illepidus Ishchenko 1956, Lophozonotriletes rari
tuberculatus (Luber) Kedo 1957, Cirratriradites rusticus Felix & Burbridge 1967, 
Diaphanospora perplexa Balme & Hassel 1962, Perotrilites perinatus Hughes & 
Playford 1961, Hymenozonotriletes lepidophytus Kedo 1957, Hymenozonotriletes 
cf. facilis Kedo 1963, Hymenozonotriletes explanatus Kedo 1963, Spinozono
triletes cf. tenuispinus Hacquebard 1957, Spinozonotriletes cf. 1111catus Hacque
bard 1957. 

286 



Bei der Untersuchung der Mikroflora der Tunheim-Serie wurde die 
Art Hymenozanotriletes lepidophytus Kedo 1957 in groBer Menge 
gefunden. lhre auf der Bareninsel angetroffene GroBenvariation (vgl. 
Abb. 1) zeigt, daB die nach Streel (1966, 1968) fi.ir das Tournai la 
bezeichnende H. lepidophytus var. minor-Zone vorliegt. Das bestatigt 
auch das etwas spatere Einsetzen von Lophozanotriletes rarituberculatus 
(Luber) Kedo 1957 im mittleren Teil und das Vorkommen von H. 
explanatus Kedo 1963 im jtingsten Teil der Verbreitungszone von 
H. lepidophytus Kedo 1957 (vgl. Abb. 2). 

Dieses Ergebnis hat weitreichende Folgen, denn damit kann der 
bisher filr das ganze Oberdevon geltende Leitwert der Cyclostigma
Archaeopteris-Flora auf einen eng begrenzten, dem Tournai la in 
Belgien sensu Conil, Pirlet, Lys et al. (1967) entsprechenden Uber
gangsbereich Devon-Karban beschrankt werden. 
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The significance of megaspores for the stratigraphic 
zoning of the Plzen Basin 

I 

M. KALIBOV A 1 

With 2 text-figures and plate 18. 

ABSTRACT. 

Megaspore assemblages are recorded from coal seams in the Plzen Basin, 
Western Bohemia. The successive assemblages are shown in text-figure 2. Some 
of the stratigraphically useful megaspore species are illustrated. 

RESUME. 

L'etude palynologique basee sur !'analyse de presque 2000 echantillons 
de houille provenant du bassin houiller de Plzen (Pilsel:'I) en Boheme occiden
tale, a permis de distinguer huit associations de megaspores. Ces associations 
correspondent aux huit faisceaux houillers du bassin de Plzen, qui s'echelon
nent depuis le sommet du Westphalien B jusqu'en Stephanien C et qui, dans 
le tableau ci-joint, sont numerotes, du bas vers le haut, de 1 a 8. Les associa
tions de megaspores se distinguent Jes unes des autres par l'appafition ou la 
disparition de diverses especes. Ainsi, par exemple, Triletisporites bohemicus se 
rencontre depuis le faisceau 1 jusqu'au faisceau 3, Setosisporites hirsutus carac
terise Jes faisceaux 2 et 3, Setosisporites praetextus est trouvee uniquement dans 
le faisceau 2, et Lagenoisporiles levis uniquement dans le faisceau 8. Laeviga
tisporites glabratus, absente dans le faisceau 4, fut rencontree dans les faisceaux 
3 et 5 a 8. 

I. GENERAL STRATIGRAPHIC SUCCESSION 

The Plzeti (Pilsen) Basin is a relatively narrow depression filled with 
continental molassoid deposits of Carboniferous age, ranging from 
Westphalian B-C boundary measures to Stephanian Crocks. The basin 

1 Usti'edni ustav geologicky, Malostranske nam. 19, Praha 1, Czechoslovakia. 
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is regarded as forming part of the Central Bohemian Carboniferous 
complex (V. Havlena 1964). It covers an area of approximately 
550 square kilometres in Western Bohemia, in the general vicinity of 
the town of Plzetl (Pilsen). 

The succession is divided into four major lithost:atigraphic units, 
called the Lower Grey (Kladno), Lower Red (Tynec), Upper Grey 
(Slany) and Upper Red (Lin~) Formations. They have been dated by 
means of plant macrofossils. 

The Lower Grey Formation is sub-divided into the Radnice and the 
Ny'l'any Members. Both contain some groups of coal seams. The oldest 
seams of the succession, i.e. the Plzeli seams, are only developed locally. 
They have been considered by Havlena (1964) as forming part of the 
Radnice group of seams ; represented by the lower and upper Radnice 
seams. Higher in the succession, the Lubna seams form the last coal
measure interval in the Radnice Member. A marked stratigraphic break 
occurs between the Radnice and Ny'l'any Members; Westphalian C is 
followed by upper Westphalian D, possibly leading into slightly higher 
measures at the horizon of the Nevl'en seams (sub-divided into a lower 
and an upper Nevl'en seam. 

The Upper Grey Formation, of Stephanian B-C age, contains the 
Kounov seams in the Kounov Member. 

The development of coal seams in the Plzett. Basin was not uniform, 
and not all the coal-measure intervals are equally developed throughout 
the Basin. In general, the appearance of higher coal seams is observable 
in a direction from south to north. The coal-measure intervals usually 
contain 1 to 3 coal seams of a thickness of about 1 m each. 

II. MEGASPORE INVESTIGATION 

The present investigation, aimed at the local correlation of coal
measure intervals, was based entirely on megaspores. It has shown that 
megaspore studies are a useful aid in local seam correlations. A more 
comprehensive publication on the megaspores in the Lower Grey 
(Kladno) Formation of the Plzen Basin is in press (1969). 

Nearly two thousand coal samples were investigated. These were 
taken from seams throughout the succession, and were generally ob
tained from boreholes sunk in various parts of the basin. These samples 
were supplemented by coal taken from mine workings and from coal 
tips where the mines had been closed. 
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Fig. 1. - Geographic situation of the Plzett" Basin in Bohemia. 

Text-figure 2 gives a list of successive coal-measure intervals in the 
Plzeli Basin. The various units mentioned do not represent a formal 
scheme of stratigraphic sub-division, but provide a general indication 
of geological age and grouping. 

Collections were made from whole seam profiles divided into 
10-20 cm sectors. Coal was macerated in portions of 10 grams each. For 
the extraction of spores bromine and fuming nitric acid was used. The 
number of the spores obtained ranged from a few specimens to several 
thousands. For example, in some layers of the Upper Radnice and 
Lubna seams the specimens of Setosisporites hirsutus exceeded 1500 in 
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number, and in the Nyl'any seams more than 1500 specimens of Tuber
culatisporites mamillarius and 2500 specimens of Triangulatisporites 
triangulatus were found. On the other hand, in some samples from 
the same coal seams these species were lacking altogether. In a more 
comprehensive paper on the megaspores of the Plzetl Basin (Kalibova 
1969) symbols have been used to indicate the frequency of occurrence 
at individual localities ( < 1 ; 1-10; 11-100; 101-500; > 5000). 

The data in text-figure 2 are generalised, for the relative frequency 
of spore species in the respective seams is not equal throughout the 
whole basin. Where the term « abundant » has been used, it means the 
occurrence of more than 100 specimens. 

The following list is presented of megaspores found in the coal 
seams of the Plzeti Basin. 

Westphalian Westphalian Stephanian 
(B)-C D B-C 

Calamospora sp. + + + 
Laevigatisporites glabratus + + + 
(Zerndt) Potonie & Kremp 
Tuberculatisporites mamillarius + + 
(Bartlett) Potonie & Kremp 
Triletisporites tuberculatus + 
(Zerndt) Potonie & Kremp 
Triletisporites bohemicus Kalibova + 
Lagenoisporites rugosus (Loose) + + + 
Potonie & Kremp 
Lagenoisporites levis (Zerndt) + 
Pierart 
Setosisporites hirsutus (Loose) -r 
Ibrahim 
Setosisporites praetextus (Zerndt) + 
Potonie & Kremp 
Valvisisporites westphalensis + 
Bharadwaj 
V alvisisporites auritus (Zerndt) + + 
Bharadwaj 
Valvisisporites augustae (Loose) + ? 
Potonie & Kremp 
Valvisisporites nitens Kalibova + 
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Bentzisporites tricollinus (Zerndt) 
Potonie & Kremp 
Triangulatisporites triangulatus 
(Zerndt) Potonie & Kremp 
Superbisporites superbus (Bartlett) 
Potonie & Kremp 
Superbisporites dentatus (Zerndt) 
Potonie & Kremp 
Cystosporites giganteus (Zerndt) 
Schopf 
Cystosporites varius (Wicher) 
Dijkstra 
Cystosporites verrucosus 
Dijkstra 
Microsporites gracilis (Zerndt) 
Dijkstra. 
Schopfipollenites ellipsoides 
(Ibrahim) Potonie & Kremp 

Westphalian Westphalian Stephanian 
(B)-C D B-C 

+ + ? 

+ + + 

+ + 

+ 

+ + + 

+ + 

+ 

+ + + 

+ + + 

Although megaspores were obtained from all the coal-measure 
intervals, the spore flora of the coals in the Radnice Member proved 
to be richer than that of any other seam interval. Fairly gradual changes 
in the composition of megaspore assemblages are recorded. These 
are marked by the disappearance of some forms and the appearance 
of others, and not apparently by evolutionary changes. Altogether, 
8 megaspore assemblages are recorded, corresponding to the seam 
intervals as shown in text-figure 2. 

MEGASPORE ASSEMBLAGE 1, corresponding to the group of 
Plzel1 seams and the lower Radnice seam, is characterised by Cystospo
rites verrucosus which is restricted to these seams. Valvisisporites 
augustae occurs in both zone 1 and zone 2, whereas Lagenoisporites 
rugosus and Triletisporites bohemicus are generally common throughout 
the Radnice Member. Triletisporites bohemicus is a conspicuous 
member of the megaspore floras of Westphalian C age in Bohemia. It 
occurs not only in the complex of Central Bohemian coalfields, but 
also in the Lower Silesian coal basin. On the other hand, it has not 
been recorded from any other part of the world. 

MEGASPORE ASSEMBLAGE 2 (upper Radnice seam) is charac
terised by Setosisporites praetextus which in the Plzeli Basin, only 
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occurs in this assemblage. Setosisporites hirsutus is found for the first 
time in the upper Radnice seam, but is more frequent in the overlying 
group of Lubna seams. 

MEGASPORE ASSEMBLAGE 3 coincides with the Lubna coals. 
The high frequency of Setosisporites hirsutus in these beds is found to 
be related to the occurrence of massive bands of brown durain. Other 
characteristic representatives of the megaspore flora are : Valvisisporites 
westphalensis, Laevigatisporites glabratus and Superbisporites superbus, 
none of which occur in the group of the main Nyl'any seams (assem
blage 4), although the latter two species re-appear in the upper Nyl'any 
seams (assemblage 5). In the boreholes examined, either a combination 
of the Lubna seams and the upper Nyl'any seams (assemblages 3 and 5), 
or one of the main Nyfany seams (probably only the highest (Top) 
seam) and the upper Nyl'any seams (assemblages 4 and 5) were 
encountered. 

MEGASPORE ASSEMBLAGE 4, corresponding to the main 
Nyl'any seams, contains a flora which is relatively rich in Tuberculati
sporites mamillarius, Triangulatisporites triangulatus and Cystosporites 
varius. These occurred already with varying frequencies in the earlier 
assemblages. 

The coalfield in the vicinity of the town of Nyfany (Nirschan), the 
collieries of which are abandoned, contains the Nyfany seam proper 
(No. 1 - well known in the literature because of its cannel coal with 
fossil fauna) and the Top seam. The latter is characterised by the 
absence of Valvisisporites auritus, a species which first appears in the 
Nyl'any seam No. 1. In the boreholes which were brought down in the 
vicinity of the village of Vejprnice, 3-5 seams of the Nyl'any coals were 
found.· The highest of these seams appeaiS to be the equivalent of the 
Top seam in assemblage 4. Another one of these seams is characterised 
by Valvisisporites nitens, whilst the deepest seam shows the presence of 
Superbisporites dentatus which has only been found here. 

MEGASPORE ASSEMBLAGE 5 (upper Nyfany seams) shows the 
earliest occurrence in this succession of Laevigatisporites glabratus 
and Triletisporites tuberculatus. The species Superbisporites superbus 
re-appears here after an apparent absence in assemblage 4. 

MEGASPORE ASSEMBLAGE 6 (lower Nev'l'en seam) is charac
terised by the spores of assemblage 5, in association with Valvisisporites 
auritus which, however, only occurs in the higher layers of this seam. 

MEGASPORE ASSEMBLAGE 7 (upper Nev'ten seam) differs from 
assemblage 6 by the absence of Valvisisporites auritus. It is also noted 
that Laevigatisporites glabratus, which is common in both the 
Nev:ten seams, increases its frequency in the upper seam. 
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MEGASPORE ASSEMBLAGE 8 corresponds to the stratigraphic
ally distant group of Kounov seams, of Stephanian B-C age. V alvisi
sporites auritus is usually the dominant species. Another characteristic 
species, Lagenoisporites levis, appears here for the first time. Laevi
gatisporites glabratus is generally common in assemblage 8. 

REFERENCES 
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kem) souvrstvi v plzel!ske panvi. Cas. Min. geol., 14: 23 - 38. 

DISCUSSION 

T. N. George (question) : There is a clear discontinuity in the spore 
sequence at the top of the Westphalian D. What is the reason for the 
absence of recorded Stephanian A ? 

M. Kaiserova-Kalibova (reply) : The Lower Red Group of probable 
Stephanian A age, following the Lower Grey Group, does not contain coal 
seams. Only very few miospores were found there. 

H. Bode (question) : The section described seems to be complete and 
undisturbed from the Westphalian C upwards into Stephanian A. If this 
is so, does it contain the upper part of the Westphalian D which is missing 
in the Saar basin, between the Heiligenwalder (Steinbesch) beds and the 
Holz Conglomerate ? If so, the Pilsen (Plzel'l) section would be a good 
type section for the Westphalian D, such as we lack in other parts of 
Europe. Has the spore succession been compared with the development of 
the megaflora ? 

M. Kaiserovd-Kalibovd (reply) : Since the palaeobotanical investigations 
of F. N~mejc (up to 1953) we consider the seams of the Nyl:'any Member as 
the upper part of the Westphalian D. From the miospores and megaspores 
some of the seams appear to be a little older, however. 

S. Loboziak (question) : Quels sont les elements qui YOUS ont permis 
d'attribuer les zones 4 a 7 au Westphalien D? Si nous comparons la distri
bution des megaspores du bassin de Plzel'l et celle du Nord-Pas-de-Calais, 
il apparait que la limite Westphalien C-D de Plzel'l serait plutot celle du 
Westphalien B-C (partie moyenne superieure du faisceau de Six-Sillons). 
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M. Kaiserovd-Kalibovd (reply) : Ce n'est pas moi qui ai attribue ces 
couches au Westphalien D. C'est N~mejc (1953) qui a attribue les couches 
des zones 4 et 5 au Westphalien D. Les geologues (Pe'.t:'ek 1967) supposent 
que les couches des zones 6 et 7 sont du Westphalien D, eventuellement 
du Stephanien inferieur. Je connais les resultats de M. Loboziak depuis la 
reunion a Sheffield (1967), concernant cette limite, mais dans le bassin de 
Plzeli ce sont jusqu'a maintenant seulement les megaspores qui permet
traient de modifier cette appreciation stratigraphique. 

W.P. van Leckwijck (comment) : We have here a very clear example 
of the great danger of confusion which we are running into, if we give 
new definitions to old names, i.e. Westphalian B and C. It follows that, 
when boundaries are changed, new names should be given to the units 
limited by these boundaries. 
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Note preliminaire sur les spores in situ 
de quelques pecopteridinees houilleres. 

Implications paleobotaniques et stratigraphiques 

J.P. LAVEINE 1 

RESUME. 

La contradiction apparente entre des zones de spores et des zones de mega
flore qui ne coincident pas souligne l'urgence d'etudes detaillees de spores 
in situ. Un examen preliminaire de 330 specimens appartenant a 28 especes 
de Pecopteridinees du Nord de la France et de la Lorraine, prouve que les 
spores mfires de differentes especes de vegetaux sont parfois morphologique
ment inseparables. Bien que souvent, ces especes de la megaflore sont etroite
ment comparables et par consequent pourraient etre tres liees, il y a aussi 
des exemples ou des spores identiques ont ete trouvees dans des macrofossiles 
nettement differents. D'autre part, on peut montrer que quelques plantes qui 
ont le meme feuillage possedent des spores differentes. Une explication du 
fait que certains complexe,s de spores apparemment identiques montrent des 
modes de distribution differents dans des aires differentes, peut etre que ces 
spores appartiennent finalement a des groupes de plantes differentes. Neanmoins 
les spores peuvent fournir des criteres supplementaires pour la classification 
systematique des macrofossiles vegetaux. 

ABSTRACT. 

The apparent contradiction of non-coinciding spore and plant macrofossil 
zones points to a pressing need for comprehensive studies on the spores in situ. 
A preliminary investigation of 330 specimens belonging to 28 species of 
Pecopterids from the North of France and from Lorraine, proved that the 
mature spores of different plant species are often indistinguishable, Although 
the macroplant species are sometimes closely comparable, and thus possibly 
related, there are also cases of identical spores being found for clearly different 
macrofossils. On the other hand, some plants with comparable foliage proved 
to possess different spores. One of the explanations why certain apparently 
identical spore complexes show a different distribution pattern in different areas, 
may be that these spores belong to different groups of plants. Nevertheless, the 
spores may provide additional criteria for the systematic classification of plant 
macrofossils. 

1 Laboratoire de Palfobotanique, Cite Scientifique de Lille a Annappes, 
Boite Postale, 36, 59-Lille Distribution, France. 
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I. INTRODUCTION 

Lorsque l'on est confronte avec des problemes de revision de strato
types du Westphalien et du Stephanien, et sans prejuger du bien-fonde 
d'une telle operation (voir J. Sigal 1964), on est frappe par une cer
taine disharmonie existant entre les arguments presentes par les palyno
logistes et par les paleobotanistes. Cette disharmonie est a premiere vue 
aberrante. Il parait difficile en effet d'admettre que les resultats apportes 
par des elements issus de plantes ne concordent pas avec les resultats 
etablis par la macroflore. A cette observation il est couramment retor
que que les spores et les grains de pollen, de par leur petite taille et 
leur nombre, ont une meilleure dispersion que les restes de macroflore 
et que l'on peut mieux saisir !'apparition, la periode d'apogee d'une 
espece et considerer par ailleurs le critere d'absence comme significatif. 
De plus il est souvent souligne que l'on peut avoir affaire aussi a des 
spores et grains de pollen provenant des regions avoisinant la lagune 
houillere et dont on n'aurait au mieux que de vagues traces du point 
de vue macroflore. 

Cet ensemble d'arguments est sans doute valable, cependant cette 
heterogeneite entre la palynologie et la paleobotanique laisse subsister 
un certain malaise (voir J. Doubinger 1959). Il apparait evident que 
l'etude des spores in situ, c'est-a-dire provenant d'empreintes fructifiees, 
semble etre la maniere la plus naturelle d'arriver peut-etre a la solu
tion de ce probfome. Un certain nombre d'etudes ont deja ete entre
prises ace sujet. Ence qui concerne plus particulierement les Fougeres 
fossiles doivent etre cites, entre autres, les travaux de Kidston (1923), 
W. & R. Remy (1953, 1955, 1957), N.W. Radforth (1938), J. Dou
binger (1959, 1961). 

Pour que soit significative une etude sur les spores in situ, il faut, 
pour ecarter les inconvenients lies aux stades differents de maturite des 
spores dans les fructifications, pouvoir traiter un nombre suffisant 
d'echantillons fructifies avec encore des parties de limbe sterile per
mettant une determination specifique. Grace aux importantes collec
tions rassemblees au laboratoire par le Professeur P. Bertrand et par 
mon Maitre, Monsieur le Professeur P. Corsin, j'ai eu la possibilite de 
traiter 550 echantillons de Pecopteridees du bassin du Nord-Pas-de
Calais et du bassin de Lorraine. 330 d'entre eux, se repartissant en 
28 especes, ont fourni des resultats probants. La determination de 5 de 
ces especes est douteuse et le nombre d'echantillons traites par espece 
est tres variable mais, en general, un minimum de 3 echantillons par 
espece ont livre des spores permettant une discussion satisfaisante des 
resultats. Ceux-ci sont assez divers mais c'etait previsible etant donne 
que l'on sait depuis longtemps que le genre Pecopteris Brongniart, etant 
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defini par une fonne de feuillage a pinnules attachees par toute leur 
base au rachis support et a nervation pennee, comportait un certain 
nombre de genres de fructifications parmi lesquels il faut citer : Senften
bergia Corda, Asterotheca Presl, Acitheca Schimper, Ptychocarpus 
Weiss, Danaeites Stur ( = Orthotheca P. Corsin). 

II. EXPOSE DES RESULTATS 

Pour faciliter la presentation tres succincte des resultats, j'utiliserai 
les groupes d'especes definis par P. Corsin (1951) sur les Pecopt6ridees 
de Sarre et Lorraine. 

1) Groupe du Pecopteris plumosa (Artis) Brongniart 

- P. plumosa (Artis) forme crenata Stur: 
spores triletes - lisses ou avec des pustules 

- ornementees de batonnets, de type 
Raistrickia 

2) Groupe du Pecopteris pennaeformis Brongniart 

- P. pennaef or mis Brongniart, variete minor Dalin val : 
spores triletes - lisses ou avec des pustules 

ornementees de murailles verruquees de 
type Camptotriletes allant pratiquement 
jusqu'au type Convolutispora. 

3) Groupe du Pecopteris longifolia Brongniart 

- P. longifolia Brongniart : 
spores triletes, Iisses, infraponctuees ou granulees de type 

Cyclogranisporites. 

N.B. - Les formes stricta, prisca et major de P. Corsin (1951) 
presentent des spores de memes dimensions et de meme habitus que 
celles de la forme type. 

- ? P. cf. platoni Grand'Eury 
spores monoletes, lisses a infraponctuees, de type Latosporites, 
Punctatosporites, Crassosporites, Speciososporites et Torispora. 

- ? P. cf. longiphylla Corsin 
spores identiques a celles de P. cf. platoni Grand'Eury. 

-- P. rarinervosa Corsin 
spores triletes, lisses, de type Cyclogranisporites. 

4) Groupe du Pecopteris saraepontana Stur 
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P. saraepontana Stur 
spores monoletes, parfois d'aspect triletoide, lisses, infraponc
tuees, granulees, parfois presque verruquees, de types Lato
sporites, Punctatosporites, Crassosporites, Speciososporites et 

Torispora. 

- P. trevirani Goeppert 
spores identiques a celles de P. saraepontana Stur. 

5) Groupe du Pecopteris saraefolia P. Bertrand 

P. hucheti Corsin 
spores identiques a celles de P. saraepontana Stur. 

- P. saraefolia P. Bertrand 
spores identiques a celles de P. saraepontana Stur. 

- P. saraefolia P. Bertrand, variete lobata Corsin 
spores identiques a celles de P. saraepontana Stur. 

- P. punctata Corsin 
spores identiques a celles de P. saraepontana Stur. 

- P. punctata, variete crenulata Corsin 
spores identiques a celles de P. saraepontana Stur. 

? P. cf. densifolia Goeppert 
spores triletes, Iisses ou infraponctuees, de types Calamospora 
et Punctatisporites. 

6) Groupe du Pecopteris miltoni (Artis) Brongniart 

- P. miltoni (Artis) Brongniart 
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spores triletes, lisses, infraponctuees a granulees de type Cyclo-
granisporites. 

N.B. - Certains fragments uniquement fructifies, que j'avais 
attribue avec un certain doute a P. miltoni, ont livre des spores 
monoletes de type Punctatosporites (sp. minutus). 

P. oreinervosa Corsin 
spores triletes, lisses, infraponctuees a granulees de type Cyclo
granisporites. 

P. opulenta Corsin 
spores monoletes, lisses OU infraponctuees a faibJement gra
nulees de type Punctatosporites (sp. minutus). 

- P. micromiltoni P. Bertrand 
spores identiques a celles de P. opulenta Corsin. 

- P. folchwillerensis Corsin 
spores identiques a celles de P. opulenta Corsin. 



- P. lamurensis Heer 
spores identiques a celles de P. opulenta Corsin. 

P. dufayi Dalinval 
spores monoletes, lisses a infraponctuees, de types Latosporites 
et Punctatosporites (existence possible de formes Torispora). 

N.B. - Un exemplaire determine P. dufayi, mais un peu aberrant, 
a fourni des spores triletes lisses. 

P. lobulata Dalinval 
spores triletes, infraponctuees a granulees, de type Cyclogra
nisporites. 

7) Groupe du Pecopteris polymorpha Brongniart 

- P. polymorpha Brongniart 
spores triletes, lisses, infraponctuees, granulees a presque ver
ruquees de type Cyclogranisporites et V errucosisporites. 

- P. polymorpha Brongniart, forme minor Corsin 
spores identiques a celles de P. polymorpha Brongniart. 

8) Groupe du Pecopteris arborescens (v. Schlotheim) Brongniart 

- P. arborescens (v. Schlotheim) 
spores monoletes, lisses, infraponctuees a granulees, de type 
Punctatosporites (sp. minutus et rotundus). 

- P. cyathea (v. Schlotheim) Brongniart 
spores identiques a celles de P. arborescens (v. Schlotheim). 

- P. pectinata P. Bertrand 
spores identiques a celles de P. arborescens (v. Schlotheim). 

- P. lepidorachis Brongniart 
spores identiques a celles de P. arborescens (v. Schlotheim). 

- P. hemitelioides Brongniart 
spores identiques a celles de P. arborescens (v. Schlotheim). 

9) Groupe du Pecopteris unita Brongniart 

P. unita Brongniart 
spores monoletes, lisses ou infraponctuees, de types Latospo
rites, Laevigatosporites et Punctatosporites. 

10) Groupe du Pecopteris avoldensis Stur 

- P. avoldensis Stur 
spores monoletes OU triletes, lisses, a exine mince. 

303 



III. IMPLICATIONS PALEOBOTANIQUES 

L'examen des resultats indiques ci-avant souleve un certain nombre 
de problemes qui ne peuvent pas etre resolus clans le cadre de cette 
seule etude. On constate par exemple que toutes les especes fructifiees 
des groupes du P. saraepontana Stur et P. saraefolia P. Bertrand ant 
des spores identiques. On peut done se demander si toutes ces especes 
n'en constituent pas qu'une seule, tres polymorphe. C'est d'ailleurs ce 
que laissait entendre P. Corsin en 1951 (p. 244) en ecrivant: « Lorsque 
les pinnules sont d'assez petite taille tout en etant tres allongees par 
rapport a leur largeur, P. saraepontana ressemble a s'y meprendre a 
P. saraefolia ou P. victoriae, si bien qu'on pourrait presque se demander 
si on n'est pas en presence d'une seule et meme espece ». 

Il est evident que l'etude des spores in situ apporte un element sup
plementaire a cette maniere de voir. Cependant il faut garder presents 
a l'esprit deux points de vue. Le premier est qu'il est toujours prefe
rable, clans une etude d'empreintes, de conserver un certain nombre 
d'especes au depart. Il est toujours plus facile de les reunir par la suite 
si necessaire, clans le cas ou des arguments nouveaux sont apportes. Le 
second est que l'identite des spores, si elle laisse entrevoir une certaine 
possibilite de mise en synonymie de ces especes, n'est pas un argument 
dirrimant. On peut constater a la vue des resultats d'autres groupes, 
que des especes tres nettement differenciables ant des spores identiques 
(par exemple P. micromiltoni et P. lamurensis d'une part ont des spores 
semblables a celles du groupe de P. arborescens). 

Il sera done necessaire d'entreprendre des transferts d'empreintes 
steriles et fertiles pour etudier les cuticules, les stomates, !'implantation 
des sporanges pour tenter de resoudre de fac;on definitive, et compte 
tenu des donnees stratigraphiques, ce genre de problemes. 

Dans le meme ordre d'idees, on peut souligner egalement l'identite 
des spores des especes appartenant au groupe du P. arborescens. 

Inversement certains groupes sont heterogenes du point de vue des 
types de spores. Si l'on ne peut insister pour !'instant sur Jes cas des 
P. longiphylla et P. platoni clans le groupe du P. longifolia, les deux 
echantillons traites etant douteux, clans le groupe du P. miltoni par 
contre, on voit que toute une serie d'especes (P. miltoni, P. oreinervosa, 
P. lobulata) ont des spores triletes et les autres especes des spores mono
letes. Par ailleurs P. avoldensis qui, par son feuillage sterile, se rap
proche de P. miltoni, a des spores apparemment differentes. 

On peut meme se demander jusqu'a quel point il n'y a pas, clans 
l'habitus monolete ou trilete des spores, une relation directe avec la 
taille des sporanges ou !'inverse. 
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Du point de vue paleobotanique, on est done amene a conclure de 
cette etude qu'elle est tout a fait insuffisante, en depit du nombre 
d'echantillons traites. Neanmoins, par les elements nouveaux qu'elle 
apporte et par les problemes qu'elle souleve, on doit insister sur le fait 
qu'il est necessaire de poursuivre dans cette voie, ce que j'ai d'ailleurs 
entrepris. 

IV. IMPLICATIONS PALYNOLOGIQUES 
ET STRATIGRAPHIQUES 

Elles sont egalement importantes. Si l'on a une tendance d'esprit 
penchant vers la palynologie, on insistera evidemment, dans les resultats 
exposes, sur l'identite probable d'un certain nombre d'especes paleo
botaniques. Cependant, meme en admettant cette possibilite, il n'en 
reste pas moins qu'il existe des phenomenes de convergence au niveau 
des spores entre des especes bien distinctes. Ce fait avait deja ete 
souligne, notamment pour des fructifications appartenant a des genres 
differents et ceci se confirme pour des especes d'un meme genre de 
forme. 

Par consequent les biozones d'un certain nombre d'especes palynolo
giques sont deja a elles seules des cenozones. Des lors on comprend 
le danger qu'il peut y avoir a generaliser les resultats obtenus dans un 
bassin pour etablir, sur des bases uniquement palynologiques, des 
correlations inter-bassins et fixer des limites de stratotypes a usage 
international (c'est du moins le but recherche). 

Pour concretiser ce danger, je prendrai un seul exemple, celui du 
genre Torispora Balme qui existe dans le bassin du Nord-Pas-de-Calais 
et dans le bassin de Lorraine. B. Alpern (1959) a deja tres bien illustre, 
par l'etude des spores dispersees, que les genres Punctatosporites 
(notamment l'espece granifer), Crassosporites, Speciososporites et 
Torispora se trouvaient toujours associes et que l'on rencontrait toutes 
les formes de passage entre ces differents genres ; l'etude des spores 
in situ confirme de fac;on peremptoire cette constatation. Mais ou la 
chose devient plus interessante, c'est que, parmi les Pecopteridees etu
diees, ces formes sont produites, dans le bassin de Lorraine, par les 
especes appartenant aux groupes des Pecopteris saraepontana et sarae
folia, especes qui n'existent pas dans le bassin du Nord-Pas-de-Calais. 
Evidemment on peut admettre un transport assez eloigne de ces 
elements mais, si l'on remarque par exemple que la veine n° 9, au siege 
n° 4 du groupe d'Auchel-Bruay des H.B.N.P.C. renferme 54 % de 
spores appartenant aux genres cites ci-dessus, il semble difficile de 
soutenir qu'un tel pourcentage puisse etre du au seul apport exterieur. 
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D'autant qu'une espece du bassin du Nord, P. dufayi, produit des spores 
de types Latosporites et Punctatosporites (et peut-etre aussi Torispora, 
mais une confirmation s'avere necessaire par l'etude d'autres echan
tillons). On voit done que !'assimilation pure et simple de la biozone de 
Torispora dans le bassin du Nord-Pas-de-Calais a celle du bassin de 
Lorraine ne pourrait qu'immanquablement mener a des mecomptes, et 
ceci sans prejuger des resµltats qui pourront etre fournis par la suite 
par l'etude des spores in situ d'autres groupes vegetaux. 

J.-J. Liabeuf & S. Loboziak (1968) ont d'ailleurs signale que 
«Bien que Torispora securis apparaisse beaucoup plus tot en Lorraine 
que dans le Nord, la base de son epibole est plus basse dans le Nord : 
environ 100 m de difference par rapport a l'axe Maxence = T 300. 
Cependant, lorsqu'elle atteindra son apogee, cette espece sera beaucoup 
plus abondante en Lorraine. 

Cette apogee en Lorraine commence a partir du Tonstein 280 et 
l'on constate !'apparition a ce niveau d'especes telles que P. sarae
pontana, P. saraefolia, on comprend des lors l'abondance particuliere 
de ce genre dans ce dernier bassin. 

L'examen de ces premiers resultats appellerait encore d'autres remar
ques mais je m'en bornerai la pour cette note preliminaire. 

CONCLUSIONS 

Les quelques elements nouveaux apportes par cette etude sur les 
Pecopteridees houilleres posent un certain nombre de problemes qu'il 
serait temeraire d'essayer de resoudre des maintenant. Ceci est relative
ment encourageant en un sens puisque, en depit des importants travaux 
deja realises et qui constituent une base irrempla<;:able pour l'avenir, 
on peut constater qu'il y a encore beaucoup a faire sur la flare houillere 
avant de parvenir a une connaissance tout a fait satisfaisante de celle-ci. 

Pour ce qui est du domaine plus proprement stratigraphique, ces 
premiers resultats soulignent que si les limites proposees par differents 
auteurs pour les stratotypes du Westphalien superieur et du Stephanien 
semblent valables car elles correspondent a des phenomenes impor
tants dans !'evolution de la flare, il sera necessaire cependant de 
reajuster un certain nombre d'arguments et de poursuivre des etudes 
sur le terrain avant de proposer des solutions plus definitives. 

En ce qui concerne les spores dispersees, l'etude des spores in situ 
permettra de mieux definir les especes guides et celles dont il est inutile 
de tenir compte et qui encombrent Jes etudes quantitatives, ce qui ne 
peut qu'etre benefique pour cette science. Quoiqu'il en soit, cette der-
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niere a deja prouve la valeur des arguments qu'elle peut fournir dans 
le cadre d'un bassin donne et l'on est en droit d'esperer que ses resultats 
s'affineront au fur et a mesure que l'etude des spores in situ precisera 
les criteres de differenciation specifique. 
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Preliminary report 
on Lower-Middle Tournaisian miospores 

from the Hathern Anhydrite Series, 
Hathern Borehole, Leicestershire, England 

P.G. LLEWELLYN 1, LR. HOSKIN 1 & J. BACKHOUSE 2 

With 1 text-figure and plates 19-20. 

ABSTRACT. 

The communication provides a brief, illustrated account of twenty species, 
probably Lower-Middle Tournaisian miospores extracted from 19 samples of 
two cores below a fauna ? C1 /C2 • Comparisons with other Tournaisian mio
spore assemblages are reported. 

RESUME. 

Cette note fournit des donnees breves mais illustrees sur 20 especes de 
miospores, d'age probable Tournaisien inferieur ou moyen, extraites de 19 
echantillons de 2 carottes de sondage, sous une faune d'affinites C1 /C2 • Des 
comparaisons avec d'autres assemblages de miospores tournaisiens sont men
tionnes. 

The Hathern No. 1 borehole (Fig. 1), drilled by the British Petroleum 
Company Limited in 1954, encountered an unexpected evaporite facies 
in the Lower Carboniferous (Falcon & Kent 1960). Although the 
Limestone Shales formation (Fig. 1) was known to be upper Visean in 
age, there was no dating more accurate than that provided by a fauna 
of ? C1 /C2 age-low Visean or possibly topmost Tournaisian, recovered 
from the lower core in the massive limestones (Fig. 1, B), to indicate 
the age of the lower part of the Carboniferous Limestone sequence. 
There are several other records of possible C1-age Carboniferous Lime
stone from boreholes and outcrops in this part of the East Midlands 

1 Department of Geology, University College London, Gower Street, London 
W.C. 1, England. 

2 Geological Survey of ·western Australia, 26 Francis Street, Perth 6000, 
Western Australia. 
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of England (Less & Taitt 1946, Falcon & Kent 1960, Kent 1966 & 
1967, Llewellyn, Backhouse & Hoskin 1969), but there is little litho
logical basis for comparison with the Hathern sequence. In any case, 
these records require a critical review (Kent 1967). 

The Hathern Anhydrite Series has recently been reexamined (Llewel
lyn & Stabbins 1968) and a preliminary note (without illustrations) on 
the discovery of a Tournaisian microflora is in press (Llewellyn, 
Backhouse & Hoskin 1969). The present communication is intended 
only to provide a brief, illustrated account of the species identified to 
date. 

Miospore material was extracted from five samples from the upper 
core (Fig. 1, C) and 14 samples from the lower core (Fig. 1, D). As 
no significant differences have yet been observed between these prepa
rations, they are regarded, for the present, as representatives of a single 
assemblage. The following species have been identified (Llewellyn, 
Backhouse & Hoskin 1969) and are illustrated in Plates 19 & 20. 

Punctatisporites solidus, Hacquebard 1957 
Punctatisporites irrasus, Hacquebard 1957 
Punctatisporites glaber, (Naumova) Playford 1962 
Retusotriletes incohatus, Sullivan 1964 
Baculatisporites fusticulus, Sullivan 1968 
Schopfites claviger, Sullivan 1968 
V errucosisporites scoticus, Sullivan 1968 
Converrucosisporites parvinodosus, Playford 1964 
Acanthotriletes mirus, Ishchenko 1956 
Convolutispora mellita, Hoffmeister, Staplin & Malloy 1955 
Convolutispora vermiformis, Hughes & Playford 1961 
Reticulatisporites planus, Hughes & Playford 1961 
Foveosporites insculptus, Playford 1962 
Perotriletes perinatus, Hughes & Playford 1961 
Knoxisporites pristinus, Sullivan 1968 
Knoxisporites cf. literatus, (Waltz) Playford 1963 
Knoxisporites rotatus, Hoffmeister, Staplin & Malloy 1955 
Auroraspora macra, Sullivan 1968 
Grandispora echinata, Hacquebard 1957 
Endosporites macromanifestus, Hacquebard 1957 

This assemblage includes types previously recorded from the Tour
naisian of Canada, Spitsbergen, the Ardenno-Rhine region and Britain. 
Assemblages described by Hacquebard (1957) and Playford (1964) 
from the Horton Group of Nova Scotia, particularly that in Playford's 
« Undifferentiated Horton Group » subdivision, are comparable with 
the Hathern assemblage. The rarituberculatus Assemblage of Spits-
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bergen (Playford 1962, 1963) has several species in common with 
Hathern. Streel (1966) has described Upper Devonian and Lower 
Carboniferous spores from the Ardenno-Rhine region but only two 
of his species have been found so far (Punctatisporites irrasus and 
Retusotriletes incohatus - both from Tn2a), and correlation on this 
basis is tenuous. In Britain, Sullivan has recorded assemblages from 
the Lower Limestone Shales of the Forest of Dean (1964) and from the 
Cementstone Group of Ayrshire (1968), and both have many species in 
common with Hathern. 

· On the basis of these comparisons, the Hathern assemblage would 
probably be regarded as lower rather than upper Tournaisian in age. 
However, a rather more precise definition has been suggested by Dr. M. 
Streel (personal communication). He has commented that the assem
blage described is certainly younger than the Hymenozanotriletes lepi
dophytus Zone in Belgium and that the oldest age possible is, therefore, 
the upper part of Tn lb. Although most of the Hathern species occur 
in the Tn2a of Belgium, spores younger than Tn2a are lacking there, 
which makes it more difficult to recognise an upper age limit. Dr. Streel 
suggests, however, that this limit is not younger than the top of Tn2c 
(an opinion based on a discussion in Streel 1970). 

The stratigraphic and palaeogeographic significance of this evidence 
for Tournaisian sedimentation north of the Mercian Highlands (or 
Midland Barrier) has been discussed elsewhere (in Llewellyn, Back
house & Hoskin 1969). 
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Hymenozonotriles lepidophytus Kedo 
and associated spores from the Devonian of Canada 

D.C. McGREGOR 1 

With 4 text-figures and plates 21-23. 

ABSTRACT. 

Assemblages of spores containing Hymenozonotriletes lepidophytus Kedo are 
reported from the lower part of the Horton Group in Nova Scotia ; the 
Kettle Point Fm, Bedford Shales and overlying Formations in Southern 
Ontario and the Imperial Fm. in Yukon Territory. Data are summarized in 
Table 1. The stratigraphic potential of these assemblages in Canadian rocks 
is emphasized. 

RESUME. 

Des assemblages de spores contenant Hymenozonotriletes /epidophytus Kedo 
sont examines, provenant de la partie inferieure du Horton Groupe en Nouvelle 
Ecosse, des Kettle Point Fm, Bedford Shales et formations sus-jacentes dans 
le sud de !'Ontario et de l'Imperial Fm. dans le territoire de Yukon. Les 
donnees sont resumees dans le tableau 1. Les potentialites stratigraphiques 
de ces assemblages dans Jes roches canadiennes sont mises en evidence. 

I. INTRODUCTION 

Several rock samples submitted to palynologists of the Geological 
Survey of Canada contain Hymenozanotriletes lepidophytus Kedo sensu 
lato. These samples came from widely separated localities in eastern, 
south-central and northwestern Canada (Fig. 2). Most of them were 
submitted in the hope that the spores would provide evidence of age, 
because the sequences of rocks in which they occurred contained no 
other diagnostic fossils. However, there is no well-docm:hented, publish
ed evidence of the stratigraphic range of H. lepidophytus in North 
America. Therefore, the presence of this species could be used only 

Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario, Canada. 
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in rather broad terms as suggestive of latest Devonian age (1) (an age 
almost equivalent to that of « Strunian » of the Belgian succession), 
on the assumption that its range in North America is contemporaneous 
with that in Western Europe as established by Streel (1966, 1968). 
Tschudy (in Sandberg & Klapper 1967) reached the same conclusion, 
supported by conodonts from underlying strata, for the age of the 
upper part of the Sappington Member of the Three Forks Formation in 
Montana, U.S.A., and Walton & Mason (unpublished ms.) drew simi
lar conclusions, also supported by conodont evidence, for the lower 
part of the Banff Formation near the British Columbia-Northwest 
Territories boundary in northwestern Canada. In the same paper, 

YUKON c:iOUTHEHN mrrARIO 

Richardson J,!ts, \'/indsor - Sarnia 

OVERLYING BEIB Pennsylvanian Ouat ernary 

111111111111111 
TOUill'l"AISIAN 0 

0 
? Sunbury 0 

Berea 0 

JPAMENNIAN 
Bedford 0 

Imperial 0 

Kettle Point 

~PRt\.SNI.Al\f 

O IIymenozonotrUetes le;pid01Jhytus Keclo 

Fig. 1. - Correlation of Hymenozonotri/etes lepidophytus bearing beds of 
Yukon and southern Ontario. (Cf. Bouckaert et al. 1968, hors-texte III). 

(1) i.e. latest Famennian to earliest Tournaisian (Devonian) according to 
Bouckaert, Streel & Thorez 1968. 
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Walton & Mason reviewed Winslow's (1962) palynological study 
and concluded that the Bedford and Berea Formations of Ohio, U.S.A., 
also are latest Devonian. 

Considering the evidence from known, reported occurrences of H. 
lepidophytus in North America, it seems reasonable to assume that the 
lepidophytus assemblages of this report may be very nearly synchron
ous with assemblages containing H. lepidophytus, and other species in 
common, from Western Europe. It should be remembered, however, 
that the stratigraphic range of H. lepidophytus in North America has 
not yet been fixed firmly in terms of the standard Western European 
succession. 

The objectives of the present paper are limited by the lack of close 
stratigraphic control for some of the spore assemblages, and by the 
fact that overlying and underlying beds were not systematically studied. 
Nevertheless, the information, though preliminary, demonstrates that 
spore assemblages containing H. lepidophytus are geographically wide
spread in Canada. Also, and most important, it shows that many of the 
species of spores that occur with H. lepidophytus in Europe also occur 
with it in Canada. 

I wish to thank B.V. Sanford, C.G. Winder, and M.J. Copeland for 
helpful comments during the preparation of the paper. 

II. DATA 

1. Ontario 

Hymenozonotriletes lepidophytus is present in samples from the 
Gibraltar 77 and Courtright drill-holes in Sombra and Moore townships, 
Lambton county, southwestern Ontario (fig. 2, loc. 1 ; fig. 3 ; for 
geology, see Sanford 1968). The Courtright hole penetrated the Bedford 
Formation and terminated four feet below the top of the underlying 
Kettle Point Formation. From the 4-foot interval of black shale at 
the top of the Kettle Point Formation (GSC loc. 7060), a poorly pre
served spore assemblage was extracted. It contains the following species, 
in addition to unidentified specimens (see McGregor & Owens 1966, 
Pls. 28, 29) : 
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Emphanisporites ? rotatus McGregor 
? Hymenozonotriletes famenensis Kedo in Neves & Dolby 1967 
Hymenozonotriletes lepidophytus Kedo 
Hymenozonotriletes pusillites Kedo 
Hystricosporites sp. 



Lophotriletes salebrosus var. famenensis Naumova 
Lophozonotriletes cristifer (Luber) Kedo 
Reticulatisporites ? f imbriatus var. spathulatus Winslow 
Retusotriletes spp. 
V errucosisporites congestus Playford 

- e 
0 II) 

0 0 
~"' 

GIBRtJJPAR 77 

;:::;:::::;:::::;:::;::: I 

I 
I 

I 

~ 11111 I 

1 i!!!f !!If !I o /o~. 7826 SOIJBRA 2-6 

:;:;:;:;:;:;:;:::::::::;. I 
• 0 • +----- 6 miles __ -4r}\}/}: / 

.o."o··~ 9.?lan, 
0 • 0 • 

• • 0 • 0 

.o .• • • 

. ··o. 

e Spathognathodus 
inornatus 

Fig. 3 

I 

COURl'ilIGHT 

--~'. o•o 
... 0 . 

I 
I 

I 
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I 
I 

"" " 0 

~ 
" "' 

0 Loe. 7059 

Three wells in 
Windsor-Sarnia A.roa, Ontario. 

0 lepidophytus assemblap,e 

This sample contains no fossils other than spores. The only inform
ation bearing on the age of upper beds of the Kettle Point was pub
lished by Winder (1966), who studied the conodont fauna in samples 
of the Kettle Point Formation from the Stanwell-Imperial Sombra 2-6 
well, Sombra township, Lambton county, Ontario, 12 miles south of 
the Courtright well. Winder recorded Spathognathodus inornatus 
(Branson & Mehl) (identified by G. Klapper) 14 feet from the top of 
the Kettle Point Formation in the Sombra well (Fig. 3). He concluded 
that the presence of this species was « .. . indicative of uppermost 
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Upper Devonian ». Here, Kettle Point beds are overlain by Pleistocene 
glacial deposits. However, Winder (1966, p. 1277) estimated that not 
more than 20 feet of Kettle Point is missing at the top of the section. 
Thus, if Winder is correct, the lepidophytus-assemblage in the Court
right hole would be less than 40 feet stratigraphically above beds con
taining Spathognathodus inornatus. 

In the Courtright hole the Kettle Point Formation is overlain 
conformably by the silty and sandy shales of the Bedford Formation 
(lower part of the «Port Lambton beds » of Stauffer 1965). Lepido
phytus-assemblages were found in three samples from the Bedford. 
From the lowest (GSC loc. 7059), 20 to 29 feet above the Kettle Point 
assemblage, the following species have been identified (Plate 21, 
figs. 1-13). In this and all other assemblages, many other species were 
present but were not identified, either because they were not well 
preserved, or because they appeared to represent new species. 

cf. Acanthotriletes rarisetosus Kedo 
Archaeozonotriletes literatus (Waltz) Naumova 
? Hymenozonotriletes explanatus (Luber) Kedo 
? H. famenensis Kedo in Neves & Dolby 1967 
H. lepidophytus Kedo 
H. pusillites Kedo (including V allatisporites splendens Staplin & 
Jansonius) 
Reticulatisporites? fimbriatus Winslow 

Twenty feet higher in the Courtright hole (GSC loc. 7058), the fol
lowing were identified from the Bedford Formation (Plate 21, figs. 14-
21) 

Archaeozonotriletes amplectus (Naumova) Kedo 
? Dicrospora multifurcata Winslow 
? Hymenozonotriletes famenensis Kedo in Neves & Dolby 1967 
H. lepidophytus Kedo 
H. pusillites Kedo 

Between 68 and 82 feet higher in the same hole (GSC loc. 7057), 
still in the Bedford Formation, the following were found (Plate 22, 
figs. 1-10). 

? Dicrospora multifurcata Winslow 
? Hymenozonotriletes famenensis Kedo in Neves & Dolby 1.967 
H. lepidophytus Kedo 
H. pusillites Kedo 
Retusotriletes incohatus Sullivan 
Spinozonotriletes uncatus Hacquebard 

In the Gilbraltar 77 well, 6 miles south of the Courtright well, the 
Bedford Formation is not present, and the Berea Formation overlies 
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I 
I 

the Kettle Point black shale. The absence of Bedford lithology in the 
Gibraltar well, only 6 miles away from its occurrence in the Courtright 
hole, cannot at present be explained. An assemblage of poorly preser
ved spores in the Berea Formation in this well, 20 to 30 feet above 
the Kettle Point Formation (GSC loc. 7826), contains Hymenozonotri
letes lepidophytus, H. pusillites, Hystricosporites sp. and Reticulatispo
rites sp. One hundred feet higher, in the overlying Sunbury Formation, 
from 55 to 65 feet above its base (GSC loc. 7825), a well-preserved 
assemblage occurs (Plate 22, figs. 11-19), which includes : 

[,,,/ 
? Corbulispora subalveolaris (Luber) Sullivan 
Hymenozonotriletes lepidophytus Kedo 
H. pusillites Kedo 
Laevigatosporites sp. 
Reticulatisporites? fimbriatus var. spathulatus Winslow 

2. Nova Scotia 

The only spore assemblage contammg Hymenozonotriletes lepido
phytus so far discovered in Canada east of the Windsor-Sarnia region 
of Ontario occurs in a sample of fine-grained, grey, micaceous, carbon
aceous sandstone from the west shore of George Bay at the mouth 
of Mcinnis Brook near Antigonish, Nova Scotia (GSC loc. 7707, see 
Fig. 2, loc. 2). The strata from which the sample was obtained are 
placed provisionally in the Horton Group, and the following species 
were identified (Plate 23, figs. 1-9) : 

? Dicrospora multif urcata Winslow 
? Hymenozonotriletes famenensis Kedo in Neves & Dolby 1967 
H. lepidophytus Kedo 
H. pusillites Kedo 
? H. rugosiusculus Jushko 
Retusotriletes incohatus Sullivan 

The section is less than 200 feet thick on the limbs of an anticline, 
and contains no other fossils. The youngest strata on the east side of 
the anticline dip under George Bay, and on the west they are overlain 
by the unfossiliferous Fisset Brook Formation. At the type section, 
65 miles to the east on Cape Breton Island, the basal beds of the 
Fisset Brook Formation were dated as lowermost Mississippian by 
Barss (in Kelley & Mackasey 1965) on spore evidence. 

3. Yukon Territory 

Spore assemblages containing Hymenozonotriletes lepidophytus have 
been found in two outcrop samples near the top of the Imperial Form-
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ation on Trail River, three miles east of the Richardson Mountain 
front, in the Yukon Territory at lat. 66°27.5'N, long. 135°22'W (see 
Fig. 2, loc. 3 ; Fig. 4; and Norris 1968, section 35, pp. 240, 241). No 
fossils other than spores have been found in this section of the Imperial 
Formation. An angular unconformity occurs at the top of the section. 
Elsewhere the Imperial Formation contains marine fossils of about 
mid-Frasnian to about mid-Famennian age. 

The older of the two lepidophytus-assemblages occurs 5642 feet 
above the base of the Imperial Formation in grey siltstone with carbon
aceous fragments (GSC loc. 54367). The following species were 
identified (Plate 23, figs. 10-16) : 

Archaeozonotriletes literatus (Waltz) Naumova 
Hymenozonotriletes lepidophytus Kedo 
Lophozonotriletes cristifer (Luber) Kedo 
L. malevkensis Naumova 
L. rarituberculatus (Luber) Kedo non Naumova 
Reticulatisporites ? fimbriatus Winslow 
Spinozonotriletes uncatus Hacquebard 

In the same section, 230 feet higher (GSC loc. 7048), the following 
species (Plate 23, figs. 17-23), among others, occur in grey shale : 

? Cristatisporites echinatus Playford 
Grandispora echinata Hacquebard 
Hymenozonotriletes lepidophytus Kedo 
Hystricosporites sp. 
Lophozanotriletes cristifer (Luber) Kedo 
L. malevkensis Naumova 
L. rarituberculatus (Luber) Kedo non Naumova 

CONCLUSIONS 

The primary objective of this presentation has been to indicate those 
species that occur with Hymenozonotriletes lepidophytus in eastern, 
south-central, and northwestern Canada. This information is summar
ized in Table 1. 

Several species occurring with H. lepidophytus in the Ardenno
Rhenish basin of western Europe, and to which Streel (1966, 1968) 
attached stratigraphic significance (e.g. Dicrospora multifurcata, Hyme
nozonotriletes pusillites, and Lophozonotriletes rarituberculatus), also 
occur with H. lepidophytus in Canada. Probably they will be stratigra
phically significant in Canada as well, even if their ranges should prove 
not to coincide in every instance with the ranges in Europe. 
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TABLE 1. -- Occurrence of selected spore species in lepidophytus-assemblages 
in Canada 

cf. Acanthotriletes rarisetosus 
Archaeozonotriletes amplectus 
A. literatus 
? Corbulispora subalveolaris 
? Cristatisporites echinatus 
? Dicrospora multifurcata 
Grandispora echinata 
? Hymenozonotriletes explanatus 

/z:.:,?1 H. famenensis in Neves & Dolby 
~ H. lepidophytus 

___.H. pusillites 
? H. rugosiusculus 

~ _Hystricosporites sp. 
Laevigatosporites sp. 

-Lophozonotriletes cristifer 
L. malevkensis 
L. raritu berculatus 

~Re)iculatisporites? fimbriatus 
Retusotriletes incohatus 
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For example, Hymenozanotriletes pusillites, ? H. famenensis Kedo 
in Neves & Dolby, and ? Dicrospora multifurcata do not occur in 
either of the two Imperial Formation assemblages from the Yukon 
Territory, whereas Lophozonotriletes malevkensis and L. raritubercu
latus do not occur in the Ontario and Nova Scotia assemblages. The 
latter two species appear in the stratigraphic record later in Europe 
(Streel 1968 ; Kedo 1963) than do the former three, and their presence 
in the samples from the Yukon supports the contention that the assem
blages from the Imperial Formation are younger than those from 
Ontario and Nova Scotia (Fig. 1). 
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The data presented in the foregoing leaves many questions unans
wered regarding the precise age of the assemblages : the spore content 
of subjacent and superjacent beds, and hence the local stratigraphic 
range of the spores ; the relationship of lithology to spore content of 
the rocks ; the relative abundance of species in each assemblage ; and 
the identity of those spores that were present but not identified. The 
stratigraphic potential of these assemblages in Canadian rocks can be 
realized when detailed taxonomic and quantitative studies are made 
of the Canadian lepidophytus assemblages, as well as of the super
and subjacent assemblages, in precisely dated reference sections. · 
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Preliminary foraminif er al correlations 
of early Carboni£ erous strata 

in the North American Cordillera 

B.L. MAMET 1 & B.A. SKIPP 2 

With 3 text-figures. 

ABSTRACT. 

Early Carboniferous strata of the North American Cordillera are subdivi
ded into 14 foraminiferal zones ranging from Tournaisian to Namurian in age. 
These zones have been identified in most Carboniferous basins from Alaska 
to Arizona and can be correlated with the original Lower and basal Upper 
Carboniferous stratigraphic sequence of Eurasia. 

RESUME. 

Le Carbonifere lnffrieur des Cordilleres americaines est divise en 14 zones 
de Foraminiferes, zones qui vont du Tournaisien au Namurien; reconnues dans 
la plupart des bassins depuis l'Alaska jusqu'a !'Arizona, elles permettent des 
correlations directes avec le Carbonifere Inferieur et la base du Carbonifere 
Superieur de l'Eurasie. 

I. INTRODUCTION 

The extension of the classical stages beyond their original basins 
can be achieved only if the palaeontological criteria on which they are 
identified have a wide palaeobiological dispersion. In the Late Palaeo
zoic several fossil groups fulfill this condition : ammonoids and cono
donts have been shown to be of great value in intercontinental 
zonation ; similarly it appears that calcareous small foraminifera are a 
useful tool for far-ranging correlations. 

1 Departement de Geologie, Universite de Montreal, Case Postale 6128, 
Montreal 101, Canada. 

2 U.S. Geological Survey, Denver, Colorado, U.S.A. 
Publication authorized by the Director, U.S. Geological Survey. Stratigraphic 

nomenclatures slightly departs from generally accepted usage. 
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The foraminiferal scheme originally introduced by Rauser-Chernous
sova and her school (Lipina, Reitlinger) for the zonation of the Carbon
iferous of the Russian Platform, the Urals and Kazakhstan, has been 
gradually extended by the researchers of the Academy of Science of 
the Ukraine in the Donbass (Aizenverg, Braznikhova, Vdovenko), by 
Grozdilova and Lebedeva of the Petroleum Institute of Leningrad in 
Central Asia, and recently by Solovieva, Solomina, Ustritz, and Cher
nyak of the Arctic Institute of Leningrad in the Siberian Arctic (see 
Toomey & Mamet 1967, 1968 for the bibliography). 

A similar zonation can also be recognized in England (Cummings 
1958, 1961) and in Belgium (Mamet 1962, Conil, Lys & Mauvier 
1964). Although the foraminiferal assemblages described in Belgium 
by Conil & Lys (1964) appear to have little taxonomic resemblance to 
those of the Russian Platform or England (Juferev 1967), this discrep
ancy is apparently due to the use of infrasubspecific taxonomy. 

In the United States, quite independently of the Russian authors, 
Zeller (1967) recognized the stratigraphic usefulness of the endothyr
oids and proposed a succession of five assemblage zones for the 
Carboniferous (Mississippian) of the American Cordillera ; because it 
duplicates pre-existing Russian work, the taxonomy used by Zeller 
must be partly revised, but the general phylogenetic scheme can be tied 
to Eurasia (Mamet 1962, Reitlinger 1965). A more refined approach 
was presented by MacKay & Green (1963), who recognized the pre
sence of some « Russian » fauna in the Lower Carboniferous of Alberta. 
For a discussion of the range and value of this scheme, which consists 
of 8 assemblage zones, see Petryk, Mamet & MacQueen (1970). 

According to Mamet (1962), the dispersal of all Lower Carbonif
erous foraminiferal families and the majority of genera was « cosmo
politan» in the Northern Hemisphere, and the original Lower Carbonif
erous stage nomenclature could therefore be extended to North America. 
The extensive spread of the Tournayellids has been further docu
mented by Skipp, Holcomb & Gutschick (1966). More recent work in 
the North American Cordillera (Mamet 1968, Mamet & Mason 1968, 
Mamet & Gabrielse 1969, Sando, Mamet & Dutro 1969, Mamet & 
Skipp, in press) has confirmed the general, widespread dispersion of the 
small foraminifers. Although endemic species are naturally more 
common than the « cosmopolitan » forms, there are enough elements 
in common between Eurasia and North America to allow direct corre
lations ; ninety-six percent of the genera and all of the families recog
nized in North America have been previously recognized in Eurasia. 
Since most of the zones used in this report are characterized by the 
appearance or acme at the generic level, it is suggested that Carboni£-

328 



erous foraminifera are a potentially useful tool for the recognition of 
a unified stratigraphic scheme valid in the Northern Hemisphere (1). 

II. OUTLINE OF THIS STUDY 

The correlation chart presented herein (Fig. 3) is rhe preliminary 
result of investigations conducted in association with A.K. Armstrong, 
J.T Dutro Jr., W.J. Maple & W.J. Sando, of the U.S. Geological 
Survey, and E.W. Bamber, H. Gabrielse, R. MacQueen and R. Procter 
of the Geological Survey of Canada. Since Carboniferous macrofauna 
has been studied for more than a century, most collections used in this 
report were originally gathered for brachiopods or corals ; fortunately 
this facies is very favourable to foraminifera and there was usually 
enough matrix accompanying the macrofauna to allow the necessary 
thin sections to be cut. This work is based on the examination of 
approximately five thousand samples. 

The size of the area under investigation (approximately 3500 miles 
in length), the diversity of facies encountered (ranging from stable 
platform to unstable eugeosyncline), the difficulties of access (most sec
tions north of Fort St.John must be reached by helicopter), the great 
thickness of the sections (one to three thousand meters are common) 
and the diachronism of the formations, render the establishment of a 
complete and comprehensive stratigraphic scheme for the North Amer
ican Cordillera impossible at present. However, at this time, it appears 
useful to report on the preliminary results of the foraminiferal zonation 
in correlating the different carbonate basins of the Cordillera. 

III. PALAEOBIOGEOGRAPHY (Fig. 1) 

The Carboniferous carbonate belt from Alaska to Arizona belongs 
to a single faunal province in which faunal exchanges have been conti
nuous and widespread ; hence the same phylogenic scheme can be 

(1) It is to be noted that some discrepancies are observed between conodont 
and foraminiferal age determinations. In particular, nowhere in the region 
studied an Osage foraminiferal microfauna has been discovered grading into 
mid-Visean. Moreover, the order of appearance of the Tetrataxidae-Biseriam
minidae-Archaediscidae-Eostaffellidae-Pseudoendothyridae remains fairly constant 
in North America (Mamet & Skipp, in press). This suggests that further studies 
on intercontinental correlations between the Midcontinent area and Europe 
should be continued in order to reach a common agreement. 
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Fig. l. - Geographical locations and palaeobiogeographical realms. 

1) Skimo Creek, Alaska. 
2) Shainin Lake, Alaska. 
3) Itkillik Lake, Alaska. 
4) Echooka River, Alaska. 
5) Ikiakpuk River, Alaska. 
6) Sadlerochit Mountains, Alaska. 
7) Eagle Plains and Ogilvie Mountains, Alaska and Yukon. 
9) McDame Map area, British Columbia. 

10) Toti, Madre de Dias, Shelikof and Peratrovitch Islands, Alaska. 
11) Yohin Ridge, Northwestern Territories. 
12) Muskwa River Area, British Columbia. 
13-14) Fort St. John area, British Columbia. 
15-16) Main Range and Foothils, southwestern Alberta. 
17-18) Lost River Range, Idaho. 
19) Cabin Creek, Idaho. 
20-21) Idaho depositional province of Sando (1967). 
22-23) Montana depositional province of Sando (1967). 
24-25 Wyoming depositional province of Sando (1967). 
26-27) Colorado Plateau, Arizona. 
28) Southeastern Nevada. 

applied in the basal Lisburne Limestone of Alaska or in the Redwall 
Limestone of Arizona. 

In spite of this unity, two realms are recognizable (Mamet 1962, 
1968 ; Mamet & Belford 1968); a « Taimyr-Alaska realm» in the 
north and a «North American realm» in the south. The Taimyr
Alaska fauna is transitional with the Eurasiatic fauna and has many 
taxa in common with the Verkoyansk, Kuznetz and Taimyr region ; 
from northeastern British Columbia to Arizona, the foraminiferal 
assemblages are fairly constant and characterize the North American 
realm (Mamet & Skipp, in press). 

In the region under study, the Taimyr-Alaska realm can be further 
divided into two sub-realms ; a northern Alaska sub-realm characterized 
by poor monospecific assemblages, each genus being represented by 
only one or two species, and a much richer southern Alaska sub-realm 
with a greater specific diversity. The Lisburne Group typifies the first 
sub-realm, and the best example of the second is observed in the 
Peratrovitch Formation, the fauna of which is the most « Eurasiatic » 
of all known North American assemblages (e.g. the presence of a rich 
Endothyranopsis sphaerica-lanichewkina-Bradyina assemblage un
known elsewhere in North America). The difference between the 
northern and southern populations in Alaska may have been due to 
a water temperature difference (Stehli 1968). 
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It is to be emphasized that these realms and sub-realms are not 
provinces and that faunal exchanges have been widespread throughout 
the whole Carboniferous ; for instance the Archaediscus-Neoarchaedis
cus-Planospirodiscus-Asteroarchaediscus zonal succession, well dis
played in the Chester equivalents of Idaho (Sando, Mamet & Dutro 
1969), can also be recognized in the Etherington Formation, as well as 
in the Calico Bluff Formation and the Lisburne Group of Alberta and 
Alaska. 

IV. PHYLOGENIC DEVELOPMENT OF THE FAMILIES (Fig. 2) 

Although the phylogenic development of the families is not as clear 
in the North American Cordillera as it is in the Eurasiatic succession, 
it generally follows a similar pattern (Mamet 1965). 

The root stock of the Earlandiidae (I), Cornuspiridae (II), Tour
nayellidae (III) and primitive Endothyridae (IV) is of Late Devonian 
age and will not be discussed here. The first identifiable Tournaisian 
assemblage, zone « pre-7 » is composed exclusively of these four fami
lies ; the Earlandiidae (I) and Cornuspiridae (II) have little stratigraphic 
value at the scale used in this report, but in contrast, the Tournayellidae 
(III) reach their acme in middle and late Tournaisian time. Among the 
Endothyridae, the Tuberendothyra-Spinoendothyra assemblage (IV1

) 

is abundant in the late Tournaisian, Endothyra sensu stricto (JVII) 
appears at the same level and develops in late Visean-early Namurian, 
while Globoendothyra (JVIII) and Eoendothyranopsis (IV1v) appear in 
early Visean. 

The Forschiidae (V) are derived from the gigantic late Tournaisian 
tournayellids by incipient agglutination of the wall ; the family is poorly 
developed in North America and the widespread Eurasiatic Lituotu
bella, Forschia and Forschiella are rare or absent. 

The root stock the Palaeotextulariidae (VI) is imperfectly known in 
North America, Eotextularia having only been encountered once in an 
isolated early Visean outcrop of British Columbia. In the late Visean 
of the Cordillera, the family is well represented by Palaeotextularia, 
Koskinobigenerina, Cribrostomum, Climacammina and Deckerella. 

The Biseriamminidae (VII) and Tetrataxidae (VIII) are derived 
from the same endothyroid stock of late Tournaisian age ; both are 
poorly represented in North America, the first one by the Namurian 
Globivalvulina ? parva and the latter mostly by Tetrataxis. 

The Archaediscidae with open lumen (Archaediscus, Propermodis
cus, Planoarchaediscus) (IX) are derived from the Cornuspiridae in 
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Fig. 2. - Phylogenic development of the foraminiferal families observed in 
the North American Cordillera. 

I) Earlandiidae. 
II) Cornuspiridae. 

III) Tournayellidae. 
IV) primitive Endothyridae. 

IV I Tubere11dothyra-Spi11oe11dothyra. 
IV II Endothyra sensu stricto. 
IVIII Globoendothyra. 
IVIV Eoe11dothyra11opsis. 

V) Forschiidae. 

VI) Palaeotextulariidae. 
VII) Biseriamminidae. 

VIII) Tetrataxidae. 
IX) Archaediscidae with open lumen. 

IXI) Archaediscidae with coalescent lumen. 
X) Eostaffellidae. 

XI) Pseudoendothyridae. 
XII) primitive Bradyinidae. 

XIII) primitive Lasiodiscidae. 
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Visean times ; Archaediscidae with coalescent lumen (N eoarchaedisci
dae, Asteroarchaediscidae) (IX1

) appear in late Visean and become 
one of the most widespread groups of Namurian foraminifera. 

Eostaffellidae and Pseudoendothyridae (X and XI) are derived in 
the Visean from the Endothyridae, but both families are numerically 
insignificant until late Visean times when they develop at the expense 
of Eoendothyranopsis. Primitive Bradyinidae (Endothyranopsis) (XII) 
appear in mid-Visean; with the exception of Alaska, the family is 
poorly represented in the Lower Carboniferous of North America. 

Finally, primitive Lasiodiscidae (XIII) are derived from the Tetra
taxidae in the latest Visean ; they do not become conspicuous elements 
of the fauna until late N amurian times. 

V. OUTLINE OF A ZONATION FOR THE EARLY CARBON
IFEROUS OF THE NORTH AMERICAN CORDILLERA 

Reports of local successions of microfaunal assemblage-zones are 
given for Alberta in Mamet (1968), Mamet & Mason (1968) ; for 
Wyoming, Idaho, Montana and Utah in Sando, Mamet & Dutro (1969); 
and for Arizona in Skipp (1970). A general zonal scheme for North 
America is also outlined in Mamet & Skipp (in press) ; for the Cor
dillera as a whole, the zonation may be summarized as follows : 

The Eurasiatic Quasiendothyra :z;onation is not applicable in the 
Cordillera because of the lack of microfaunas in this interval ; hence, 
the exact equivalents of zones 4, 5 and 6 are unknown (Mamet & 
Playford 1968). Moreover, because of a generally unfavourable micro
facies at the base of the Tournaisian (radiolarites, radiolarite-spiculite 
cherts, spiculite siltstones, bryozoan-pelmatozoan packstones) « pre-7 » 
foraminiferal assemblages are very poor, and usually restricted to 
monocular, unsegmented foraminifera or incertae sedis. Septaglomo
spiranella, Septabrunsiina and Latiendothyra are also present. 

The middle Tournaisian Zone 7 is characterized by the acme of 
Septaglomospiranella primaeva (Rauser in Chernysheva) associated 
with the earliest Palaeospiroplectammina, Chernyshinella and abun
dant Latiendothyra and Rectoseptaglomospiranella. 

The early late Tournaisian Zone 8 is recognized on the acme of 
Tuberendothyra (T. tuberculata (Lipina), and Septabrunsiina parak
krainica Skipp, Holcomb & Gutschick), while Chernyshinella and Rec
toseptaglomospiranella are progressively eliminated. The acme of 
Spinoendothyra (Sp. spinosa (Chernysheva), Sp. bellicosta (Malakhova), 
Sp. paracostifera (Lipina), accompanied by spinose tournayellids (Car-
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bonella), is characteristic of Zone 9. The first appearance of Eoforschia 
and Tetrataxis is also characteristic of this latest Tournaisian zone. 

The earliest Visean Zone 10 is characterized by the proliferation 
of Globoendothyra (notably G. baileyi Hall), accompagnied by residual 
spinoendothyrids. Rare Eoendothyranopsis appear at this level. The 
proliferation of Eoendothyranopsis spiroides (Zeller) accompanied 
by Stacheia-Stacheoides is characteristic of Zone 11. Whilst the last 
Tournaisian endothyroids and tournayellids are usually scarce above 
this level, Koninckopora and Palaeotextularia are conspicuous elements 
of the microfacies of Zone 12. 

The late middle Visean Zone 13 is recognized on the proliferation of 
Archaediscidae (Archaediscus of the group A. krestovnikovi Rauser, 
Propermodiscus sp.) and the first appearance of Endothyranopsis (E. 
compressa Rauser & Reitlinger), and Eoendothyranopsis of the group 
E. pressa (Grozdilova in Lebedeva). 

The early late Visean Zone 14 is recognizable on the acme of 
Eoendothyranopsis of the group E. ermakiensis (Grozdilova in Lebe
deva), Eoendothyranopsis macra (Zeller), Eoendothyranopsis utahensis 
(Zeller) and the first appearance of Banffella banffensis gen. nov. (2). 

Zone 15, of middle late Visean age, is recognized on the first appear
ances of Endothyranopsis crassa, of bilayered Palaeotextulariidae and 
of gigantic Archaediscidae ; the zone coincides with the acme of Eoen
dothyranopsis. 

(2) Banffella gen. nov. Mamet. 

Type: Endothyra ? banffensis MacKay & Green 1963, Res. Council Alb. Bull. 
10; 30-31, pl. 10, fig. 15. Mount Head Formation, Opal Member of MacQueen, 
Zone 14, early late Visean, Tunnel Mountain Section, Banff, Alberta. 

Diagnosis : Test planispiral, regularly coiled, involute ; proloculum followed 
by 3 1h to 5 Yz tight volutions ; expansion rate of the coiling slow to moderate ; 
septa well developed, slightly anteriorly directed in the early volutions, ante
riorly directed and often transformed into cuneiform pseudosepta in the 
penultimate and ultimate coils ; chambers numerous, 11-13 in the last whorl, 
40-50 in the adult shell ; wall calcareous, easily recrystallized, loosely « pseudo
fibrous » as in Endothyranopsis or Eoendothyranopsis. 

Comparison : By the identical coil, wall structure and secondary deposits 
Banffella is closely allied to Eoendothyranopsis, but differs by its pseudosepta
tion in the last coils, a character opposite to the septa! development generally 
observed among the Tournayellidae-Endothyridae. This degenerative character 
is not linked to a local resorption phenomenon. 

Distribution : Early and middle? late Visean of the North American 
Cordillera. 
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Zone 16; in North America is marked by the elimination of many 
early and mid-Visean forms such as Eoendothyranopsis and Eoforschia 
and the concurrent proliferation of Endothyra sensu stricto and Zellerina 
discoidea (3) gen. nov. Wall coalescence is observed for the first time 
in Neoarchaediscus. 

The latest Visean Zone 16. is characterized by the acme of N eo
archaediscus, the presence of Planospirodiscus and by gigantic Pseudo
endothyra (P. of the group P. kremenskensis Rozovskaia, and P. of the 
group P. circuli (Thompson)). 

The earliest N amurian Zone 1 7, which also contains faunal elements 
of Zone 16. is recognizable on the proliferation of Asteroarchaediscus, 
whereas the overlying early Namurian Zone 18 has Globivalvulina? 
parva (Chernysheva) in addition and rare Eostaffelina at its top. 

Zone 19 is characterized by the elimination of most Archaediscidae 
sensu stricto and the brief acme of Eosigmoilina ? The zone is early 
Bashkirian in age and corresponds entirely or in part to the N amurian 
Homoceras Zone. 

Zone 20 is identifiable on the first occurrence of Lipinella and 
Millerella sensu stricto and could partially be equivalent to the late 
Bashkirian of the Russian Platform. Should this hypothesis be correct, 
the zone straddles the Namurian-Westphalian boundary (Gordon 1964). 

(3) Zellerina gen. nov. Mamet. 
Type: Endothyra discoidea Girty 1915, U.S. Geo/. Surv. Bull. 593: 27, pl. 

10, fig. 11, 13-16, 11011 fig. 12. 
Batesville Sandstone, Zone 16

5
, latest Visean, Arkansas. 

Diagnosis : Shell lenticular, planispiral, involute, non-keeled, with smooth 
periphery and faint umbilici. Proloculum followed by 3-4 rather regularly 
coiled whorls. Ten to twelve chambers in the last whorl, usually 25-35 in the 
adult shell. Septa nearly straight, anteriorly directed. Secondary deposits 
feedly developed, in the form of the minute pseudochomota. Wall calcareous, 
trilayered. 

Comparison : The genus is transitional between an advanced « Endothyra » 

of the group E. prisca (Rauser-Chernoussova & Reidinger) and Eostaffella. 
The character of the wall, the subquadratic chambers and the septation link 
Zel/erina to the Eostaffellidae. It differs from Mediocris by the lack of umbilic
al plug, from Endostaffella by the greater regularity of the coil, and from 
Mil/ere/la by its involute coil. 

Distribution: Very common in late Visean-early Namurian of North Amer
ica (Chester). Uncommon in Indochina (Mamet & Saurin 1970). Not reported 
elsewhere in Eurasia. Most « Millere/la » described by Zeller in the Ch~ster 
of the American Midcontinent (1953) belong to Zellerina. 

336 



However, the upper part of the late Bashkirian contains Profusulinella, 
whereas this fusulinid is known for the first time in Zone 22 of the 
American Cordillera. 

It is to be noted that outside Alaska, the primitive forms of Pseudo
staffella (Ps. antiqua) are not known in the Cordillera and that 
« Bashkirian » equivalents are identified here mostly on non-fusulinid 
foraminifera. 

The youngest zone identified in this report (Zone 21) is based on 
the appearance of Eoschubertella-Pseudostaffella. 

VI. CORRELATIONS (Fig. 3) 

The absence of provincialism, rapidity of evolution and widespread 
occurrence of Carboniferous foraminifera all facilitate the establishing 
of foraminiferal correlations in the Cordillera. These are summarized 
in Figure 3 and are discussed below, region by region. 

1-6) NORTHERN ALASKA (investigation in progress with AK. 
Armstrong & J.T. Dutro, Jr., U.S. Geological Survey). 

Lithostratigraphic units : Lisburne Group; Wachsmuth, Alapah 
and Wahoo Limestones. 

The foraminifera of the thick, bryozoan-pelmatozoan carbonate 
succession of the Lisburne Group (Schrader 1902, Bowsher & Dutro 
1957, Brosge 1960) have been studied from the central to the north
eastern part of Brooks Range (Armstrong, Mamet & Dutro 1970). 

The allochthonous sections (Skimo Creek, Shainin Lake, Itkillik 
Lake) expose a fairly good succession of assemblage zones ranging 
from late Tournaisian to late Visean-early N amurian in age. The 
contact with the underlying Kayak Shale is gradational and the top of 
the latter formation is assumed to be of Tournaisian age in this area. 
The top of the Lisburne Group is eroded at Skimo Creek and the 
Permian Siksikpuk Formation rests unconformably on Namurian 
strata. The Wachsmuth and Alapah Limestones (Bowsher & Dutro 
1957) yield late Tournaisian to late Visean assemblages. The Visean 
Lisburne fauna has great similarity with the Endothyranopsis fauna 
described by Solovieva from the eastern Taimyr (1967). 

Zones 13 to 21 have been recognized in the autochthonus units of 
the northeastern Brooks Range, but the early Namurian microfauna 
is very poorly developed. The Kayak Shale is clearly diachronous for 
it contains rocks of mid-Visean age in this area, as was pointed out by 
Brosge et al. (1962). 
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7) EASTERN ALASKA (investigation in progress with AK. Arm
strong and B.A Skipp, U.S. Geological Survey). 

Lithostratigraphic unit : Calico Bluff Formation. 
The shaly, silty carbonates of the Calico Bluff Formation (Brooks 

& Kindle 1908, Wedow 1954) yield good fofaminiferal assemblages, 
but the underlying and overlying beds are undated. In its type locality, 
the base of the Calico Bluff Formation falls within Zone 165 , as char
acterized by abundant Neoarchaediscus-Planospirodiscus; its top is 
probably equivalent to the Reticuloceras Zone, although the abundance 
of non-diagnostic attached Cornuspiridae and the scarcity of Fusulin
idae preclude a more precise zonation. Gordon (1957) has described 
P 2 and E Zone goniatites from the Calico Bluff Formation in its type 
area. 

8) YUKON TERRITORY (investigation in progress with E.W. 
Bamber, Geological Survey of Canada). 

Lithostratigraphic units ; unnamed recessive unit and Lower Lime
stone Unit. 

Visean (Sellers & Furnish 1960, Ross 1967) and Namurian equi
valents of the Lisburne Group and the Calico Bluff Formation are 
known in the Eagle Plains and Ogilvie Mountains in the northwestern 
part of the Yukon Territory. Because this succession is dominated by 
silty micritic limestone, microcrystalline dolomite and shale, the micro
fauna is poorly developed ; the one exception being the equivalent of 
the mid-Namurian Makarov fauna of Siberia (Chernyak & Shedov 
1960, Sossipatrova 1962, Ustritsk 1962, Solomina 1962, Ustritsk & 
Chernyak 1967). An extensive development of carbonates is present 
in the overlying Limestone Unit (Nelson 1961, 1968), the base of 
which contains an Eoschubertella-Pseudostaff ella assemblage. 

9) NORTHWESTERN BRITISH COLUMBIA. 
Lithostratigraphic unit : Nizi Formation. 
The impure bryozoan-pelmatozoan packstones and mudstones of 

the Nizi Formation (Gabrielse 1963) rest unconformably on the Devon
ian and are of late Visean-early Namurian age (zones 16 to 18) ; the 
1600-feet thick succession is faunally and sedimentologically compar
able to the Etherington Formation of southwestern Alberta (Mamet 
& Gabrielse 1969). 

10) SOUTHERN ALASKA (investigation in progress with AK. 
Armstrong, U.S. Geological Survey). 

Lithostratigraphic unit : Peratrovitch Formation. 
Scattered discontinuous outcrops of cherty limestones and dolomites 

northwest of Prince of Wales Island (Toti Island, Madre de Dios Island, 
Shelikof Island, Peratrovitch Island) yield excellent mid-Visean to 
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early Namurian foraminiferal assemblages. Additional work is still in 
progress to determine the exact age of the top of the formation. This 
North American microfauna shows great similarity with the Eurasiatic 
fauna and is therefore of particular importance for the relationship 
between « European » and « American » zonations. 

11-14) NORTHWESTfRN TERRITORIES AND NORTHEAST
ERN BRITISH COLUMBIA (investigation in progress with E.W. 
Bamber and R. Procter, Geological Survey of Canada). 

Lithostratigraphic units : Prophet, Upper Banff, Pekisko, Shunda, 
Lower and Upper Debolt, Golata ? Formations. 

The Prophet Formation in its type locality (Sutherland 1958) exhibits 
a litho- and biostratigraphic succession similar to that observed in the 
Flett Formation ; upper Osage to St. Louis equivalents have been 
encountered. The underlying Besa River radiolarite (Sutherland 1958, 
Kidd 1963) yields no foraminiferal microfauna. 

The subsurface Carboniferous succession of the Fort St-John region 
is particularly well suited to foraminiferal correlation, which can be 
followed over more than 200 miles from the northern part of the basin 
(H.B. Imperial - Union Paddy a-49-B(l), Imperial Khantah # 1, Altair 
et al. Tenaka d-82-L) to the south (Texaco NFA Boundary Lake, 
6-6-86-13(1), Pacific Imperial Parkland 6-29-81-15). The Pekisko, 
Shunda, Lower and Upper Debolt Formations (Irish 1963, Procter & 
Macauley 1968) show little diachronism; the Pekisko Formation is 
consistently middle Tournaisian, the Shunda Formation late Tournai
sian, the Lower Debolt early to early middle Visean and the Upper 
Debolt late middle to early late Visean. Triassic, Permian or Carbonif
erous sediments rest on the eroded Visean succession. Reworked 
Visean cherts of Zone 14 are often incorporated in these late Palaeozoic 
sediments. In some places, the Golata? Formation (Halbertsma 1959) 
yields late Visean foraminifera. The exact age range of the Stoddard 
Group (Rutgers 1958) must be determined on other grounds, since 
little microfauna has been observed in these strata. 

15-16) SOUTHWESTERN ALBERT A (investigation in progress 
with E.W. Bamber and R.W. Macqueen of the Geological Survey of 
Canada). 

Lithostratigraphic units : Banff, Pekisko, Shunda, Turner Valley, 
Livingstone, Mount Head and Etherington Formations. 

The Canadian Cordillera between Jasper and Crownest Pass (for 
references, see Macauley, Penner, Procter & Tisdall 1964) is parti
cularly well suited to bio- and lithostratigraphic investigations because 
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of its continuous exposures for approximately 300 miles. Since the 
work of Douglas (1958), Moore (1959) and Nelson (1960, 1961) the 
region has become a standard reference area for Carboniferous strati
graphy (for a complete bibliography see Macqueen & Bamber l 968a, 
1968h). However, a slight diachronism in several stratigraphic units is 
observed from northwest to southeast, and facies changes render corre
lations sometimes difficult. 

The microfauna at the top of the Banff Formation is very poor 
throughout the whole region (Petryk, Mamet & Macqueen 1970). 
The Pekisko Formation in the Moose Mountain and Banff-Clearwater 
Rivers areas falls within the upper part of Zone 7, but, because of the 
appearance of a new oolitic unit at its top, it grades into Zone 8 to 
the northwest (Macqueen & Mamet, in press). The Shunda Formation 
in its type locality (Stearn 1956) is late Tournaisian in age (Oswald 
1968), as is the Shunda Formation of the Fort St-John region. The 
Shunda-Turner Valley contact is slightly diachronous near the Tour
naisian-Visean boundary. The Turner Valley microfauna is poorly 
known due to dolom~tization and recrystallization of the unit. These 
three formations grade laterally into the poorly stratified pelmatozoan
bryozoan Livingstone bank facies. The Mount Head rhythmic sequence 
(Baril, Wileman, Salter, Loomis, Marston and Carnarvon members of 
Douglas 1958) is only well developed in the southeast (Highwood Pass) 
and grades laterally into a pseudo- « Livingstone » sequence of mid
Visean age (Macqueen & Bamber 1968b). The late Visean-early Nam
urian sequence (Lower to Upper Etherington) appears to be isochronous 
and the Carnarvon/Etherington contact is at the 15/16i boundary in 
the whole region under study (Mamet 1968). The exact age of the 
Rocky Mountain Group is still undetermined. 

This platform sequence grades to the west into a very thick miogeo
synclinal sequence which can be roughly correlated with the succession 
in the type-Livingstone Mount Head region (Mamet & Mason 1968). 

17 to 19) CENTRAL IDAHO (work in progress with J.T. Dutro, 
W.J. Maple). 

Lithostratigraphic units : White Knob, Middle Canyon, Scott Peak, 
South Creek and Surrett Canyon Formations. 

Very thick sequences of carbonate rocks overlying the Milligen Form
ation, are known in the Challis National Forest (Lost River Range) 
(Maple 1965) ; the exposures are restricted to approximately 60 miles 
of thrust sheets, but little diachronism has been detected between the 
outcrops of the late mid-Visean Middle Canyon, late Visean Scott 
Peak, latest Visean South Creek and early Namurian Surrett Canyon 
Formations. 
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The succession is of particular stratigraphic importance as it exposes 
a continuous succession from Chester to Morrow (Zones 18, 19, 20). 
In the American Midcontinent equivalents of the Homoceras Zone 
are missing (Gordon 1964) and the Pennsylvanian beds rest unconform
ably on the eroded Chester Group. In Idaho, the top of the Surrett 
Canyon Formation yields the acme of the Eosigmoilina ? assemblage ; 
it is therefore the time-equivalent of part of the Homoceras Zone of 
Western Europe and of the basal « Bashkirian » of Russia. 

The nearby White Knob Limestone at Cabin Creek (Skipp 1961, 
Skipp & Mamet, in press) overlies beds similar to the Milligen Form
ation and exposes a succession similar to that observed in the Lost 
River Range. However, the top of the formation, not younger than 
Zone 18, is eroded, and overlain by Tertiary volcanics. 

20-21) SOUTHEASTERN IDAHO AND NORTHEASTERN 
UTAH. 

Lithostratigraphic units : Lodgepole, Little Flat and Monroe Canyon 
Formations. 

The Idaho depositional province of Sando (1967) in the Chesterfield 
Range is characterized by a widespread hiatus between the mid-Tour
naisian Lodgepole Formation and the Visean Little Flat Formation 
(Dutro & Sando 1963, Sando 1967, Sando, Mamet & Dutro 1969). 
The eroded top of the Monroe Canyon Formation (Dutro & Sando 
1963) is overlain by the Wells Formation of Late Carboniferous age 
undetermined by foraminifera. 

22-23) SOUTHEASTERNMOST IDAHO AND WESTERN 
WYOMING. 

Lithostratigraphic units : Lodgepole, Mission Canyon and Amsden 
Formations. 

The Montana depositional province of Sando (1967) is characterized 
by the Lodgepole and Mission Canyon Formations (Collier & Cathcart 
1922, Sloss & Hamblin 1942, Sando & Dutro 1960, Sando 1967, 
Sando, Mamet & Dutro 1969) overlain disconformably by the Amsden 
Formation (Darton 1904). The Lodgepole and Mission Canyon repre
sent a Tournaisian-early Visean succession and the Amsden ranges 
from middle or late Visean into the middle Namurian, possibly m
cluding a discontinuity at the Mississippian/Pennsylvanian boundary. 

24-25) CENTRAL WYOMING. 

Lithostratigraphic units : Madison and Amsden Formations. 

The Wyoming depositional province of Sando (1967) is characterized 
by the Tournaisian-early Visean Madison Formation (Peale 1893, 
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' Sando 1967", Sando, Mamet & Dutro 1969) which is unconformably 
overlain by the Visean and Namurian Amsden Formation. 

26-27) ARIZONA. 

Lithostratigraphic unit : Redwall Limestone. 

The sedimentology, litho- and biostratigraphy, macro- and micro
palaeontology of the Redwall Limestone (Gilbert 1875, Noble 1923) 
have recently been thoroughly investigated in northwestern Arizona 
(Skipp in McKee & Gutschick 1970). The Whitmore Wash, Thunder 
Spring, Mooney Falls and Horseshoe Mesa Members (McKee 1963) 
have been shown to be slightly transgressive from west to east ; with 
a range in age from early Tournaisian to early late Visean. An isolated 
outcrop of Chester dated on macrofauna is also known in this region, 
but has not yielded any foraminifera. The Redwall Limestone is over
lain unconformably by the Supai Formation of Namurian age, undated 
by foraminifera. 

28) NEV ADA (investigations in progress with P. Brenckle). 

Lithostratigraphic units : Crystal Pass, Dawn, Anchor, Bullion, 
Yellowpine, Battleship Wash, Indian Spring and Bird Spring Forma
tions. 

The Arrow Canyon Formation of southeastern Nevada yields one of 
the most complete sections of Lower Carboniferous rocks in North 
America. The underlying Crystal Pass Limestone of Late Devonian 
age (Hewett 1931) extends into the middle Tournaisian. The Dawn, 
Anchor, Bullion and Yellowpine Members of the Monte Cristo Lime
stone range in age from late Tournaisian to late Visean. A late Visean 
hiatus is present in the Battleship Wash Formation (Longwell & Dunbar 
1936, Langenheim & Langenheim 1965) which is overlain by the 
Namurian Indian Spring and Bird Spring Formations. The Eosigmoili
na ? Zone is well displayed at the contact between these formations. 

CONCLUSIONS 

We have shown that different realms are present in the North Amer
ican Cordillera. These display a unified foraminiferal zonation with 
some variation in the affinities of the foraminifera . present in each 
realm. The faunal succession established in Eurasia can be applied in 
western North America. It is therefore concluded that Early Carbonif
erous small foraminifera are potentially as important as the Late 
Carboniferous fusulinids for inter-regional correlation. Although· their 
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adult stage is mostly benthonic and even though they are obviously 
facies dependent, the rapidity of their evolution combined with their 
wide dispersal render them extremely useful for carbonate platform 
and basin correlations. They should therefore become, within the next 
decade, one of the most useful stratigraphic tools in deciphering the 
palaeogeographic history of the Carboniferous seas. 
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Recognition of the Devonian-Carboniferous boundary 
by palynological methods 

B. OWENS 1 

ABSTRACT. 

It is apparent from a review of the published literature concerned with the 
stratigraphic palynology of the Devonian-Carboniferous boundary that there is 
no marked microfloral change at the boundary but rather a progressive re
placement of the microfloral elements. Certain species appear, however, to have 
considerable stratigraphic value for the recognition of horizons above and 
below the actual boundary. 

RESUME. 

La revue de la litterature qui concerne la palynologie stratigraphique de 
la limite Devonien/Carbonifere ne fait pas apparaitre un changement de micro
flore marque a cette limite mais plutot un remplacement progressif des ele
ments de cette microflore. Certaines especes ant cependant une signification 
stratigraphique considerable pour reconnaitre les horizons au-dessus ou en
dessous de la limite actuelle. 

This review is an introduction to a series of detailed reports of indi
vidual regions which was presented as a special project at the reunion 
of the Commission Internationale de Microflore du Paleozoi"que held 
in Liege, Belgium in 1969. Its purpose is to summarize the advances 
which have been made in the definition of the Devonian-Carboniferous 
boundary by palynological methods. All established boundaries within 
these two systems are defined by palaeontological (non-palynological) 
criteria. The aim of the Liege project was to ascertain whether the 
existing boundary at the Devonian-Carboniferous junction could be 
demonstrated by changes in the vertical distribution of the miospores, 
and if not, what alternative boundaries based entirely on palynological 
data could be proposed. The data presented in this report are derived 
from published literature, supplemented by personal observations of 
the author. The co-operation of Dr. M. Streel (University of Liege), 
Dr. R. Neves, Mr. G. Dolby and Mr. J. Otting (University of Sheffield) 

1 Institute of Geological Sciences (Geological Survey), Leeds 15, Great 
Britain. By permission of the Director. 
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and Dr. D.C. McGregor (Geological Survey of Canada), who have 
offered additional information and helpful discussion, is gratefully 
acknowledged. 

The problem of defining the boundary between the Devonian and 
the Carboniferous at an internationally acceptable level is one which 
can be traced back to the original definition of these two systems. It is 
unfortunate that both the Devonian which was defined by Murchison 
and Sedgwick (1842) and the Carboniferous which was described by 
Conybeare in Conybeare & Phillips (1822), were erected from type 
sections in widely separated regions of the British Isles. There were no 
described sections available at that time which would permit the rela
tionships between the two systems to be determined. The pioneer stra
tigraphers, realising the limitations of the British succession, turned to 
Continental Europe and in particular to the Devonian and Lower 
Carboniferous deposits of Belgium for the sections upon which to define 
the stages of both systems. Unfortunately, however, the Famennian 
and the Tournaisian were described and defined in different localities 
and the problem still remained as to where the boundary could be 
reliably drawn between the two stages. It was not until 1857, following 
the description of the more complete transitional section between the 
Devonian and Carboniferous at A vesnois in northern France by Dufre
noy & de Beaumont (1841), that Gosselet (1857) described faunas 
from the Etroeungt region which appeared transitional between the 
Devonian and Carboniferous. He concluded that the boundary between 
the two systems should be taken at the incoming of the faunas encoun
tered in the Calcaire des A vesnelles. 

The use of .facies-controlled coral-brachiopod faunas for the defini
tion of the Devonian-Carboniferous boundary did not however receive 
international acceptance. The widespread occurrence of Gattendorfia 
in Germany led Schmidt (1925) and Schindewolf (1926) to utilise 
this form as a zone fossil for the determination of the boundary. Schin
dewolf suggested the top of the Gattendorfia Zone should be taken as 
the boundary between the two systems but it was the alternative pro
posal of Schmidt, that the lower boundary of the zone should be utilised, 
which was ultimately accepted at the Second Congress on Carboniferous 
Stratigraphy and Geology at Heerlen in 1935. This decision has created 
a further problem, for the base of the Gattendorfia Zone is found in 
Tnl b and a situation now exists where the base of the Carboniferous 
system as internationally accepted does not coincide with the base of 
the lowermost stage in the system, the Tournaisian. 

It is against this historical background that the palynologist 
approached the problem and attempted to relate the spore assemblages 
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to the described lithostratigraphic units and biostratigraphic sub
divisions. 

It is readily apparent from a review of literature that there is a 
marked paucity of published data available from sections with adequate 
stratigraphic controls and which permit accurate correlations to be 
made ; most of the information available is from isolated or small 
numbers of samples with a minimum of stratigraphic control. The 
sections of Famennian and Tournaisian which are described in the 
greatest detail are those recorded by Russian palynologists in various 
parts of the U.S.S.R. and by Streel from the Ardenno-Rhenish Basin. 
It is proposed to deal with these in detail. Although the distribution 
of miospores is competently dealt with in both of these regions, the 
lack of adequate palaeontological control in the Russian sections does 
not permit accurate correlation of their succession with the type sections 
of the stages in W. Europe. This deficiency however does not apply to 
the Ardenno-Rhenish Basin sequence where recent detailed work on 
the type sections of the stages on several macro- and micropalaeonto
logical groups now permits accurate cross-correlations to be made, for 
example, between the brachiopod, conodont, cephalopod, foraminiferal 
and spore successions. 

In the U.S.S.R., several palynologists have described Famennian 
spore assemblages but the significance is here placed on the results of 
Kedo who, in a series of papers between 1956 and 1963, has dealt 
in detail with the palynological changes occurring at the Devonian
Carboniferous boundary. Kedo has proposed a number of distinct zones 
within the upper Famennian and Tournaisian of the Byelorussian S.S.R., 
each with a distinctive miospore assemblage. It is proposed to examine 
each zone briefly and to try to correlate them with the evidence avail
able from non-Russian sources. 

Generalised section of the Upper Devonian-Lower Carboniferous 
' deposits in the Pripyat Depression, Byelorussian S.S.R. 

Carboniferous 

Devonian 

l 
Visean Kizel Formation 

( 

Cherepet Formation 
Tournaisian 

Malevka Formation 

( Famcnnian ( 
Ozersko-Kovanski Formation 

Dankov-Lebedyan Formation 
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In the Pripyat Depression of the Byelorussian S.S.R., Kedo has 
suggested 4 successive spore assemblages in the upper Famennian. 
The first assemblage from the lower part of the Dankov-Lebedyan 
horizon is characterized by the following group of species : Trachytri
letes solidus Naumova, Hymenozonotriletes commutatus Naumova, H. 
luteolus (Naumova) Kedo, H. parvimammatus (Naumova) Kedo, Ar
chaeozonotriletes micromanifestus Naumova var. famenensis Naumova, 
A. famenensis Naumova and Stenozonotriletes definitus Naumova. In 
general the spores from this unit are small in size, many with a filmy 
or dense perispore. Cingulate spores of the genus Stenozonotriletes 
Naumova are represented but the cingulate spores with a verrucose or 
tuberculate ornament of the genus Lophozonotriletes Naumova are 
rare components of the assemblages from this zone. 

The middle part of the Dankov-Lebedyan horizon consists of shales 
with thin sandstones and marly limestone intercalations. The beds, 
which also contain plant debris and Upper Devonian foraminifera, 
yielded an assemblage characterised by Lophotriletes rotundus Nau
mova, Hymenozonotriletes lepidophytus Kedo, H. ventosus Kedo, Ar
chaeozonotriletes variabilis Naumova, A. dedaleus Naumova, Lopho
zonotriletes rarituberculatus (Luber) Kedo and L. macrogrumosus 
Kedo. 

The occurrence of H. lepidophytus is of considerable significance, 
as it is the dominant species in the assemblage, and is restricted to this 
horizon. Archaeozonotriletes variabilis, A. dedaleus and Lophonozo
triletes rarituberculatus which occur in this zone in small quantities, 
are more typical of the Lower Carboniferous. 

The assemblages obtained from the upper part of the Dankov
Lebedyan horizon differ significantly from those of the middle part, 
particularly noticeable being the absence of H. lepidophytus sensu 
stricto. The following species are characteristic of this zone : Leiotri
letes minutissimus Naumova, Trachytriletes solidus Naumova, Lopho
triletes rugosus Naumova, Dictyotriletes crassipteris Naumova, Hyme
nozonotriletes pallidus Naumova, H. hyalinus Naumova, fl. lepidophy
tus var. minor Kedo, Archaeozonotriletes parvibasilaris Naumova, Lo
phozonotriletes cristifer (Luber) Kedo and L. malevkensis (Naumova) 
Kedo. Hymenozonotriletes lepidophytus sensu stricto is replaced in 
comparable quantities to its occurrence in the previous zone by the 
similar form H. lepidophytus var. minor which has a thinner equatorial 
flange and a finer reticulation. The more typical Lower Carboniferous 
form L. malevkensis is recorded for the first time in this zone. 

The highest Famennian assemblage recorded by Kedo from the 
Ozersko - Kovanski horizon, is relatively impoverished in the number 
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of spores present. The assemblage is dominated by relatively simple 
spores of small size, commonly folded and with a simple ornament. The 
assemblage is characterised by Leiotriletes minutissimus, L. simplicissi
mus Naumova, Trachytriletes solidus, Lophotriletes rugosus, Hymeno
zonotriletes pallidus and H. hyalinus. The principal reason for Kedo's 
acceptance of this assemblage as being diagnostic of the uppermost 
Devonian is based on the close comparison between it and the assem
blage extracted from the beds containing the bivalve Pseudoastarte 
socialis, which is accepted as being diagnostic of the uppermost Devon
ian in the Byelorussian S.S.R. 

The overlying Carboniferous sediments of the Pripyat Depression 
can be divided into eight zones, each distinguished by a distinctive 
spore association. The basal Tournaisian sediments are represented in 
the Malevka deposits, which contain three clearly separable miospore 
assemblages. 

The lowest zone (19 metres thick) of the Malevka Beds yields assem
blages containing the following species : Trachytriletes solidus, Retuso
triletes minor Kedo, Hymenozonotriletes pusillites Kedo, H. lepidophy
tus var. tener Kedo, H. granulatus (Naumova) Kedo, Archaeozonotri
letes malevkensis Naumova, Stenozonotriletes stenolomus Naumova, 
S. minor Naumova, S. angularis Kedo and Lophozonotriletes malev
kensis. Of greatest significance in this assemblage is the sudden appear
ance of the distinctive species Hymenozonotriletes pusillites, a form 
which appears from Kedo's illustrations to possess an internally vacuo
late flange and cuniculus and which appears to be closely comparable 
in structural organisation to many species of V allatisporites Hacque
bard. This species, which constitutes up to 50 % of the assemblage of 
this zone, is taken by Kedo as being diagnostic of the lowermost 
Tournaisian horizons. 

The middle zone of the Malevka horizon varies between 2 and 
20 metres in thickness, and is characterised by the following species : 
Lophotriletes rugosus, Dictyotriletes trivialis Naumova, Hymenozono
triletes hyalinus Naumova var. tournensis Kedo, H. rugosiusculus 
Jushko, Archaeozonotriletes malevkensis, Stenozonotriletes stenolomus, 
S. scabrus Naumova, Lophozonotriletes rarituberculatus, and L. malev
kensis. There is a complete absence of Hymenozonotriletes pusillites 
and H. lepidophytus var. tener in this assemblage which is normally 
dominated by Archaeozonotriletes malevkensis, Lophozonotriletes ma:
levkensis and Hymenozonotriletes hyalinus var. tournensis. 

The upper zone (50 metres thick) of the Malevka horizon can be 
distinguished by containing the following species : Acanthotriletes 
sphaerites Kedo, Lophotriletes rotundus Naumova, Hymenozonotriletes 
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macrosetus Jushko, H. rugosiusculus, H. explanatus (Luber) Kedo, 
H. lepidophytus var. tener, Archaeozonotriletes malevkensis, A. literatus 
(Waltz) Naumova, Lophozonotriletes rarituberculatus and L. malev
kensis. This assemblage is characterised by many forms with a filmy 
or dense equatorial flange, often ornamented with spines. There is a 
complete absence in this assemblage of the typical Devonian species, 
several of which extend into the lowermost Tournaisian horizons. Of 
particular interest here is the appearance of representatives of the 
Archaeozonotriletes literatus group, which become a characteristic 
component of the higher Tournaisian assemblages. 

The overlying Cherepet horizon of the Chernyishinski substage is 
subdivided by Kedo into three zones. Since the species characteristic 
of this· unit are frequently common in all three zones, subdivision is 
effected by the quantitative ratios of the species rather than by changes 
in their vertical distribution. 

The lowest zone (9 metres thick) of the Cherepet horizon is charac
terised by the following forms : Retusotriletes septalis Jushko var. minor 
Kedo, Trachytriletes solidus, Lophotriletes rugosus, L. rotundus, Dictyo
triletes trivialis, D. magnus Naumova, Archaeozonotriletes literatus, 
Stenozonotriletes micropunctatus (Andreyeva) Naumova, S. definitus. 
The assemblage is normally dominated by Lophotriletes rugosus, L. 
rotundus and Archaeozonotriletes literatus. 

The middle zone ( 40 metres thick) of the Cherepet horizon contains 
many forms which are also a feature of the underlying zone. The 
assemblages from this zone are dominated by small forms, many pos
sessing a filmy equatorial flange. The following species are regarded 
as typical components of this zone : Trachytriletes solidus, Lophotriletes 
rugosus, L. rotundus, Dictyotriletes trivialis, Hymenozonotriletes palli
dus, H. hyalinus var. tournensis, H. submirabilis (Luber) Jushko and 
Archaeozonotriletes literatus. 

The microflora of the upper zone of the Cherepet horizon (20 metres 
thick) is basically very similar in composition to the assemblages of the 
middle zone. It can, however, be distinguished by quantitative differen
ces in the ratios of the species present. The following species can be 
regarded as characteristic : Trachytriletes solidus, Lophotriletes rugosus, 
L. rotundus, Dictyotriletes trivialis, Hymenozonotriletes pallidus, Steno
zonotriletes definitus and S. conf ormis. 

The overlying Kizel horizon contains two distinctive spore assem
blages. In general, whilst most of the species which were characteristic 
of the underlying Tournaisian sediments continue to occur, there is the 
noticeable appearance in significant numbers of forms which are more 
diagnostic of the Visean. 
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The lowest zone of the Kizel horizon varies between 22 and 33 
metres in thickness and contains the following species : Dictyotriletes 
trivialis, D. tschernischensis Jushko, Archaeozanotriletes literatus Nau
mova var. triangularis Kedo, A. malevkensis, Lophozanotriletes raritu
berculatus and L. cristifer. In general the assemblage is characterised by 
reticulate spores of the genus Dictyotriletes and by forms of Archaeo
zanotriletes with a thick, solid, cingulate-like structure and an orna
ment of coarse bars on the distal surface. 

The upper zone of the Kizel horizon contains a very .diverse micro
flora, including the following species : Leiotriletes microrugosus (Ibra
him) Naumova, Trachytriletes solidus, T. asperatus Naumova var. 
minutus Jushko, Lophotriletes minutissimus Naumova which is often 
abundant, Dictyotriletes tschernischensis, Euryzonotriletes simplex Nau
mova, Hymenozanotriletes subgranulatus Naumova, Archaeozanotrile
tes literatus var. triangularis, A. multiplicabilis Kedo, A. malevkensis, 
A. compactus Naumova, Stenozonotriletes conformis, S. pumilus 
(Waltz) Naumova, Trilobozonotriletes incisotrilobus (Luber) Kedo, 
Lophozanotriletes malevkensis, L. cristifer and Psophosphaera ovalis 
Kedo. Of greatest significance is the appearance of the genera Trilobo
zanotriletes Naumova and Euryzanotriletes Naumova. 

The subdivision of the upper Famennian - Tournaisian section in 
the Pripyat Depression clearly demonstrates that there is a gradual 
and progressive replacement of the microfloral elements in the section 
and that the boundary between the two stages, according to Kedo, 
corresponds with the sudden appearance of the distinctive species 
Hymenozanotriletes pusillites. There are, however, two aspects of this 
study which deserve further comment. Firstly the exact position of the 
Devonian-Carboniferous boundary in the Pripyat Depression cannot be 
accurately equated with the Western European succession due to the 
lack of data concerning the diagnostic goniatites, conodonts, ostra
cods and foraminifera upon which the boundary in the type sections can 
be defined. Caution must therefore be exercised in the application of the 
palynological results for interbasinal correlations until the details of the 
Russian macro- and microfaunas are accurately collated with those of 
the type European sections. Secondly, for the large part, the data pre
sented by Kedo for any one particular zone, are representative of a 
restricted range of facies. The limitations imposed by facies on the 
composition of the microfloral assemblages may therefore result in 
certain anomalies between the Russian results and those from other 
areas. 

The second of the detailed sections is that recently documented by 
Streel in the Ardenno-Rhenish Basin of Belgium and West Germany. 
Streel has described the microfloral succession, giving particular empha-
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sis to certain key species. He has been able to correlate the palynological 
results obtained with other macro- and micropalaeontological zonal 
schemes so that it is now possible to establish the palynological biostra
tigraphy accurately in terms of the stage type sections in Belgium. 

Streel has recorded that in general the spores occurring in abundance 
in the upper Famennian and lower Tournaisian stratotype sections in 
Belgium are of small size (30-60 µ) and have a simple sculpture, either 
laevigate or with minute apiculi. There are in addition smaller numbers 
of spores with more complex structure, many of camerate/pseudo
saccate construction. 

In many cases the small species recorded by Streel are long ranging, 
but variations in their relative abundance permit them to have local 
value for correlation purposes. The species with more specialised mor
phology occur with more restricted stratigraphic distribution and appear 
to have inter-regional correlation value. Of particular significance is 
the distribution of the distinctive species Hymenozanotriletes lepido
phytus. Streel (1966) by applying biometric techniques has been able 
to subdivide the sediments containing this species into 4 zones (Zones 
C-F of Streel 1966), each characterised by a distinctive population of 
H. lepidophytus and each readily definable in terms of the Belgian 
standard subdivisions of Fa2d and Tnl. 

Whilst many of the specimens recorded by Streel from the Belgian 
deposits appear closely comparable with specimens recorded as H. 
lepidophytus sensu stricto by Kedo in the Byelorussian S.S.R. deposits, 
it is interesting to note that Streel was able to demonstrate that there 
was significant morphological variation in the population, particularly 
in two directions. In the first, which is the most pronounced, there is 
variation in the form of the lumina on the distal surface of the spore 
(Trend A of Streel 1966). In some specimens the distal lumina are 
regular in shape and separated by wide ridges of exoexine, whilst in 
others the lumina may be separated by extremely narrow ridges which 
may eventually become discontinuous and ultimately represented by a 
series of irregular crests or verrucae. Streel also noted (Trend B) that 
there was a tendency in specimens possessing a relatively narrow equa
torial extension of the exoexine for the exoexine to be thicker than in 
other specimens. 

Streel records the first appearance of examples of H. lepidophytus 
in the beds immediately above the top of the Evieux Beds, that is in 
Fa2d (ex Tnlaa, Conil 1964; ex Fm2a, (3 Conil et al. 1968), and 
their disappearance in the lower part of Tnlb (Tnlba Conil 1968). 
Since the base of the Gattendorfia Zone which defines the base of the 
Carboniferous System is placed in the lower part of Tnl b in Belgium, 
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the deposits containing the H. lepidophytus complex must be regarded 
as being of Upper Devonian or Strunian age. Near to the top of the 
Famennian/Strunian (Fa2d - Tnla) H. lepidophytus s.s. is progress
ively replaced as the dominant element by its varieties minor and tener. 
This progressive change contrasts markedly with the sudden change in 
dominance reported by Kedo (1957) for the Byelorussian assemblages. 
Other elements present in the H. lepidophytus assemblages include 
representatives of Hystricosporites McGregor, Dicrospora Winslow 
and Spinozonotriletes (Hacquebard) Neves & Owens ; Hymenozonotri
letes pusillites and Raistrickia sp. (cf. Acanthotriletes sphaerites in 
Kedo 1963) occur in small quantities from the base of Tnla whilst 
Lophozonotriletes rarituberculatus appears near to the top of Tnla. 

Streel (1969) has reported that the assemblages from the lower 
part of Tnl b (Tnl ba of Conil 1968) are dominated by small forms with 
simple ornamentation ; H. lepidophytus, H. pusillites, representatives of 
Hystricosporites and many forms of Spinozonotriletes disappear in the 
lower part of Tnl b. Representatives of the Knoxisporites (Potonie & 
Kemp) Neves and Corbulispora Bharadwaj & Venkatachala complex 
of spores which are characteristic components of the Tnl by and Tn2a 
assemblages, were recorded by Streel as appearing in the uppermost 
part of Tnlba Conil 1968. This is directly comparable to the appearance 
of the similar and in part synonymous representatives of the Archaeo
zonotriletes literatus and A literatus var. triangularis group in the 
lower part of the Malevka deposits of the Byelorussian S.S.R. Dictyotri
letes trivialis, D. cancellatus, D. stramineus and Hymenozonotriletes 
explanatus are common to both the Byelorussian and Belgian assem
blages. It is of interest to note, however, that the assemblage 
dominated by small, simple forms which is present in the lower 
part of Tnl b deposits in Belgium does not occur immediately above 
the lepidophytus-pusillites association in Byelorussia but actually within 
the H. lepidophytus Zone. 

By comparison of the spore assemblages Streel has drawn several 
conclusions regarding the correlation of the Belgian and Byelorussian 
successions. 

i) The appearance of the Dictyotriletes trivialis - Hymenozonotriletes 
explanatus association in the middle part of Tnl b is comparable with 
its appearance at the contact between the lower and middle zones of 
the Malevka deposits, but the correlation of these two horizons by 
palynological methods is not substantiated by the correlations establi
shed by the use of forminifera zonation. 

ii) The sudden appearance of Hymenozonotriletes pusillites at the 
base of the Malevka Beds in the Pripyat Depression is regarded by 
Streel as being the result of facies control in the composition of the 
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assemblages. In the Ardenno-Rhenish basin, where this species shows 
a more progressive increase in abundance, it occurs in sediments of 
Strunian (Tnla) and early Tournaisian (basal Tnlb) age. Streel suggests 
that it is therefore unreasonable to consider the base of the Malevka 
Beds as equivalent to the base of the Strunian. The biometric interpre
tation of the H. lepidophytus var. tener population from the lowest 
zone of the Malevka Beds has led Streel to suggest that it is more 
representative of the Tnla/Tnlb boundary than the base of Tnla, 
when compared with the populations from the Belgian deposits. Streel's 
conclusion is supported by independent evidence from the foraminiferal 
zonation which indicates that the base of the Malevka Beds corres
ponds in the eastern part of the Russian Platform to the top of the 
Quasiendothyra kobeitusana Zone. The base of this foraminiferal zone 
in Belgium corresponds with the base of Tnla. It seems likely, there
fore, that the base of the Malevka Beds is approximately equivalent to 
the base of Tnl b and thus with the base of the Gattendorfia Zone. 

Balme & Hassell (1962) have described upper Famennian assem
blages from the Canning Basin of Western Australia. Although Granu
latisporites frustulentus Balme & Hassell was the dominant form in 
all of the assemblages, the presence of Leiozanotriletes naumovae Balme 
& Hassell and Hystricosporites (Archaeotriletes) porrectus Balme & 
Hassell are significant. Leiozonotriletes naumovae shows close structu
ral and morphological similarity to H. lepidaphytus and may in fact 
prove to be synonymous. The presence of Hystricosporites porrectus is 
of interest since this genus is almost exclusively Devonian in occurrence. 
Balme & Hassell also recorded Diaphanospora ricinata Balme & Hassell 
and Cincturasporites cf. literatus (Waltz) from these assemblages. It 
appears therefore that there is considerable similarity between the 
upper Famennian assemblages from Western Australia and those des
cribed by Kedo and Streel. All are characterised by the presence in 
appreciable numbers of representatives of the H. lepidophytus - L. nau
movae complex of spores. Whilst the Australian assemblages contain 
representative of the Hystricosporites - Archaeotriletes group which are 
characteristic of the Devonian, it lacks any record of spores morpho
logically similar to the Hymenozonotriletes pusillites group which Kedo 
and Streel found to be characteristic components of the Tournaisian 
assemblages. Although the data available at the present time are inade
quate, it is possible that the absence of the H. pusillites group in the 
Australian assemblages may be due to regional differences in compo
sition of the parent flora. 

In a brief review of the distribution of spores in the Palaeozoic 
deposits of Libya, Wray (1964) has recorded the presence of a species 
of Leiozonotriletes with a « coarsely reticulate sac » which is restricted 
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to the uppermost part of the Devonian. Examination of the specimens 
illustrated by Wray strongly suggest that this species is identical to 
Hymenozanotriletes lepidophytus. Wray also records the genus Valla
tisporites (Hacquebard) Sullivan in the lowermost Carboniferous depos
its of Libya but does not indicate the presence of any specimens 
similar to the Hymenozonotriletes pusillites group of spores. 

Winslow (1962) has described in detail the microfloral assemblages 
from the Upper Devonian and Lower Mississippian of Ohio. Due to 
the lack of evidence from diagnostic macrofossils, the exact position of 
the Devonian-Mississippian boundary is difficult to define in Ohio. 
Care must therefore be taken in the interpretation of Winslow's 
results. 

The assemblages obtained from the Upper Devonian (as applied by 
Winslow) i.e. the Olentangy and Ohio Shale formations, contain several 
distinctive elements. Species of the genus Dicrospora Winslow (partly 
or completely synonymous with Hystricosporites) together with Reticu
latisporites crassus Winslow and Canthospora cracens Winslow, which 
resembles the members of the Knoxisporites - Archaeozonotriletes lite
ratus group, are frequent components of the assemblages. The former 
may be considered to be a typical Devonian genus, whereas the latter 
group have been previously recorded in other parts of the world as 
being more typical components of Tournaisian assemblages (i.e. Kedo 
1963, Ishchenko 1956, 1958, Playford 1962, 1963, Sullivan 1964). 
The occurrence of Radforthia radiata Winslow in these assemblages is 
also of interest. The genus Radforthia Winslow is apparently synonym
ous with Emphanisporites McGregor, a genus which is normally 
characteristic of the Lower and Middle Devonian. In Ohio, however, 
it is recorded in small numbers from throughout the Upper Devonian 
and Lower Mississippian succession. Of greatest significance, however, 
is the appearance in the upper part of the Ohio Shale of the species 
described by Winslow as Endosporites lacunosus Winslow. Examina
tion of the illustrated specimens and the description of this species 
suggest its close structural and morphological similarity with members 
of the Hymenozanotriletes lepidophytus - Leiozonotriletes naumovae 
complex. The sudden appearance of this species in considerable num
bers at the top of the Ohio Shale is comparable to its appearance at 
the top of the Devonian successions in Byelorussia, Belgium, Libya and 
Western Australia. 

The assemblages obtained from the Bedford Shale and the Berea 
Sandstone which were considered by Winslow to be of Lower Missis
sippian age, are not grossly dissimilar to those of the underlying Upper 
Devonian. Dicrospora spp., Reticulatisporites crassus, R. fimbriatus 
var. spathulatus Winslow, Canthospora cracens and Endosporites lacu-
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nosiw all continue and the last mentioned species frequently occurs m 
abundance. Of interest is the appearance in small quantities of the 
form described by Winslow as Lycospora sp. A. Detailed examination 
of this form suggests its close morphological relationship to the genus 
Vallatisporites and it may therefore be compared with the appearance 
of the Vallatisporites - Hymenozonotriletes pusillites group of spores at 
the base of the Tournaisian in Europe. Dicrospora spp. and Lycospora 
sp. A. were not recorded in the overlying Sunbury Shale or Cuyahoga 
formations, but Endosporites lacunosus was recorded to the top of 
the section studied. 

There appear to be considerable differences between the Ohio assem
blages described by Winslow and those recorded by Kedo and Streel 
from the Byelorussian S.S.R. and Belgium. Before discussing specific 
differences it is essential that certain fundamental palaeobotanical and 
palaeoecological criteria are considered. Almost all of the succession 
described by Winslow belonged to a marine facies (evidence of acri
tarchs in most of the samples), whilst the assemblages examined by 
Kedo belonged to a more diverse set of facies. Such facies differences 
could account for some of the differences in the composition of the 
microfloral assemblages observed. The differences could equally well 
be attributed to the location of the regions in two completely different 
floral provinces. 

Some similarities in the stratigraphic distribution of the miospores 
in the different regions may, however, be cited. The appearance of 
Endosporites lacunosus in the upper part of the Ohio Shale is compar
able to the appearance of the closely related species Hymenozonotri
letes lepidophytus in the middle zone of the Dankov - Lebedyan Beds 
in the Byelorussian S.S.R. and immediately above the top of the Evieux 
Beds (Fa2d) in Belgium, and to the appearance of Leiozonotriletes 
naumovae in the Fairfield Beds of the Upper Famennian of Western 
Australia. It is of interest to note, however, that in Ohio, Endosporites 
lacunosus also occurs in the overlying Bedford Shale, Berea Sand
stone and Cuyahoga formations of the Lower Mississippian, whereas 
in other regions of the world this group of spores has not been recorded 
from the Lower Carboniferous and is restricted to the uppermost Devon
ian. The appearance of Lycospora sp. A in the Bedford Shale is more 
or less in agreement with the appearance of the closely related species 
Vallatisporites spp. and Hymenozonotriletes pusillites in the basal 
Tournaisian (Wocklumeria Zone) sediments of the Byelorussian S.S.R. 
and Western Europe. It is impossible at the present time to go further 
than to point out the major differences and any obvious similarities 
between the two regions. Before further comparative work is done 
between the two regions, it is essential that the boundary between the 
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two systems in Ohio should be reinvestigated and fully substantiated by 
micro- or macrofaunal evidence. The present position of the boundary 
between the Ohio and Bedford Shales appears to be defined princip
ally by lithological criteria and may therefore be diachronous in char
acter. This view is to some extent already substantiated by the limited 
palynological evidence available. The appearance of the characteristic 
species Endosporites lacunosus takes place at supposedly differing 
horizons within the succession in different localities. At one locality in 
N.E. Ohio for instance, this species appears in the Cleveland Shale, 
the uppermost division of the Ohio Shale, whereas in adjacent localities 
in N.E. Ohio and also in S.W. and Central Ohio the species appears 
at various horizons in the Bedford Shale. Since the species always 
makes its appearance in large numbers it is probable that this was an 
event which took place more or less simultaneously throughout the 
region rather than be staggered at various horizons depending on local 
conditions. It is possible that the uppermost limit of the stratigraphical 
range of this species (which is also diachronous in terms of the litholo
gical units) might provide a more satisfactory horizon for the Devonian 
- Mississippian boundary. 

Further north from Ohio in the adjacent part of S.W. Ontario, 
Canada, McGregor (in McGregor & Owens 1967) has reported on the 
composition of spore assemblages from the Kettle Point Formation. In 
general the composition of the assemblages is closely comparable to 
those described by Winslow from the Ohio Shale. The assemblages are 
characterised by the presence of the following species : Emphanisporites 
cf. E. rotatus McGregor, Hystricosporites sp., Reticulatisporites fimbria
tus var. spathulatus, Hymenozonotriletes pusillites, H. lepidophytus 
and Lophozonotriletes cristifer. 

In the South West Province of Britain, the boundary between the 
Devonian and Carboniferous systems has been traditionally accepted 
at the junction of the Old Red Sandstone and Lower Limestone Shale. 
Recently this classic succession has been palynologically examined by 
Dolby in the section at Burrington Combe in the Mendip Hills, Somer
set. In a preliminary note, Neves & Dolby (1967) have described two 
miospore assemblages from the Upper Portishead Beds, the uppermost 
unit of the Old Red Sandstone. Although significant quantitative diffe
rences exist between the two assemblages described by Neves & Dolby, 
they are sufficiently similar in general composition to be here considered 
together. Both assemblages are characterised by containing abundant 
representatives of Hymenozonotriletes lepidophytus and contained the 
following species as accessory components : Hymenozonotriletes pusil
lites, Retusoiriletes incohatus Sullivan, Punctatisporites irrasus Hacque
bard, Leiotriletes ornatus Ishchenko, Acanthotriletes macrurus (Luber) 
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Naumova, Corbulispora subalveolaris (Luber) Sullivan, Dic_tyotriletes 
tschernyschensis, Crassispora balteata (Playford) Sullivan, Dicrospora 
multifurcata and Ancyrospora sp. Comparison of the Burrington 
assemblages with those described by Streel from the Ourthe Valley of 
Belgium suggest a Tnla age for the Upper Portishead Beds which may 
therefore be correlated with the upper part of the Assise de Comblain
au-Pont (Tnlay) beds of the Belgian succession. 

Miospore assemblages from the Lower Limestone Shale (basal 
Tournaisian) have been recorded by Sullivan 1964 from the Forest 
of Dean area. Retusotriletes incohatus and Punctatisporites irrasus were 
the dominant elements in the assemblages but they also contained the 
following accessory spores : Spinozanotriletes uncatus Hacquebard, 
Crassispora (Spinozanotriletes) balteata (Playford) Sullivan, Knoxi
sporites hederatus (Ishchenko) Playford, V errucosisporites grumosus 
(Naumova) Sullivan and Corbulispora subalveolaris. The presence of 
Retusotriletes incohatus and Verrucosisporites grumosus impart a 
Devonian aspect to the assemblage whilst the other species present are 
more typical of the Lower Carboniferous. Sullivan did not record 
representatives of the Hymenozanotriletes lepidophytus or H. pusillites 
complex of spores in this assemblage and it seems probable therefore 
that the beds examined by Sullivan are at least younger than the lower 
part of Tnl b. The Forest of Dean assemblage appears to be broadly 
comparable to those recorded by Playford (1962, 1963) from the 
Lophozanotriletes rarituberculatus Zone of Tournaisian age in Spits
bergen. 

It is apparent from this review of the published literature concerned 
with the stratigraphic palynology of the Devonian-Carboniferous boun
dary that there is no marked microfloral change at the boundary but 
rather a progressive replacement of the microfloral elements. There are, 
however, certain species which appear to have considerable stratigra
phic value for the recognition of horizons above and below the actual 
boundary. The Hymenozonotriletes lepidophytus - Endosporites lacu
nosus - Leiozonotriletes naumovae complex appears characteristic of 
the uppermost Devonian in Ohio, Western Australia, the Byelorussian 
S.S.R. and Belgium. Hymenozonotriletes pusillites is a characteristic 
species in lowermost Tournaisian (Wocklumeria Zone) assemblages 
whereas the distinctive association of spores including Knoxisporites 
hederatus, Archaeozonotriletes literatus, Spinozonotriletes uncatus and 
Hymenozonotriletes macrosetus, is characteristic of Tournaisian sedi
ments above the base of the Gattendorfia Zone. 
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Correlations biostratigraphiques 
pres de la limite Devonien/Carbonifere 

entre les facies littoraux ardennais 
et les facies bathyaux rhenans 

E. PAPROTH 1 & M. STREEL 2 

Avec 2 figures dans le texte et planches 24-26. 

RESUME. 

Une etude comparee des assemblages de spores isoles dans Jes synclinoriums 
de Dinant et de Namur, dans l'Anticlinal de Velbert et dans la region de l'Hon
netal permet la definition de plusieurs florizones successives dont la zonation 
est parallele a la zonation basee sur la biometrie d'Hymenozonotri/etes lepido· 
phytus. 

L'abondance des spores, tres localisee dans la region de l'Honnetal, la 
distribution des florizones et des zones biometriques, celle des megafossiles et 
de la lithologie permettent de conclure que Jes schistes de Hangenberg ont ete 
constitues par un apport exceptionnel de type turbidite. 

Les schistes de Hangenberg a Oberrodinghausen contiennent un melange des 
associations de spores qui sont connues dans Jes couches de Comblain-au-Pont 
(Tnla) et de celles qui representent, dans le temps, la partie inferieure du 
Calcaire d'Hastiere (Tnlb), mais qui n'ont pas encore ete trouvees dans le 
Synclinorium de Dinant. Par comparaison avec Jes faunes de Cephalopodes et 
de Conodontes trouvees de part et d'autre du Rhin, ii est vraisemblable 
d'admettre que deux lacunes stratigraphiques encadrent Jes schistes de Han· 
genberg a Oberrodinghausen. 

ABSTRACT. 

The spore successions of Upper Famennian and Lower Tournaisian (Fa2c
Tnl b) and the lower Hangenberg-Schichten (upper to VI) have been grouped 
into Streel's florizones GM, VU, PL and TE which allow further subdivision. 
Parallel to this zonation Streel previously recognized zones C to F, based on the 

1 Geologisches Landesamt Nordrhein-Westfalen, De-Greiff-Strasse 195, 
Krefeld, B. R. Deutschland. 

2 Laboratoire de Paleontologie vegetale, Universite de Liege, Place du 
Vingt-Aout 7, Liege, Belgique. 

365 



biometric distinction between forms of the species Hymenozonotri/etes lepido· 
phytus. Streel postulated that these biometrically recognizable changes in H. 
/epidophytus might well have stratigraphic value within the limits of a basin, 
and this hypothesis has now been proved correct for the area of the Ardennes 
and the Rhenish Schiefergebirge. 

Practically all the samples obtained from the shelf area west of the Rhine 
and in the Carboniferous Limestone (Kohlenkalk) of Velbert contained spores, 
and it was also found that spores were most common and best preserved in 
the vicinity of the contemporary coastline. Within the basin, i.e. in most of 
the area east of the Rhine, spores proved to be rare or absent. Only the 

'

samples taken from the Lower Hangenberg-Schichten in the railway cutting 
at Oberrodinghausen and near Oese, Apricke and. St.ockum have yiel.ded well pre
served spores in large numbers. Also the Dill_Sy.n_£line has_yielded sp!Jres 
from the Hang.enbergcSchichten_ buL thi.~ oc~urrenc~ ha~-iiOtyet be~~ 7tudied. 

The abundance of spores in the northern Rhenish Schiefergebirge, the 
distribution of florizones and of the biometric zones, and the megafossils as 
well as the lithology have allowed the conclusion that the material of these 
beds has been brought in with unusual turbidites which also transported the 

\ 

ca. 150 m of Lower Hangenberg-Schichten of the Seiler near Iserlohn, i.e. the 
Seiler Conglomerate (compare Koch, Leuteritz & Ziegler). These currents 
brought usually coarse-grained and immature material from the shelf into 
the basin. It seems likely that this material was derived from deposits formed 
originally near the coast and that it was transported without further alteration 
(in contrast to the reworked material of the older turbidites of Upper Devonian 
age). 

The Lower Hangenberg-Schichten in the railway cutting of Oberrodinghausen 
(Hangenberg-Schiefer) contain a mixture of spore associations which occur 
in proper sequence in the Comblain-au-Pont beds (Etroeungt, Tnla), 
and of those which probably represent in time the lower part of the 
Hastiere Limestone (Tnlb) but which have not yet been found in the Synclin-

1:,, orium of Dinant. These spore associations are partly older than the horizon 
\ represented by Cymaclymenia euryompha/a which occurs in the basal part of 
I·, the Hangenberg-Schichten of Oberrodinghausen. Consequently, the coarsely elastic 
\J\, and mud-bearing currents which provided the material deposited at the Seiler, 

eroded and transported shelf sediments formed immediately beforehand. The 
concentration of course material at the Seiler and its considerable thickness may 
be explained by a possible damming of this material of northerly derivation 
against the north-eastern flank of the large Balve Swell. 

The section at Spitzer Kahlenberg near Stockum, in that part which also 

\

yielded Imitoceratids (Weyer 1965) and a Protognathodus fauna (Ziegler 1969), 
contains spores which are younger than those obtained from the highest part 
of the Hangenberg-Schichten at Oberrodinghausen. 

\ In the railway cutting at Oberrodinghausen there may thus be two strati-
1~raphic gaps : 

1 - Between the upper W ocklumeria Limestone and the lowermost Hangen· 
berg-Schiefer a part of Tnla may be missing. 
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Spathogn. costatus zone disappears at the lower boundary of the Han
gcnberg-Schiefer. It also disappears in the basal part of the Comblain-au
Pont beds in the Ourthe valley (lower part of Tnla and older). In the 
Hangenberg-Schiefer there are spores which are younger than the ones , 
found to be widespread in the uppermost Tnla of the Synclinorium of j 
Dinant. A stratigraphic gap is also indicated by the distribution of Cyma-\'', 
clymenia euryomphala which occurs in the earliest Haugen-berg-Schiefer \ l,f 
of Oberrodinghausen and in the uppermost Tnla of Ratingen and of the I 
Avesnois where, however, it is extremely-rare:-- ------- - / ,., 

"-------------....____-------------------- --"- - --- ------ ----------
2 - In the highest part of the Hangenberg-Schiefer, near or at the boundary 

with the Gattendorfia Limestone, the uppermost Tnla and/or basal 
Tnlb may be missing. 

The youngest spores of the Hangenberg-Schiefer of Oberrodinghausen 
are older than the spore associations from those parts of the Hangenberg 
Schichten of Stockum which - a) contain an Imitoceras fauna which 
is a little older than the oldest fauna from the Gattendorfia Limestone 
at Oberrodinghausen and - b) contain a conodont fauna which is also 
a little older than the Siphonodella sulcata - Protognathodus kockeli 
Zone of the lowest Gattendorfia Limestone of Oberrodinghausen. 

The stated characteristics of the sequence of beds from the highest W ock
lumeria Limestone below the Hangenberg-Schiefer to the lowermost Gatten· 
dorfia Limestone of Oberrodinghausen make it very unlikely that continuous 
sedimentation took place. The material of the Hangenberg-Schiefer of this 
locality may represent the lightly suspended fraction which was the only part 
of the Seiler turbidites capable of being deposited on the Balve Swell and 
which interrupted a pause in the sedimentation extending in time from Tnla 
to early Tnl b. Strongly condensed sediments and considerably larger strati
graphic gaps are known from a number of other deep swells of the Variscan 
Basin during Famennian and Lower Carboniferous times. 

ZUSAMMENFASSUNG. 

Die Sporen-Folgen des Ober-Famenniums und Unter-Tournaisiums (Fa2c
Tnlb) und der Unteren Hangenberg-Schichten (oberes toVI) sind nach den 
vorkommenden Gesellschaften in Florenzonen, Streels « florizones • GM, 
VU, PL und TE gegliedert worden, die nocli unterteilt werden. Die parallel 
zu dieser Gliederung ebenfalls friiher von Streel aufgestellte Unterteilung 
in die « Zonen • C-F beruht auf der biometrischen Unterscheidung von Formen 
der Art Hymenozonotriletes lepidophytus. Die von Streel urspriinglich als 
hypothetisch bezeichnete Moglichkeit, dass die biometrisch festgestellen Veran
derungen von H. lepidophytus innerhalb eines begrenzten Ablagerungsraumes 
stratigraphischen Wert haben konnten, hat sich in den Ardennen und im Rhei· 
nischen Schiefergebirge bestatigt und kann in diesem Raum als gesichert gelten. 

Fast alle Proben, die im Schelf-Gebiet (linksrheinische Vorkommen und 
Kohlenkalk von Velbert) genommen wurden, flihren Sporen und zwar sind 
die Sporen um so hiiufiger und besser erhalten, je niiher an der Ki.iste sie 
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abgelagert worden sind. Im Becken (groBter Teil des rechts-rheinischen Schiefer
gebirges) sind Sporen gewohnlich extrem selten oder fehlen. Nur die Proben 
aus den Unteren Hangenberg-Schichten im Eisenbahneinschnitt Oberroding
hausen, bei Oese, bei Apricke und bei Stockum enthalten Sporen und zwar 
in sehr grossen Mengen und in guter Erhaltung. Auch in der Dill-Mulde sind 
Sporen, die noch naher untersucht werden mlissen, in Hangenberg-Schichten 
nachgewiesen. 

Der Sporen-Reichtum der Vorkommen im nordlichen Rheinischen Schie
fergebirge, die Verteilung der Florenzonen und der biometrischen Zonen, die 
Megafossilien und die Lithologie legen den Schluss nahe, dass das Material 
dieser Schichten mit ungewohnlichen Turbiditen gekommen ist, die auch die 
etwa 150 m machtigen Unteren Hangenberg-Schichten von der Seiler bei 
lserlohn, das Seiler Konglomerat, transportiert haben (vgl. Koch, Leuteritz 
& Ziegler). Diese Strome haben ungewohnlich grobkorniges und frisches 
Material vom Schelf in das Becken gebracht. Es liegt nahe zu vermuten, dass 
dies Material von einem nahe an der Kiiste gelegenen, ursprlinglichen · Ablage
rungsort aufgebrochen und ohne weitere Aufarbeitung (im Gegensatz zum 
aufgearbeiteten Material der alteren Oberdevon-Turbidite!) in das Becken 
geflossen ist. 

Die Unteren Hangenberg-Schichten im Eisenbahneinschnitt Oberrodinghau
sen (Hangenberg-Schiefer) enthalten ein Gemisch der Sporen-Gesellschaften, 
die, auf einander folgend, in den Schichten von Comblain-au-Pont und von 
Etroeungt (Tnla) vorkommen und der Sporen-Gesellschaften, die wahrscheinlich 
ebenso alt sind wie der untere Teil des Kalkes von Hastiere (Tnlb), die aber 
im Synklinorium von Dinant bisher noch nicht bekannt sind. Diese Sporen
Gesellschaften sind z.T. alter als Cymaclymenia euryomphala, die im untersten 
Teil der Hangenberg-Schiefer in Oberrodinghausen liegt. Von den Schutt- und 
Schlamm-Stromen, die das Material an der Seiler geliefert haben, sind also 
altere, gerade auf dem Schelf abgelagerte Sedimente mitgerissen worden. Die 
Konzentration des groben Materials an der Seiler und seine grosse Machtigkeit 
konnten durch den Stau dieser aus nordlichen Richtungen kommenden Strome 
an der Nord-Seite der grossen Balver Schwelle erkliirt werden. 

Das Profil am Spitzen Kahlenberg bei Stockum enthalt in dem Tei!, aus 
dem auch die lmitoceraten (Weyer 1965) und die Protognathodus-Fauna 
(Ziegler 1969) stammen, jlingere Sporen als die jlingsten Teile des Hangen
berg-Schiefers von Oberrodinghausen. 

Im Eisenbahneinschnitt Oberrodinghausen dlirften also zwei Schichtllicken 
auftreten: 

- Zwischen dem obersten Wocklumeria-Kalk und den untersten Hangen
berg-Schiefern dlirfte ein Tei! des Tnla fehlen. 

368 

Spat/10g11. costatus zone verschwindet an der Untergrenze der Han
genberg-Schiefer. Er verschwindet im untersten Tei! der Schichten von 
Comblain-au-Pont im Ourthe-Tal (=unterer Teil des Tnla und alteres). 
In den Hangenberg-Schiefern treten Sporen auf, die jlinger sind als dieje
nigen, die im obersten Teil des Tnla im Synklinorium von Dinant 
verbreitet sind. 



Fiir diese Liicke spricht auch das Auftreten von Cymaclymenia eury
omphala : sie liegt im altesten Hangenberg-Schiefer von Oberrodinghausen 
und im obersten Tnla von Ratingen und dem Avesnois, wo sie aller
dings ausserordentlich selten ist. 

2 - Im obersten Teil der Hangenberg-Schiefer, nahe oder an der Grenze 
zum Gattendorfia-Kalk diirfte der oberste Teil des Tnla und/oder ein 
tieferer Tei! des Tnlb fehlen. 

Die jiingsten Sporen der Hangenberg-Schiefer von Oberrodinghausen sind 
alter als die Sporen-Gesellschaften aus denjenigen Serien der Hangen· 
berg-Schichten von Stockum, die a) eine Imitoceras-Fauna enthalten, die 
etwas alter als die alteste Fauna aus dem Gattendorfia-Kalk von Oberro
dinghausen ist und b) eine Conodonten-Fauna enthalten, die ebenfalls ein 
wenig alter als die Conodonten der Siphonodella sulcata-Protognathodus 
kockeli-Zone des untersten Gattendorfia-Kalkes von Oberrodinghausen 
ist. 

Die aufgezahlten Merkmale der Schichtenfolge vom obersten W ocklumeria
Kalk iiber die Hangenberg-Schiefer zum untersten Gattendorfia-Kalk von 
Oberrodinghausen machen eine mehr oder minder kontinuierliche Sedimentation 
aul3erordentlich unwahrscheinlich. Das Material der Hangenberg-Schiefer dieser 
Lokalitat diirfte als leichte Triibe der Seiler Schlamm-Strome, die allein diesen 
hoher auf der grossen Balver Schwelle ge!egenen Ablagerungsort erreichen 
konnte, eine Sedimentationspause unterbrochen haben, die vom Tnla bis in 
das tiefere Tnlb reichte. Starke Sediment-Kondensation und sehr viel grossere 
Schicht-Liicken sind von zahlreichen anderen Tief-Schwellen des variszischen 
Beckens aus dem Famenne und dem tieferen Teil des Unterkarbons bekannt. 

I. INTRODUCTION 

Les correlations biostratigraphiques pres de la limite Devonien/ 
Carbonifere qui sont envisagees dans ce travail, sont etablies a partir 
de l'etude des Cephalopodes, des Conodontes et des Spores. En effet, 
ce sont la les seuls groupes fossiles actuellement etudies a la fois 
dans les facies littoraux qui predominent en Belgique ainsi que dans 
le nord de la France et dans les facies bathyaux de la region situee 
a l'est du Rhin, en Allemagne. L'importance respective des Forami
niferes, des Ostracodes ou d'autres groupes fossiles, notamment pour 
les correlations stratigraphiques avec d'autres regions comme la 
plate-forme russe, est evidemment considerable et nous indiquerons 
la position de ces fossiles dans les diverses coupes de terrain que nous 
serons amenes a considerer. Cependant, les coupes ont ete choisies ici, 
avant tout, en fonction de leur interet pour la biostratigraphie des 
trois groupes fossiles cites en premier lieu. 
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Dans cette publication, E. Paproth explique la stratigraphie a l'aide 
de la megafaune dans la region a l'est du Rhin ; M. Streel a etudie 
les spores et a propose la biostratigraphie qui les concerne. 

II. LES PROFILS ET LEURS FOSSILES 

1) A vesnelles 

L'affleurement « Avesnelles » se situe dans la tranchee du chemin 
de fer de Fourmies a Avesnes (France) immediatement de part et 
d'autre du pont d' A vesnelles et entre ce pont et le passage a niveau 
de l'Epinette. 

Conil & Lys (in Conil 1964) ont decrit la lithologie de cette 
coupe avec le plus de precisions (1). L'etude recente de la faune a 
Foraminiferes par Conil & Lys (1970) est la seule ou les faunes 
soient figurees. Nous utiliserons leur systeme de reference constitue 
par les lettres f a v. 

De haut en bas affleurent : 

(v) Le calcaire noir d'Avesnelles 
(q-u) Le calcaire d'Etroeungt Sensu Lato (Conil 1964) 
(f-p) Les schistes de Sains (pars) comprenant, dans leur partie 

superieure (i-p) les schistes de l'Epinette (Conil & Lys 1967). 

L'affleurement « Avesnelles » a ete designe par Conil, Pirlet & 
Lys (1967) et par Mamet (1968) comme parastratotype et standard 
de reference lithostratigraphique et biostratigraphique des couches de 
passage Devonien/Carbonifere pour la region-type franco-belge. Ces 
propositions ont ete faites par ces auteurs, respectivement aux congres 
du Carbonifere a Sheffield et du Devonien a Calgary, tous les deux 
en 1967. 

Nous attirons l'attention sur le desaccord intervenu entre ces auteurs 
et Conil & Lys (1970) quant au niveau d'apparition precis des Fora
miniferes-guides Quasiendothyra kobeitusana et Quasiendothyra com
munis communis. 

Le contact entre le sommet du calcaire d'Etrreungt et la base du 
calcaire noir d'Avesnelles est abrupt dans toute la region de l'Avesnois. 

(1) Aucun point de repere topographique n'etant foumi par Bourdon, Fe
diaevsky & Maurin 1968, figure 1, il n'est pas possible de comparer leur coupe 
ACl avec la coupe-type de Gosselet (1888). 
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A Semeries (Delepine 1929), le sommet du calcaire d'Etrceungt contient 
Cymaclymenia euryomphala dans !'equivalent lithostratigraphique du 
terme u. A St-Hilaire (Austin & Rhodes 1970), la base du calcaire 
noir d'Avesnelles contient Protognathodus kockeli dans !'equivalent 
lithostratigraphique du terme v. Il est clair par consequent que la limite 
Devonien/Carbonifere sensu Heerlen 1935, telle qu'elle est definie a 
Oberrodinghausen (voir cette coupe) se place approximativement a 
la base du calcaire noir d' A vesnelles et non a son sommet comme l'in
dique B. Mamet (1968, fig. 2). 

L'affleurement « Avesnelles » contient les assemblages de spores 
suivants, de haut en bas : 

Avesnelles u (florizone Plsl). 
Ret11sotriletes incohatus, Retusotriletes p1111ctat11s, Apiculiret11sispora plicata, 
Retusotriletes planus, Verr11cosisporites nitidus, Grandispora echinata, Hy111e-
11ozonotriletes 111icroset11s,~ozonotdleies er'. 1111cat11s, Spinozonotriletes cf. 
te11uispi1111s, Raistrickia ampullacea, Raistrickia variabilis, Hymenozonotriletes 
lepidophytus, Cristatisporites echinatus, Knoxisporites hederatus, Vallatisporites 
p11sillites, Endosporites cf. 111i1111t11s, A 11roraspora macra, Perotrilites cf. peri
natus, Hymenozonotriletes versabilis. 

A vesnelles p (florizone Plm) 
meme assemblage que Avesnelles i-1, plus: 
P11stulatisporites gibberosus 
Raistrickia ampullacea 
Knoxisporites cf. hederatus. 

Avesnelles i-1 (florizone Pli) 
Retusotriletes incohatus, Retusotriletes p1111ctat11s, Apic11liretusispora plicata, 
Retusotriletes p/anus, Hymenozonotriletes microsetus, Spinozonotriletes cf. w1-

catus, Raistrickia variabilis, Hyme11ozo11otriletes lepidophytus, Knoxisporites cf. 
pristinus, Lophozonotriletes rarituberCZ1/at11s, Vallatisporites pusillites, Endospo
rites gr. milmtus, Auroraspora macra, A11roraspora solisortus, cf. Diaphanospora 
perplexa, Perotri lites cf. perinat11s, Hymenozonotriletes versabilis. 

Avesnelles e-h (florizone VUs) 
Ret11sotriletes incohatus, Retusotriletes punctatus, Apic11liret11sispora plicata, 
P11/vinispora depressa, Retusotriletes plam1s, Archaeozonotriletes famenensis, 
Hymenozonotriletes microsetus, Spinozonotriletes cf. uncatus, Spinozonotriletes 
cf. tenuispinus, Hystricosporites cf. obscurus, Raistrickia variabilis, Lophozo
notriletes lebedianensis, Endosporites gr. mim1t11s, A11roraspora macra, A11ro
raspora solisortus, cf. Diaphanospora perplexa, Perotrilites cf. perinatus, Hyme-
11ozo11otri/etes famenensis, Hyme11ozo11otriletes versabilis. 

Hymenozanotriletes lepidophytus est abondant dans le seul terme u : 
a ce niveau, les tailles de la population de cette espece (Streel 1966) 
correspondent a la zone E. 
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2) Etrreungt 

Coupe de reference classique (Gosselet 1888) du Calcaire 
d'Etroeungt clans la Carriere du Parcq, a 1 km a l'Est du village 
d'Etroeungt (France). La description lithologique la plus precise 
de cette coupe est donnee par Sartenaer & Mamet 1964, fig. 3. 

Deux assemblages de spores sont decrits ci-dessous, de haut en bas : 

Etroeungt 3-4 (florizone Plsl) provenant des schistes epais qui 
surmontent le bane a auge (quatrieme terme partie superieure; 
Gosselet 1888) : 

Retusotriletes incohatus, Retusotriletes punctatus, Retusotriletes planus, Grandi
spora echinata, Spinozonotriletes cf. uncatus, Raistrickia variabilis, Hymeno
zonotriletes lepidophytus, Cristatisporites echinatus, Lophozonotriletes rarituber
cu/atus, Val/atisporites pusil/ites, Endosporites gr. minutus, Perotrilites cf. 
perinatus, Hymenozonotriletes versabilis. 

Etrreungt 5-1 (florizone Plm) provenant des laies de schistes pre
leves a la base du profil figure par Sartenaer & Mamet 1964, fig. 3 
(base du terme a de Conil 1964, pl. I) et a la base du gros bane de 
dessus (base du 4• terme; Gosselet 1888) : 

Retusotriletes incohatus, Retusotriletes punctatus, Retusotriletes verrucosus, 
Apiculiretusispora plicata, Retusotriletes planus, Hymenozonotriletes microsetus, 
Spinozonotriletes cf. uncatus, Spinozonotriletes cf. tenuispinus, Pustulatisporites 
gibberosus, Raistrickia variabilis, Hymenozonotriletes lepidophytus, Knoxispo
rites pristinus, Knoxisporites gr. hederatus, Vallatisporites pusillites, Endospori
tes gr. minutus, Auroraspora macra, cf. Diaphanospora perplexa, Perotrilites 
cf. perinatus, Hymenozonotriletes famenensis, Hymenozonotriletes versabilis. 

Seuls Jes assemblages 5-1 contiennent H. lepidophytus en nombre 
suffisant pour determiner que la zone biometrique a laquelle ils appar
tiennent est la zone E. Cependant, ces assemblages sont tries, contenant 
seulement de petits specimens des autres especes. La valeur stratigra
phique de cette determination nous parait, par consequent, douteuse. 

3) Yvoir-Tunnel 

Coupe, decrite et figuree par Conil (1964, 1968), situee clans un 
tunnel creuse a l'extremite Quest d'une ancienne carriere pres du 
chftteau Dapsens, a Yvoir (Belgique). Cette coupe presente un facies 
surtout schisteux des schistes et calcaires d'Hastiere dont le strato
type est, par ailleurs, relativement proche (10 km au Sud d'Yvoir). 

L'equivalent chronostratigraphique du Tnlb (tel qu'il est defini 
a Hastiere et a Anseremme, Conil 1964) est repere clans la coupe 
d'Yvoir-tunnel par Conil (1968) sur la base de brusques modifications 
sedimentologiques et de correlations rythmiques. Les recherches per-
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mettant de definir avec toute la precision souhaitee les limites Tnla/ 
Tnlb/Tn2a dans la region-type d'Hastiere-Anseremme sont toujours 
en cours. 

C'est pourquoi, nous utiliserons avec reserve ci-dessous cette termi
nologie et les subdivisions a., ~' y du Tnlb pour situer nos echantillons 
sur la coupe figuree par Conil (1968). 

La coupe contient les assemblages de spores suivants, de haut en 
bas : 

Yvoir-tunnel, base du « Tn2a » (cenozone TE) 
Punctatisporites irrasus, Retusotriletes incohatus, Baculatisporites fusticu/us, 
Retusotriletes planus, V,erryCJMj§porites nitidus, Archaeozonotriletes gracilis, 
Hymenozonotriletes micro~etus,· Hy/~~~1oz~n~/;:iletes explanatus, Endosporites gr. 
minutus, Auroraspora macra, Hymenozonotriletes versabilis. 

Yvoir-tunnel 52-58, schistes de part et d'autre du bane calcaire 
« Tnl b~ » (florizone TE) 
Retusotriletes incohatus, Retusotriletes punctatus, Apiculiretusispora plicata, 
Retusotriletes planus, VerruqosisQQrites 11i1i_d!!_s, Spinozonotriletes cf. uncatus, 
Spinozonotriletes cf. ten11ispi11us, Raistrickia macrurus, Dictyotriletes trivia/is, 
Lophozonotriletes rarituberculatus, Endosporites gr. minutus, Auroraspora macra, 
Perotrilites cf. perinatus. 

Yvoir-tunnel 48-50, schistes du « Tnlba. » (florizone ?Pls) 
Retusotriletes incohatus, Retusotriletes punctatus, Verrucosisporites nitidus, Ar
chaeozonotriletes graci/is,t!!!Jymenozonotriletes /epidophytus, Loplwzvnoffiletes 
raritubercu/atus, Endosporiles gr. minutus. ·· 

Yvoir-tunnel 41, schistes a la base du « Tnlba. » (florizone Plsl) 
Retusotriletes incohatus, Retusotriletes punctatus, Retusotriletes verrucosus, Ver· 
rucosisporites nitidus, Grandispora echinata, Hymenozonotriletes microsetus, 
Spinozonohi~cTUncatus, Spinozonotriletes cf. tenuispinus, Raistrickia varia
bilis, Hymenozonotriletes lepidophytus, Knoxisporites cf. hederatus, Lophozo
notriletes rarituberculatl(s, Eliaosporites gr. minutus, Auroraspora macra, cf. 
Diaphanospora perplexa, Perotrilites cf. perinatus. 

Yvoir-tunnel 4, schistes du « Tnla » (florizone Plm) 
Retusotriletes incohatus, Retusotriletes punctatus, Apiculiretusispora plicata, 
Retusotriletes planus, Grandispora echinata, Archaeozonotriletes gracilis, Spino
zonotriletes cf. uncatus, Spinozonotriletes cf. tenuispinus, Hystricosporites sp. aff. 
H. multifurcatus, Raistrickia ampullacea, Raistrickia variabilis, Hymenozonotri
letes /epidophytus, Vallatisporites pusillites, Endosporites gr. minutus, Aurora-

\.: spora--macra~·-A uroraspora solisortus, cf. Diaphanospora perplexa, Perotrilites 
cf. perinatus, Hymenozonotriletes versabilis. 

Hymenownotriletes lepidophytus est abondant dans les echantillons 
41 et 4 ou les tailles de la population de cette espece correspondent 
respectivement aux zones F et D. 
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4 et 5) Ourthe : Chanxhe et Rivage-gare 

Deux coupes classiques complementaires dans la vallee de l'Ourthe 
(Belgique), redecrites et figurees par Conil (1964, Pl. V a IX), dont 
nous utilisons ci-dessous la numerotation des banes. La terminologie 
Fm2b/Tnla/Tnlb et la position respective de ces limites sur ces 
planches V a IX de Conil (1964) ant ete modifiees ulterieurement 
(Conil 1968 ; Bouckaert, Streel & Thorez 1968, 1970). Les remar
ques faites au sujet des limites Tnla/Tnlba, ~, y/Tn2a a Yvoir sont 
applicables aussi aux coupes de l'Ourthe. 

4) L'affleurement de Rivage-gare comprend la coupe de reference de 
l'assise de Comblain-au-Pont (Mourlon 1875) que Conil (1964, p. 47-
49) situe approximativement entre les banes 108 et 150. Cette coupe 
est aussi le support lithologique du Fa2d defini par Bouckaert, Streel 
& Thorez (1968) et qui correspond aux banes 96 (apparition de H. 
lepidophytus) a 114 (sous !'apparition de Quasiendothyra kobeitusana). 
La coupe contient les assemblages de spores suivants, de haut en bas : 

Rivage-gare 159-161 (florizone PLsl) 
Retusotriletes incohatus, Retusotriletes p1111ctat11s, Retusotriletes verrucosus, Ba
culatisporites fusticulus, Apiculiretusispora p/icata, Retusotriletes p/anus, Acan
thotriletes hacquebardii, Grandispora echin'ata, Spinozonotriletes cf. tenuispinus, 
Pustulatisporites gibberosus, Hystricosporites sp. aff. H. 11111/tifurcatus, Raistrickia 
ampullacea, Raistrickia macrurus, Raistrickia variabilis, Hymenozonotriletes 
lepidophytus, Cristatisporites echinatus, Lop/wzonotrilete~ rarituberculatus, 
Vallatisporites pusi/lites, Endosporites gr. minutus, Auroraspora macra, Perotrili
tes cf. perinatus, Hymenozonotriletes famenensis, Hymenozonotriletes versabilis. 

Rivage-gare 131 (florizone PLm) 
Retusotriletes incohatus, Retusotriletes punctatus, Retusotriletes verrucosus, 
Apiculiretusispora plicata, Retusotriletes p/anus, Hystricosporites sp. aff. H. 11111/

tifurcatus, Hymenozonotriletes /epidophytus, Lop/wzonotriletes lebedianensis, 
Val/atisporites pusi/lites, Hymenozonotriletes acanthyrugosus, Endosporites gr. 
minutus, Auroraspora macra, Perotrilites cf. perinatus. 

Rivage-gare 96 (florizone PLi) 

Retusotriletes incohatus, Retusotriletes pzmctatus, Apicu/iretusispora p/icata, 
Retusotriletes planus, Raistrickia variabilis, Hymenozonotriletes lepidophytus, 
Vallatisporites pusi/lites, Endosporites gr. minutus, Auroraspora so/isortus, Pero
trilites cf. perinatus, Hymenozonotriletes versabilis. 

Dans la coupe de Chanxhe, le niveau 111 (equivalant au niveau 108 
de Rivage-gare) contient Spathognathodus costatus ultimus, caracteris
tique de la zone a conodontes costatus moyenne et superieure (toVI -
W ocklumeria Kalk - dans la coupe d'Oberrodinghausen). D'autre part, 
c'est dans la coupe de Chanxhe que les populations d'Hymenozanotri-
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Zetes lepidophytus ont ete etudiees particulierement sous l'angle de 
leur biometrie : les histogrammes de frequence de taille de cette espece 
aux niveaux 112 et 129 servent de reference a la definition des limites 
C/D/E (voir Streel 1966, hors-texte 1 et 1968, fig. 1 : niv. 12 et 8). 

Chanxhe 116-129 (florizone PLm) 

Retusotri/etes incohatus, Retusotri/etes punctatus, Apiculiretusispora plicata, 
Retusotriletes p/anus, Spinozonotriletes cf. uncatus, Spinozonotriletes cf. tenui
spinus, Hystricosporites sp. aff. H. mu!tifurcatus, Raistrickia ampullacea, Hyme
nozonotriletes lepidophytus, Vallatisporites pusil/ites, Endosporites gr. minutus, 
Auroraspora macra, Perotrilites cf. perinatus, Hymenozonotriletes famenensis, 
Hymenozonotriletes versabi/is. 

Chanxhe 101-114 (florizone PLi) 

Retusotriletes incohatus, Retusotriletes punctatus, Apicu/iretusispora plicata, 
Pulvinispora depressa, Retusotriletes planus, Acanthotriletes hacquebardii, Hyme
nozonotriletes microsetus, Spinozonotriletes cf. uncatus, Spinozonotriletes cf. 
tenuispinus, Dibo/isporites echinaceus, Raistrickia variabilis, Hymenozonotriletes 
lepidophytus, Vallatisporites pusillites, Endosporites gr. minutus, Auroraspora 
macra, Auroraspora solisortus cf. Diaphanospora perplexa, Perotrilites cf. peri
natus, Hymenozonotriletes famenensis, Hymenozonotriletes versabilis. 

Chanxhe 70 (florizone VUs) 

Retusotriletes incohatus, Retusotriletes punctatus, Apiculiretusispora plicata, 
Pulvinispora depressa, Retusotriletes planus, Archaeozonotriletes famenensis, 
Spinozonotriletes cf. tenuispinus, Hystricosporites cf. obscurus, Raistrickia varia
bilis, Hymenozonotriletes aff. H. archaelepidophytus, Knoxisporites pristinus, 
Lophozonotriletes lebedianensis, Tumulispora ordinaria, Endosporites gr. minu
tus, Auroraspora macra, Auroraspora so/isortus, cf. Diaphanospora perplexa, 
Perotrilites cf. perinatus, Hymenozonotriletes versabilis. 

6) Ratingen 

Cet affleurement classique (Paul 1937, 1939 ; Boger 1962) dans 
l'Anticlinal de Velbert, environ 10 km a l'est du Rhin se trouve dans 
le pare « Blauer See » (feuille Kettwig, en 1 : 25.000, r. 60.000 h. 
86160). Les couches affleurent le long du chemin de l'entree au 
theatre de plein air. Une coupe detaillee sous la denomination « Crom
ford » est publiee par Conil & Paproth (1968) reprenant la numero
tation des banes de Paul (1939) et decrivant la position des faunes 
a Cephalopodes et Foraminiferes. Nous utilisons aussi cette nume
rotation. 

Boger (1962, p. 139) a trouve dans les 5-6 m. superieurs des couches 
24 + 25 (le « calcaire a Ostracodes »,bane 6 de Boger), des Conodontes 
peu abondants, Siphonodella lobata et Polygnathus inornata, qui indi-
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quent, d'apres Boger, a peu pres le toit des couches a Gattendorfia. La 
position exacte de Cymaclymenia euryomphala dans le profil n'est pas 
connue, parce que les affleurements y sont incomplets. 

On peut trouver ce fossile a present dans un gres brunatre, altere, 
qui a l'origine a eu certainement un certain contenu en calcaire. Cette 
succession greseuse se trouve a la place des couches 22 + 23 ( « j » de 
Conil 1964, p. 62), en-dessous du calcaire a Ostracodes dont le toit 
appartient a la partie superieure des couches a Gattendorfia, et au 
dessus de la succession calcareuse 21. Paul (1939 p. 656) qui a donne 
des details tres precis, indique Cymaclymenia euryomphala aussi un 
peu plus bas, dans les 7 ,20 m de base de la succession 21 ( « i » de 
Conil 1964, p. 61). Les deux couches a C. euryomphala appartiennent a 
la partie la plus ancienne du Tnlb (a Quasiendothyra communis, Quasi
endothyra kobeitusana et Cryptophyllus) ; en etudiant les coraux de la 
Couche 21 recoltes par Paul et Schindewolf, M. Weyer a trouve des 
formes dites typiques du Tnl a. 

Une faune a Kosmoclymenia sp. correspondant a la biozone to VI a 
ete trouvee par Paul (1939, pp. 663, 698) dans une coupe voisine qui 
est completement detruite (vieille carriere a l'ouest de Klein-Steinko
then). Le bane a Kosmoclymenia doit etre !'equivalent lateral du 
bane 15 de Ratingen. 

La coupe contient les assemblages de spores suivants, de haut en 
bas: 

Ratingen 17-19 (florizone PLsl) 

Retusotri/etes incohatus, Retusotriletes punctatus, Apiculiretusispora plicata, 
Retusotri/etes p/anus, Grandispora echinata, Spinozonotriletes cf. uncaflls, Spino
zonotriletes cf. uncatus, Spinozonotriletes cf. tenuispinus, Pusflllatisporites gibbe
roS11s, Hymenozonotriletes /epidophytus, Knoxisporites cf. hederatus, Lophozo
notriletes rarituberculatus, Tumu/ispora ordinaria, Vallati'sporites pusillites, 
Endosporites gr. minutus, Auroraspora macra, Perotrilites cf. perinatus, Hyme
nozonotri/etes famenensis, Hymenozonotriletes versabilis. 

Ratingen 3 (florizone PLi ?) 

Retusotriletes incohatus, Retusotriletes punctatus, Retusotriletes planus, Hymeno
zonotriletes lepidophytus, Vallatisporites pusillites, Endosporites gr. minutus, 
Auroraspora so/isortus, Perotrilites cf. perinatus, Hymenozonotriletes famenen
sis, Hymenozonotriletes versabilis. 

Chacun de ces assemblages contient H. lepidophytus en grand nom
bre. Les echantillons 17-19 correspondent aux zones E et F, les echan
tillons 3 a la zone D.' L'ensemble des spores sont representees cepen
dant par des specimens tres petits et par suite, la signification stratigra
phique de ces zones basees sur la biometrie nous parait sujette a 
caution. 
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7) Oberrodinghauseu 

L'affleurement « Oberrodinghausen » se trouve dans la tranchee du 
chemin de fer de Menden a Balve, environ 450 m au Sud de la 
station Oberrodinghausen, sur le versant occidental de la vallee de la 
Honne (feuille Balve, en 1 : 25000, r. 19400, h. 96100). De haut en 
bas, y affleurent : 
- Liegende Alaunschiefer, 

Obere Hangenberg-Schichten (Hangenberg-Kalk ou Gattendorfia 
Kalk), 

Untere Hangenberg-Schichten (Hangenberg-Schiefer), 
- W ocklumeria-Kalk, 
- Dasberg-Kalk et la succession plus ancienne du Devonien superieur. 

La localite a ete rendue classique par les etudes minutieuses des 
Cephalopodes du Wocklumeria-Kalk (Schindewolf 1937) et du Gatten
dorfia-Kalk (Vohringer 1960). Les Conodontes des deux calcaires 
noduleux ont ete etudies par Voges (1960) et dans les affleurements 
proches par Ziegler (1962, p. 140-151). De plus, cette localite a ete 
proposee comme profil de reference par Paeckelmann & Schindewolf 
(1937, p. 710) au cours de leur motion concernant la definition de la 
limite entre Devonien et Carbonifere qui a ete acceptee par le 2° Congres 
de Stratigraphie du Carbonifere a Heerlen (1935) (C.R., vol. 1, pp. 7-
8) : la premiere apparition de l'espece Gattendorfia subinvoluta mar
quant la base du Carbonifere. A Oberrodinghausen, Ga. subinvoluta 
apparait a la base du Hangenberg-Kalk. La qualite du profil Oberro
dinghausen comme profil de reference officieux lui a assure, des 1935, 
un interet tout particulier de la part des stratigraphes. Cet interet s'etait 
renforce par la richesse en fossiles guides des deux sequences de cal
caire noduleux, du Hangenberg-Kalk et du Wocklumeria-Kalk. Dans 
les Hangenberg-Schiefer, au contraire, on connaissait seulement Gueri
chia venustiformis qui n'est pas un fossile guide et, dans les 50 cm les 
plus bas, des Cymaclymenia euryomphala. L'absence des fossiles guides 
dans la succession en dessous du Hangenberg-Kalk et le changement 
net des sediments - de calcaire noduleux aux schistes greseux - ant 
beaucoup trouble les stratigraphes. 

La subdivision biostratigraphique des couches pres de la limite 
devono-carbonifere de cet affleurement est reprise au tableau 1. Les 
Hangenberg-Schiefer se situent dans la subzone a W ocklumeria sphae
roides de Schindewolf (1937, p. 38). Celle-ci est representee ici par: 

les Hangenberg-Schiefer : 
schistes a Imitoceras sp., puissance 550 cm, 
schistes a Cymaclymenia euryomphala, puissance 50 cm, 
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la partie superieure (80 cm de puissance) du 
Wocklumeria-Kalk (couches n° 1 a 4 de Schindewolf). 

Les nombreux Cephalopodes trouves recemment dans les Hangen
berg-Schiefer sont Cymaclymenia euryomphala et Prionoceras (Imito
ceras) sp. ( « Imitoceras sp. » dans le texte) (2). Taus les exemplaires de 
Cymaclymenia euryomphala sont aplatis. La suture est visible sur 
quelques exemplaires. Les Imitoceras sont tous incomplets et plus ou 
moins ecrases, sauf quelques petits exemplaires qui ne sont pas deter
mines. La plupart des Imitoceras sont des empreintes et des moulages 
sculptes. Un seul exemplaire trouve par M. J. Gandl de l'Universite de 
Wtirzburg, montre la suture sur le flanc (pl. 24, fig. 2). Tous les speci
mens plus grands qu'l cm montrent un ombilic tres etroit; deux spe
cimens plus petits, dont la region ombilicale est mal conservee, 
pourraient avoir un ombilic un peu moins etroit que les autres. Les 
specimens sont ornementes par des stries fines d'accroissement formant 
sur les flancs une double courbure legere et passant par la face ventrale 
droite ou tres faiblement convexe vers !'avant. Plusieurs exemplaires, 
qui surement ne sont pas influences par une deformation significative 
due a l'ecrasement, montrent des sillons nets sur les flancs et sur la face 
ventrale. Par ces caracteres, on peut determiner les exemplaires comme 
Prionoceras (Imitoceras) sp. La determination au niveau specifique 
n'est pas possible etant donne l'etat de conservation des specimens. 

Assemblages de spores des Hangenberg-Schiefer dans l'Honnetal. 
Onze echantillons se succedant a 50 cm d'intervalle l'un de l'autre 

a partir de la base des Hangenberg-Schiefer a Oberrodinghausen 
contiennent des spores dont la liste des especes est donnee ci-dessous : 

Florizone PLs2 
Punctatisporites irrasus, Retusotriletes incohatus, Retusotriletes punctatus, Bacu
latisporites fusticulus, Retusotriletes planus, Schopfites cf. claviger, Verrucosi
sporites nitidus, Grandispora echinata, Raistrickia corynoges, Corbulispora cf. 
subalveolaris, ? Dictyotriletes sp. Hy111e11ozo11otriletes lepidophytus, Cristati
sporites echinatus, Knoxisporites cf. pristinus, Knoxisporites literatus, Lopho
zonotriletes lebedianensis, Lophozonotriletes rarituberculatus, Tumulispora ordi
naria, Vallatisporites pusillites, Hymenozonotriletes cf. acanthyrugosus, Endo
sporites gr. mi1111tus, Auroraspora macra, cf. Diaphanospora perplexa, Perotri
lites cf. perinafus, Hymenozonotriletes famenensis. 

Un accroissement significatif des pourcentages relatifs d' H. lepido
phytus commence a 1,50 m au-dessus de la base des Hangenberg
Schiefer pour atteindre 25 % de !'assemblage a 3 m au-dessus de la 

(2) Les specimens se trouvent dans la collection du Geologisches Landesamt 
Nordrhein-Westfalen, Krefeld, sous les numeros de Kar 220-318. 
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base. Entre 3,50 et 4 m, les assemblages passent de la zone biometrique 
D a la zone biometrique E. C'est aussi clans cet intervalle que Valla
tisporites pusillites montre un accroissement sensible de son pourcen
tage relatif qui passe de valeurs de l'ordre de 5 % a des valeurs supe
rieures a 20 % . Les echantillons preleves a 4,5 m et a 5 m contiennent 
des spores mal conservees (voir fig. 9, pl. 3) ; la taille d'H. lepidophytus 
correspondrait a la zone D. Deux echantillons, preleves a Oese en face 
de la station du chemin de fer, respectivement a la base des Hangenberg
Schiefer et 2 m au-dessus de cette base, ainsi que 3 echantillons prele
ves a 1 metre d'intervalle environ clans les Hangenberg-Schiefer exposes 
clans le thalweg d'un ruisseau a Apricke contiennent des assemblages 
aux caracteristiques comparables a ceux d'Oberrodinghausen. 

8) Stockum 

L'affleurement de « Stockum » se trouve pres du village Stockum, 
a cote d'un chemin recemment asphalte, au pied sud-ouest du Spitzer 
Kahlen-Berg (feuille Plettenberg, en 1 :25000, r. 30200, h. 84600). 
Y affleurent plus de 8 m de Hangenberg-Schichten. Ce sont des psam
mites calcareux alternant avec des schistes greseux. Guerichia 
venustiformis (Sadykov) se trouve frequemment clans tout le profil, 
sauf clans la partie superieure de la couche 15 ou elle manque. Dans 
la partie superieure de la couche 3 se trouvent en outre des restes 
d'autres Lamellibranches et un reste de Cephalopode. Celui-ci ne 
montre ni suture ni sillon ; son ombilic etroit et sa sculpture le rappro
chent des Imitoceras de Oberrodinghausen. Nous Le nommons « Prio
noceras (Imitoceras) sp. » (De 319) (3). 

A cette localite, a hauteur de la couche 4 environ, comme M. Her
mann Schmidt l'a montre a !'occasion d'une visite de la coupe, W. 
Henke avait trouve une lentille calcareuse riche en cephalopodes 
etudies par H. Schmidt. D'apres la revision recente par D. Weyer 
(1965, p. 293), cette faune contient: 

Prionoceras (Imitoceras) substriatum (Munster) 
Prionoceras (lmitoceras) intermedium (Schindewolf) 
Prionoceras (lmitoceras) carinatum (H. Schmidt) 
Prionoceras (lmitoceras) prorsum prorsum (H. Schmidt) 

D. Weyer (1965, p. 293 f.) a decouvert que ce calcaire contient egale
ment des conodontes : Polygnathus communis communis Branson & 
Mehl et Gnathodus n. sp. A Collinson, Scott & Rexroad (1962). Weyer 
en deduit un age un peu plus ancien que la partie la plus inferieure du 
Gattendorfia-Kalk a Oberrodinghausen. 

(3) Numero de la collection du Geologisches Landesamt, Krefeld. 
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Cette determination a ete confirmee par une etude plus recente. 
Ziegler (1969, p. 349) en decrit les Conodontes suivants: 

Protognathodus kockeli 
P. meischneri 
P. collinsoni 
Ligonodina 
Lonchodina 
Hibbardella 
Angulodus 

Prioniodina 
. Hindeodella 
N eoprioniodus 
Spathognathus 
Ozarkodina 
Polygnathus communis 

Pour cette faune a Protognathodus, Ziegler n'a pas cree une zone 
puisqu'on ne connait pas, ni vers le haut ni vers le bas, une succession 
de Conodontes continue dans cette coupe. 11 signale cependant (Nach
trag, p. 357) !'existence dans la Seiler, pres d'Iserlohn, sous un calcaire 
a Gattendorfia, de deux faunes a Protognathodus, l'une, l'inferieure, 
comparable a celle citee ci-dessus, I'autre, la superieure, OU Gnathodus 
n. sp. B sensu Collinson, Scott & Rexroad (1962) domine. 

La limite inferieure des Liegende Alaunschiefer (a Siphonodella 
crenulata) n'affleure pas au Spitzer Kahlen-Berg. D'apres la lithologie, 
on pourrait supposer qu'elle se trouve 18 m au-dessus de la couche 15. 
La puissance considerable des Hangenberg-Schichten peut etre expli
quee par la richesse en sable de ce profil. La puissance des Hangenberg
Schichten s'accroit en fonction du contenu en sable. 

Les assemblages de spores proviennent de trois niveaux situes res
pectivement a 1 m, 2 m et 5 m au-dessus de la faune a Cephalopodes 
et a Conodontes. 

Stockum 1-4 (florizone PLs 3) 
Punctatisporites irrasus, Retusotriletes incohatus, Retusotriletes punctatus, Bacu
latisporites fusticulus, Verrucosisporites nitidus, Grandispora echinata, Dictyo
triletes trivia/is, ? Dictyotriletes sp., Hymenozonotriletes lepidophytus, Knoxi
sporites cf. pristinus, Lopl10zo11otriletes rarituberculatus, Vallatisporites pusil
lites, Hymenozonotriletes explanatus, Auroraspora macra, Perotrilites cf. perina
tus, Hymenozonotriletes famenensis. 

9 et 10) Tournaisis 

Les sondages de Tournai (9) et de Leuze (10) sont implantes a 
15 km de distance l'un de l'autre, a l'ouest du Synclinorium de Namur 
(Belgique), soit plus pres du paleorivage que !'ensemble des coupes 
citees jusqu'ici. Legrand, Mamet & Mortelmans (1966) ont publie une 
analyse lithologique, rythmique et micropaleontologique de ces son
dages. Dans l'intervalle sedimentaire qui nous concerne ici, il faut 
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admettre que si des formations telles que Assise d'Evieux ?, Calcaire 
d'Etrreungt, Calcaire d'Hastiere, schistes a Peracuta ont ete identifiees 
(voir aussi Mortelmans, 1969, p. 21), par contre, la biostratigraphie 
de ces couches est encore tres imprecise. D'autant plus est-il premature 
de tenter une datation de ces formations par les sigles chronostratigra
phiques Tnla, Tnlb. 

Les assemblages de spores decrits ci-dessous sont situes par les 
cotes de profondeur des sondages. 

Sondage de Leuze: 599-575 m, facies des schistes a peracuta -
Florizone TE 
Punctatisporites irrasus, Punctatisporites obliquus, Retusotriletes incohatus, Retu
sotriletes punctatus, Baculatisporites fusticulus, Retusotriletes p/anus, Retusotri· 
/etes rotundus, Verrucosisporites nitidus, Grandispora echinata, Archaeozono· 
triletes graci/is, Hymenozonotri/etes microsetus, Spinozonotriletes cf. uncatus, 
Spinozonotriletes cf. tenuispinus, Raistrickia variabilis, Raistrickia corynoges, 
Hymenozonotriletes cf. acanthyrugosus, Hymenozonotriletes exp/anatus, Dictyo
tri/etes trivia/is, Endosporites gr. minutus, Auroraspora macra, cf. Auroraspora 
solisortus, Hymenozonotriletes versabilis. 

Sondage de Tournai: 215-212 m, facies des schistes a peracuta -
Florizone TE 
Pzmctatisporites irrasus, Punctatisporites obliquus, Retusotri/etes incohatus, 
Bacu/atisporites fusticulus, Retusotriletes p/anus, Verrucosisporites nitidus, Gran
dispora echinata, Archaeozonotriletes gracilis, Spinozonotriletes cf. uncatus, 
Raistrickia variabilis, ? Stenozonotriletes sp., Hymenozonotriletes explanatus, 
Endosporites gr. minutus, Auroraspora macra, Hymenozonotri/etes versabilis, 
Dictyotriletes trivia/is. 

Sondage de Tournai: 325-315 m, facies de l'assise d'Evieux? -
Florizone PLs. 
Punctatisporites irrasus, Retusotriletes incohatus, Retusotriletes punctatus, Retu
sotriletes verrucosus, Baculatisporites fusticu/us, Apiculiretusispora plicata, Retu
sotriletes p/anus, Verrucosisporites nitidus, Grandispora echinata, Hymenozo· 
notriletes microsetus, Spinozonotriletes cf. uncatus, Spinozonotri/etes cf. 
tenuispinus, Pustulatisporites gibberosus, Hystricosporites cf. obscurns, Hystri
cosporites spp., Hystricosporites sp. aff. H. 11111/tifurcatus, Raistrickia macrurus, 
Raistrickia variabi/is, Raistrickia corynoges, Hymenozonotriletes /epidophytus, 
Hymenozonotriletes aff. H. archae/epidophytus, Cristatisporites eclzinatus, Ar" 
chaeozonotri/etes deda/eus, Knoxisporites cf. pristinus, Loplzozonotriletes cf. 
grandis, Tumu/ispora ordinaria, Vallatisporites pusillites, Dictyotriletes trivia/is, 
Hymenozonotri/etes cf. acanthyrngosus, Endosporites gr. minutus, Auroraspora 
macra, Auroraspora solisortus, cf. Diaplzanospora perplexa, Endosporites ? sp. 
Perotrilites cf. perinatus, Hymenozonotriletes famen.ensis, Hymenozonotriletes 
versa bi/is. 

Une partie de cet assemblage est decrit et figure par Caro-Moniez 
(1962). H. lepidophytus est rare et de tres petite taille: 21 (31-36) 51 µ. 
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11) Fe]uy 

Coupe dans la vallee de la Samme (Belgique) a une cinquantaine de 
kilometres a l'Est de Tournai. Profil 932 decrit et figure par Conil 
1959, pl. VI. Austin & Rhodes (1970) ont identifie Polygnathus com
munis communis, Spathognathodus costatus costatus, S. costatus sul
ciferus et Patrognathus variabilis dans le bane 21, situe 8 m en
dessous de !'assemblage de spores ci-dessous. Tchigova (1970, p. 552) 
a trouve une faune d'ostracodes « Malevka-Upa » dans Jes 2 metres 
de sediments situes sous la faune a conodontes. 

L'assemblage de spores ci-dessous provient des schistes du sommet 
de la coupe 932 figuree par Conil (1959). 

Feluy 2-1 (florizone TE) 
Leiotriletes ornatus, Punctatisporites irrasus, Retusotriletes incohatus, Bacula
tisporites fusticulus, Retusotriletes planus, Verrucosisporites nitidus, Archaeozo
notriletes gracilis, Spinozonotriletes cf. tenuispinus, Raistrickia variabilis, Rai
strickia corynoges, Endosporites gr. minutus, Dictyotriletes trivia/is, Aurora
spora macra, Hymenozonotriletes versabilis. 

12 a 19) 205 echantillons recolt6s a l'est du Rhin ont ete maceres 
sans succes ou contenaient seulement de tres rares spores. La liste des 
points de prelevement est donne ci-dessous : a Oberrodinghausen
ouest (rail), 10 echantillons dans le Gattendorfia-Kalk ; a Oberroding
hausen-est (route: voir Ziegler 1962), 9 echantillons dans la partie 
greseuse des Hangenberg-Schiefer (Hangenberg-Sandstein) et 32 echan
tillons, de la zone a conodontes velif era a la zone costatus. A Oese, en 
face de la station de chemin de fer, 2 echantillons dans le Wocklumer 
Kalk, 3 echantillons de part et d'autre du Gattendorfia-Kalk. 

12) Velberter Sattel 

Deux echantillons a Dresberg, 1 echantillon a Kopfstation Neviges, 
dans les equivalents schisteux non dates des Hangenberg-Schiefer 
(voir Conil & Paproth, 1968). 

13) Wocklum, Borke-Wehr et la pente SW du Trachtenberg pres de 
Langenholthausen 

L'affleurement pres du Borke-Wehr est la localite type des Wocklu
mer Schichten (feuille Balve, en 1:25000, r. 22070, h. 88640). lei et 
au Trachtenberg (feuille Balve, en 1:25000, r. 21880, h. 86310), 
l'epaisseur des Hangenberg-Schiefer est reduit a environ 1 m (voir 
Voges 1960, p. 205 ; H. Schmidt & Plessmann 1961, p. 56 ; Schinde
wolf 1937, p. 41-42). 8 echantillons ont ete preleves dans les calcschis
tes des Wocklumer Kalk et Gattendorfia-Kalk et dans les Hangenberg
Schiefer. 
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14) Grimminghausen 

Elsper Mulde (voir Rabien 1960, p. 87) 10 echantillons preleves de 
part et d'autre des schistes contenant des trilobites contemporains de 
la zone a Gattendorfia. 

15) Drewer, « ostlicher Provinzialsteinbruch » 

La carriere pres de Brilon (feuille Ri.ithen, en 1:25000, r. 55400, 
h. 06900) est la localite ou Schindewolf (1937, p. 14) a trouve Cyma
clymenia euryomphala et plusieurs especes de Clymeniides dont W ock
lumeria sphaeroides dans les Hangenberg-Schiefer (voir H. Schmidt 
1927a, p. 7; 1927b): 5 echantillons dans le Wocklumer Kalk, les 
25 cm de Hangenberg-Schiefer noirs et le Gattendorfia-Kalk. 

16) Meschede 

51 echantillons dates par Ostracodes et Conodontes (voir Rabien 
& Rabitz 1958) et s'etageant des couches d'Adorf ou Liegende 
Alaunschiefer. 

17) Kellerwald 

28 echantillons, la plupart dates par Conodontes et Ostracodes, 
recueillis par le Professeur D. Meischner et s'etageant des couches 
d'Adorf au Liegende Alaunschiefer. 

18) Dill-Mulde 

30 echantillons bien dates par Conodontes et Ostracodes recueillis 
par le Dr. A. Rabien et s'etageant des couches d'Adorf au Liegende 
Alaunschiefer. 

4 echantillons proches OU appartenant au Hangenberg-Schiefer 
contiennent un assemblage semblable a celui de Oberrodinghausen-rail 
et sont a l'etude. 

19) Ost-Thiiringen 

4 echantillons provenant de la Carriere de Geipel dans la ville de 
Schleiz (Thiiringen), dans des schistes a w ocklumeria, et d'une Carriere 
proche de l'ancienne Buschteich pres de Rodersdorf, au nord de 
Schleiz (voir Gri.indel 1961, p. 66). Ces echantillons ont ete recoltes 
par le Dr. D. Weyer. 
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20) Oberfranken 

6 echantillons provenant de la localite-type du genre Gattendorfia 
Schindewolf, au NW de Kirchgattendorf, dans les schistes a nodules 
calcareux de la zone a Gattendorfia subinvoluta (voir Vohringer 1960, 
p. 189); de la vallee de la Wilde Rodach, pres de Fels dans 15 m de 
schistes gris de l'etage a Gattendorfia, a Guerichia venustiformis (voir 
Wurm 1925, p. 174, Abb. 47). 

III. DISTRIBUTION STRATIGRAPHIQUE DES FOSSILES 
EN RELATION A VEC LA SEDIMENTATION 

La figure 3 reprend une liste d'especes identifiees dans les bassins 
ardenno-rhenans. Cette liste n'est pas complete puisqu'elle ne 
comprend pas les especes nouvelles qui seront decrites ailleurs, en 
meme temps que seront proposees aussi de nouvelles combinaisons 
taxonomiques. 

Les points d'apparition, d'abondance et d'extinction de ces especes 
determinent une succession de florizones identifiees par les symboles 
GM (gracilis-minutus), VU (versabilis-uncatus}, PL (pusillites-lepido
phytus) et TE (trivialis-explanatus) et leurs subdivisions eventuelles, 
i (inferieur,) m (moyen) et s (supfaieur). 

Dans !'ensemble du Synclinorium de Dinant et de la Vesdre ainsi 
qu'a Ratingen, des sediments carbonates, depourvus de spores, s'inter
calent entre la florizone PLsl et la florizone TE (voir fig. 1). La flori
zone PLsl correspond tres regulierement aux zones E et F basees sur 
la biometrie de H. lepidophytus (Streel 1966). Dans l'Avesnois et a 
Ratingen cette florizone est de meme age OU plus ancienne que la zone 
a Cymaclymenia euryomphala. 

Dans la region de l'Honnetal, seules ont ete identifiees les florizones 
PLs2 (a Oberrodinghausen, a Oese et a Apricke) et PLs3 (a Stockum). 
L'apparition, dans les florizones PLs de cette region, des especes 
connues seulement a partir de la florizone TE dans le Synclinorium de 
Dinant suggerent une position stratigraphique intermediaire entre les 
florizones PLs 1 et TE. Ceci est en accord avec la distribution des 
faunes a Cephalopodes et a Conodontes puisque les florizones PLs2 et 
3 surmontent respectivement la zone a Cymaclymenia euryomphala et 
sont contemporaines de la faune a Imitoceras sp. L'etude biometrique 
de H. lepidophytus conduit cependant a placer la florizone PLs2 de 
l'Honnetal aux niveaux D et E, ce qui est en desaccord avec les obser
vations precedentes puisque ces zones biometriques (D et E) sont plus 
anciennes a l'ouest du Rhin OU elles appartiennent aux florizones PLm-
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PLsl. Cette contradiction apparente nous avait conduit a admettre 
(Streel 1969) une alternative de deux hypotheses de correlation entre 
les facies de part et d'autre du Rhin : la premiere (hyp. A) se basait sur 
la succession des assemblages denommes ici PLsl/PLs2-3/TE ; la 
seconde (hyp. B) se basait sur l'etude biometrique d'H. lepidophytus. 

Sur le bord nord du bassin de Namur, dctfis le Tournaisis, la flori
zone PLs est presente dans le sondage de Tournai (315-325 m) 
en dessous de !'equivalent lithostratigraphique (Mortelmans 1969) 
du Calcaire d'Etroeungt. La faune a Foraminifores n'exclut pas cepen
dant un age plus recent. La liste specifique des spores place, en 
effet, cette partie du sondage dans les florizones PLs2 ou 3, c'est-a
dire dans !'equivalent biostratigraphique des Hangenberg-Schiefer. 

Les correlations par florizones entre les facies bathyaux de l'Honnetal 
et les facies littoraux franco-belges dependent par consequent de la 
position stratigraphique relative des florizones PLs 1 d'une part et PLs2 
et 3 d'autre part. Comme on ne pouvait prejuger de la position reelle 
du niveau d'apparition de Cymaclymenia euryomphala a l'ouest du 
Rhin (puisque les faunes a Cephalopodes plus anciennes n'y ont pas 
ete identifiees), la contemporaneite des florizones PLsl et PLs2-3, 
suggeree par !'analyse biometrique d'H. lepidophytus etait vraisembla
ble. C'est l'hypothese de correlation B que nous avions provisoirement 
adoptee (Streel 1969). Depuis la formulation de cette hypothese cepen
dant, on a publie de nouveaux exemples de superposition de florizones 
riches en Hym. pusillites sensu lato (comme PLs2-3) sur des florizones 
qui contiennent peu ou pas de H. pusillites (comme PLsl). De telle 
sorte que la zonation floristique telle qu'elle est suggeree par la figure 3 
(et qui correspond a l'hypothese A; Streel 1969) nous parait maint'e
nant plus vraisemblable. Nous expliquons plus loin la presence de 
grandes formes de H. lepidophytus dans l'Honnetal a un niveau strati
graphique qui dans l'hypothese A se situe au-dessus des plus petites 
formes d'H. lepidophytus trouvees a l'ouest du Rhin. 

D'autre part, il faut remarquer que !'adoption de cette hypothese A 
pose le probleme de la continuite OU de la non-continuite sedimentaire 
des profils de l'Honnetal au niveau des schistes de Hangenberg, deja 
mise en question par 0. Schindewolf (1937, p. 41 et 42). En effet, 
d'une part !'extinction des faunes a Conodontes costatus se produit pres 
de la base de l' « assise » de Comblain-au-Pont dans l'Ourthe et le 
Hoyoux et immediatement sous les Hangenberg-Schiefer a Oberroding
hausen ; d'autre part, la florizone presente dans ces Hangenberg
Schiefer correspondrait a un niveau stratigraphique equivalent a la 
partie inferieure du Tnlb dans le Synclinorium de Dinant. L'equivalent 
sedimentaire de la plus . grande · partie de l' « assise » de Comblain
au-Pont et d'Etrreungt pourrait des lors etre en lacune dans l'Honnetal. 
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L'existence eventuelle de lacunes partielles au niveau des Hangen
berg-Schiefer est d'ailleurs un ph6nomene frequent dans tout le bassin 
hercynien, plus precisement sur les rides, par exemple a Drewer, a 
Erdbach (Krebs 1966), dans le Harz et aussi en Franconie (Gandl 
1968, Abb. 13), durant le Devonien superieur et le Dinantien plus 
ou moins inferieur. I1 est tres important de remarquer ici que la base 
des Hangenberg-Schiefer dans l'Honnetal meme et dans ses environs 
(Oese) est formee par des schistes noirs, tres fins, se distinguant 
nettement par ce caractere des parties plus hautes des memes Han-

\ • genberg-Schiefer qui sont calcareuses, greseuses et de couleur grisatre
\: verdatre. A Drewer, la partie schisteuse des Hangenberg-Schiefer 
\ consiste exclusivement en schistes noirs. La faune plus riche de 

l\ Drewer, a caracteres paleontologiques un peu plus anciens que ceux 
1 de l'Honnetal, a determine Schindewolf (1937, p. 36) a mettre en 

doute la stricte contemporaneite des deux Hangenberg-Schiefer ; il 
s'est meme demande si le facies des Hangenberg-Schiefer ne commen-
<;ait pas, dans differents endroits, a des niveaux un peu differents. 

Avant de continuer cette idee, il nous semble preferable d'expliquer 
les changements lithologiques et biologiques au niveau des Hangen
berg-Schiefer de l'Honnetal. 

Les couches de l'etage a Gattendorfia (Hangenberg-Kalk OU Gatten
dorfia-Kalk) et les couches de la partie inferieure de l'etage a Wocldu
meria (Wocklumeria-Ka1k ou Wocklumer-Kalk) sont des formations 
identiques au point de vue petrographique, ce sont des calcaires nodu
leux, des « Knollenkalke » ou « Cephalopodenkalke » de la litterature 
allemande, des calcaires a banes minces, plus OU moins irreguliers, 
contenant des Cephalopodes ; quelques fois les nodules calcareux se 
trouvent dans une matrice plus marneuse. Les couches de la partie 
superieure de la zone a Wocklwneria, les Hangenberg-Schiefer, sont des 
formations verdatre-grisatre a banes minces, a grain fin, a contenu 
variable de gres et de calcaire. Les 50 cm les plus bas des Hangenberg
Schiefer consistent dans l'Honnetal et ses environs en schistes noirs fins. 
La limite inferieure des couches noires est tres nette ; vers le haut, la 
transition aux schistes verdatres est breve. 

Done, une unite argilo-greso-calcareuse dont les couches de base 
sont noires et fines, les Hangenberg-Schiefer, s'intercalent entre deux 
successions de calcaire noduleux, le Wocklumeria-Kalk et le Gatten
dorfia-Kalk. 

Ce double changement net de la composition petrographique traduit
il un changement du biofacies a la suite duquel on observe ces limites 
tranchees dans la biostratigraphie ? Dans la megafaune, le fossile le 
plus abondant, au moins dans les deux unites inferieures (Wocklum-
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Kalk et Hangenberg-Schiefer) est Guerichia venustiformis (Sadykow) ; 
elle se trouve aussi dans le Gattendorfia-Kalk. 

A la suite de ces Guerichia, les fossiles les plus nombreux sont, 
dans les trois unites, les Cephalopodes, et parmi eux les Imitoceras 
dans le Hangenberg-Schiefer et le Gattendorfia-Kalk. Les Lamellibran
ches (excepte les Guerichia) et les Gastropodes sont rares dans les trois 
unites ; de meme en est-il des Brachiopodes (Chonetoidea et Atremata). 
Les Trilobites sont nombreux dans les calcaires noduleux mais tres 
rares dans les Hangenberg-Schiefer. On peut deduire de cette analyse 
que le biofacies change relativement peu, malgre les variations nettes 
de la composition petrographique. 

Les couches du Devonien superieur et du Dinantien inferieur de 
Oberrodinghausen se sont deposees sur une « ride-basse » (Tief
Schwelle) dont les sediments caracteristiques sont des calcaires nodu
leux. Les rides-basses (Rabien 1956, p. 65) etaient situees dans 
la region bathyale. Les calcaires a Cephalopodes permettent de 
reconnaitre par leur texture et par la situation des organismes fossiles 
dans le sediment une influence des courants marins de profondeur 
un peu plus accentuee que dans les bassins environnants ; elles se 
trouvent neanmoins encore en-dessous du domaine d'action des 
vagues et courants de surface, riche en oxygene, avec son monde 
d'organismes benthoniques (Rabien 1956, p. 65). Sur les rides-basses 
la sedimentation egalise approximativement la subsidence. 

Le noyau des rides-basses est forme par un OU plusieurs recifs 
morts edifies pendant le Givetien et le Frasnien. Pendant le Famen
nien et le Dinantien inferieur ces recifs morts ont ete inclus dans 
une aire OU se formaient les sediments (( bathyaux )) : pour retablir 
l'equilibre sedimentaire, la sedimentation y etait plus lente sur les 
rides que dans les regions en depression environnantes. On peut 
decrire les sediments des rides comme « condenses )) . Il y existe meme 
des lacunes de sedimentation. Ces lacunes peuvent renfermer plus 
OU mo ins tout le Famennien et le Tournaisien ( comme a Erdbach) ; 
plus souvent, la sedimentation etait interrompue pour peu de temps 
(comme a Oberrodinghausen). Quelquefois, il est difficile OU impossible 
de decider s'il y a une OU plusieurs lacunes de sedimentation OU une 
condensation forte des sediments (comme a Drewer). 

Dans les bassins environnants regnait le facies d'eau calme (Still
wasserfazies), interrompu episodiquement par des courants de turbidite 
bourres de sediments. Ces courants venaient des directions nord-ouest, 
ils evitaient les rides OU bien ils etaient pieges par celles-ci. (,' 

Les sediments lies aux courants vaseux dans la partie superieure de f 
la zone a W ocklwneria s'appellent « Hangenberg-Sandstein » et on les (\ 
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connait dans les environs de Oberrodinghausen. Les courants ont ete 
arretes au bord nord de la ride-basse, (150 ill de puissance dans le 
« Seiler Konglomerat » au nord de Iserlohn selon Koch, Leuteritz & 
Ziegler) et ils ont coule autour de la ride (10-15 m de puissance dans 
le bassin). 

De toute evidence, les schistes fins, noirs, a Cymaclymenia euryom
phala qui forment les 50 cm de base des Hangenberg-Schiefer ne sont 
pas d'origine « turbulente ». Ils temoignent vraisemblablement d'une 
sedimentation lente, ils sont un sediment condense. A notre avis, la 
succession (de haut en bas) : 

calcaire noduleux a Gattendorfia 

env. 6 m de schistes calcareux-greseux a Imitoceras 

env. 50 cm de schistes fins et noirs a Cymaclymenia euryom
phala 

calcaire noduleux a w ocklumeria 

s'explique comme suit : 

sedimentation autochtone « normale » (Gattendorfia-Kalk). 
I I interruption de la sedimentation pendant le Tnl a le plus haut 

et//ou une partie inferieure du Tnlb. 

irruption, aux environs, des turbidites type « Hangenberg
Sandstein » liees au « Seiler Konglomerat » ; depot de l'ombre 
des grands courants vaseux sur la partie plus elevee de la ride, 
ou se trouve le profil actuel Oberrodinghausen. 

Inclusion dans le sediment allochtone des fossiles plus OU moins 
autochtones (lmitoceras, Guerichia). Vers le haut normalisation 
des conditions sur la ride dont temoigne une diminution du 
contenu en gres, une rarefaction des spores et un accroissement 
du contenu en calcaire et en fossiles autochtones. 

sedimentation « verticale » lente, formation des schistes noirs 
fins a Cymaclymenia euryomphala. 

I I interruption de la sedimentation pendant la plus grande partie 
du Tnla. 

- sedimentation autochtone « normale » (Wocklumeria-Kalk). 

Les materiaux du Hangenberg-Sandstein sont moins repandus que 
les autres turbidites greseuses du Devonien superieur. Ils sont excep-

~ 
tionnellement grossiers a Iserlohn (Seiler Konglomerat) et y presentent 

r un aspect beaucoup plus frais que toutes les autres turbidites du 

II Devonien superieur connus. De Ia provient, a notre avis, !'existence 
, dans les Hangenberg-Schiefer des Spores, leur grand nombre et la 

V taille relativement grande des debris de tracheides et de cuticules. 
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IV. DISTRIBUTION LATERALE DES SPORES, 
DES FACIES LITTORAUX AUX FACIES BATHYAUX 

La rarete des echantillons schisteux contenant des spores dans les 
facies bathyaux, a l'est du Rhin (18 echantillons seulement sur 223 
echantillons traites) et, plus encore leur localisation stratigraphique 
restreinte aux Hangenberg-Schiefer, posent les problemes de la distri
bution laterale et de la fossilisation des spores dans ces facies. 

Sur la figure 2 sont localises, sur une carte paleogeographique 
(reprise de Paproth 1969) et sur un profil (fait d'apres Rabien 1956), 
les coupes de terrains etudiees dans les differents facies tant a l'ouest 
qu'a l'est du Rhin. 

Les donnees acquises dans les synclinoriums de Namur et de Dinant, 
montrent que la quantite totale ( exprimee en nombre de spores par 
gramme de sediment) des spores distribuees sur le « shelf » decroit 
rapidement lorsque l'on s'eloigne du littoral. Les colonnes reprises 
sur la figure 2 expriment les seules valeurs maximales obtenues dans 
chaque localite. On doit ajouter cependant que le rapport du nombre 
d'echantillons contenant des spores au nombre d'echantillons mace
res decroit lui aussi d'une maniere significative. Ainsi, dans l'Avesnois, 
un tiers seulement des schistes etudies contenait des spores en quantite 
appreciable, contre deux tiers dans la vallee de l'Ourthe. Il est clair 
que, dans l'aire sedimentaire et l'intervalle de temps consideres, la 
quantite de spores distribuees par les courants de surface (courants 
marins essentiellement mais aussi le vent) etait relativement faible au 
niveau du talus continental. Or les echantillons qui contiennent des ~ 
spores dans l'Honnetal et a Stockum, en contiennent paradoxalement /: 
de grandes quantites (43.000 sp/gr. sediment au maximum a Apricke; [/j! 
65.000 sp/gr. sediment au maximum a Stockum). Il est difficile de 
concevoir la captation de telles quantites de spores a partir de courants 
de surface dans une aire sedimentaire aussi eioignee du rivage OU 
les depots s'effectuent typiquement en-dessous du domaine d'action 
de ces courants. Seuls des courants de turbidite exceptionnels sont 
vraisemblablement ici en cause. 

De ce point de vue, il apparait que la rarete generale des spores 
dans les sediments accumules Ia ou les courants de turbidite « nor
maux » viennent ralentir, cadre bien avec les conditions generales du 
bassin etudiees par les auteurs. Einsele (1963) par exemple, considere 
que les materiaux de silt et argile gris deposes durant le Famennien 
dans la region a l'est du Rhin, ont subi une sedimentation interme
diaire, provisoire, dans une region de mer peu profonde OU ils 
auraient perdu leur coloration rouge initiale. Repris ulterieurement 
par les courants de turbidite il se serait depose ensuite, en milieu 
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oxydant, a plus grande profondeur. L'absence generale des spores 
dans les sediments definitivement deposes pourrait s'expliquer autant 
par la faible quantite de matiere organique contenue dans les sedi
ments repris par les courants de turbidite que par les conditions oxy
dantes du milieu de depot definitif. Les photographies 6 et 7 (Pl. 26) 
illustrent les palynofacies propres a ces depots de plus grande profon
deur : mineraux insolubles dans l'acide fluorhydrique, plus ou moins 
abondants avec de tres petits debris opaques et fragments d'algues (?) ; 
cuticules, tracheides et spores, extremement rares. 

En revanche, il est concevable qu'au sommet du Devonien (Han
genberg-Schiefer) des courants de turbidite exceptionnels aient amene 
localement des sediments beaucoup plus riches en matiere organique, 
repris a une aire de sedimentation, a l'origine beaucoup plus proche 
du littoral. Dans cette hypothese, la quantite meme de matiere orga
nique presente dans le sediment, a pu equilibrer !'action destructrice 
d'un milieu de depot eventuellement oxydant. La photographie 8 J 
(Pl. 26) representant le palynofacies typique des Hangenberg-Schiefer 
de l'Honnetal, montre de nombreuses spores et des debris de tracheides 
et de cuticules de grande taille. Ce palynofacies est comparable a ceux 
que l'on isole des sediments proches du littoral (par exemple, les 
figures 11 et 12, Pl. 26). 

Dans le chapitre precedent, nous avons deja mentionne des sedi
ments de telles turbidites exceptionnelles, le « Seiler-Konglomerat » 
affleurant a quelques kilometres de l'Honnetal, au nord d'Iserlohn 
(redecrit par Koch, Leuteritz & Ziegler). Ce « Konglomerat » a amene 
evidemment les materiaux riches en matiere organique de l'Honnetal 
et de Apricke. La localite Stockum se trouve un peu plus eloignee, 
au sud-est. 11 n'est a present pas possible de prouver le rapport pro
bable direct avec les turbidites exceptionnelles de la Seiler/Honnetal. 
Une telle relation directe n'est meme pas necessaire. 11 est concevable 
qu'au sommet du Devonien (Hangenberg-Schiefer) plusieurs courants 
de turbidite exceptionnels soient survenus. 

V. SIGNIFICATION BIOSTRATIGRAPHIQUE 
DES ASSEMBLAGES DE SPORES CONTENDS 
DANS LES HANGENBERG-SCHIEFFER DE L'HONNETAI 

Les courants de turbidite exceptionnels nous paraissant la seule 
explication raisonnable au transport des assemblages de microfossiles 
vegetaux de l'Honnetal, le probieme de la signification stratigraphique 
de ces assemblages est aussitot pose. En effet, si l'on conc;oit bien 
qu'un laps de temps relativement court, a l'echelle gfologique, devait, 
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clans la plupart des cas, separer le depot des sediments sur le « shelf » 

de leur remise en suspension par des courants de turbidite, en revan
che, on ne peut ignorer que ces courants de boue qui s'ecoulent, par 
saccades, ont pu occasionnellement remettre en mouvement des 
epaisseurs variables de sediments sous-jacents. 

II est possible de se faire une idee de l'epaisseur maximale des 
sediments eventuellement remarries en consultant les figures 1 et 3. 
Si l'on examine la figure 3, on constate qu'il n'y a guere d'especes 
de florizones PLi et PLm qui ne soient aussi presentes clans les flori
zones PLs. Mais une redistribution des assemblages de spores PLi ou 
PLm en melange avec un assemblage PLs aurait comme resultat le 
plus apparent de modifier la population d'H. lepidophytus clans le sens 
d'un elargissement de l'intervalle de taille des spores observees. Nous 
crayons que c'est la, !'explication de la presence clans l'Honnetal des 
« zones biometriques » D et E. 

CONCLUSIONS 

Les 5 metres inferieurs des Hangenberg-Schiefer a Oberrodinghau
sen-gare et en general les schistes contenant des spores en abondance 
clans l'Honnetal, peuvent etre interpretes comme des sediments a 
caracteres de turbidites, formes par le melange d'equivalents argilo
silteux de la plus grande partie des couches de Comblain-au-Pont, 
d'Etrreungt et de la partie inferieure du Calcaire d'Hastiere, prove
nant de la plate-forme continentale situee au nord-ouest et de sedi
ments carbonates tres fins provenant de la sedimentation verticale 
locale. La partie etudiee des schistes de Hangenberg deposes a 
Stockum (zone biometrique F) au-dessus de la faune a « Imitoceras » 
representerait seulement !'equivalent de la partie inferieure du Calcaire 
d'Hastiere. 

Cette interpretation a le merite de concilier les zonations de spores 
basees d'une part sur les successions d'assemblages et d'autre part sur 
la biometrie d'II. lepidophytus. Elle rend sans objet !'alternative des 
hypotheses A et B (Streel 1969) rappelee plus haut: l'hypothese A 
nous parait d'autant plus vraisemblable. Elle attire !'attention sur les 
interpretations differentes et complementaires que l'on peut tirer de 
l'etude d'un profil selon que l'on considere la paleoecologie des faunes 
marines OU la « paleodistribut;on » des microfossiles vegetaUX, d'origine 
continentale. 
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U ebersicht der Entwicklung der marinen Horizonte 
Flozfiihrenden Ruhrkarbon und Ausblick auf 

die Verhaltnisse im Aachener Revier 

A. RABITZ 1 

. 
Im 

Mit 1 Abbildung. 

ABSTRACT. 

The coal-measures of the Ruhr District, approximately 3000 m thick, contain 
10 marine bands with goniatites and some 15 bands with Lingulids. Cyclic 
faunal sequences are typically developed, and the composition of a complete 
cycle is given in the German text. Some of the marine bands are known in 
widespread areal development and where sufficient faunal data are avail
able facies maps have been drawn by recording the height of marine trans
gression for any particular point and linking these acmes for a representation 
of facies belts. Four different facies faunas are distinguished, whereby it is 
noted that goniatite and productoid facies can be substituted for each other. 

The coal-measures start with Namurian C, the base of which is taken at 
the Grenzsandstein, a mappable horizon. In the lowest marine band Reticu
loceras dominates, whereas the first Gastrioceras is found sporadically in the 
Cremer Horizon. The goniatites of the Hauptfli:iz Horizon are Gastrioceras 
cancellatum Bisat and Agastrioceras cari11at11m (Frech), together with other spe
cies of the same genera. Because of the lack of continuous sections in the Aachen 
District, a detailed comparison with Namurian C rocks in the Ruhr Distirct 
cannot be made, although individual horizons (e.g. the Hinnebecke Marine Band) 
can be recognised. 

The Westphalian A has its conventional base at the first occurrence of 
Gastrioceras subcrenatum (Frech), which occurs in the Sarnsbank Marine Band. 
A goniatite facies is widespread in this band, and only the south-eastern part 
of the Ruhr District shows its replacement by a productoid facies. In this part 
of the area the Sarnsbank M.B. is separated from the underlying coal seam 
by a larger interval. Similar facies differences are revealed by the maps for 
the Finefrau Nebenbank M.B. in the Ruhr District. Both the Sarnsbank and 
the Finefrau Nebenbank horizons are also known from the Aachen District. 

The base of the upper Westphalian A is drawn in the Ruhr District at the 
Plasshofsbank Horizon, which contains goniatites locally. For a correlation 

1 Geologisches Landesamt Nordrhein-Westfalen, Westwall 124, 415 Krefeld, 
Bundesrepublik Deutschland. 
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with the Aachen District, it is found that the Wasserfall Horizon is more 
useful than Plasshofsbank, since it contains a characteristic and widespread 
assemblage of Lingula, Plano/ites ophthalmoides Jessen, and abundant forami
nifera. 

The base of Westphalian B is at the Katharina Marine Band, which is well 
known in both the Ruhr and Aachen Districts. A goniatite facies is 
observed in the eastern part of the Ruhr District, a Lingula facies in the central 
part, and a practically unfossiliferous facies in the western part. 

The Domina Horizon, at the base of upper Westphalian B, has been record
ed with a Lingula fauna in the central and north-western parts of the Ruhr 
District as well as in the Aachen area. 

The Aegir Marine Band, the conventional base of Westphalian C, is 
developed with a productoid facies in the Ruhr District and in the region of 
Ibbenbiiren. In the Aachen District the Westphalian C has not been preserved. 
No higher marine bands, containing macrofossils, have been recorded in the 
Westphalian C of the Ruhr District. However, in the boring Hoya Z 1, south
east of Bremen, a Lingu/a band was found, which could be the equivalent 
of the Top Marine Band of the East Midlands coalfield in England. 

A further subdivision of the coal-measures in Western Germany is based 
on the occurrence of conglomerates and tonsteins. In the Westphalian C 
measures the presence of Estheria bands has also been used. 

RESUME. 

Les couches contenant des charbons dans le district de la Ruhr, epaisses 
d'environ 3000 m., contiennent 10 niveaux marins avec des Goniatites et quelques 
15 niveaux a Lingules. Les sequences cycliques de faune sont typiquement 
developpees et la composition d'un cycle complet est fournie dans le texte 
allemand. Quelques-uns des niveaux marins sont connus sur une aire tres vaste 
et, la au les donnees faunistiques sont accessibles, des cartes de facies ant 
ete dessinees en enregistrant le developpement maximum des transgressions 
marines pour chaque point particulier et en reliant ces acmes entre eux afin 
de representer les zones isopiques. On distingue quatre facies faunistiques diffe
rents, parmi lesquels on constate que les facies a Goniatites et a Productides 
peuvent se substituer l'un a l'autre. 

Les couches contenant des charbons commencent avec le Namurien C, la 
base duquel est prise au « Grenzsandstein », un horizon cartographiable. Dans 
le niveau marin le plus ancien, les Reticuloceras dominent, tandis que le premier 
Gastrioceras est trouve sporadiquement dans le « Cremer Horizont ». Les Gonia
tites du « Hauptfloz Horizont » sont Gastrioceras cancel/atum Bisat et Agastrio
ceras carinatum (Frech) accompagnes d'autres especes des memes genres. En 
raison du manque de continuite des coupes dans le District d'Aachen, une compa
raison detaillee avec les roches du Namurien C du district de la Ruhr ne 
peut etre faite bien que, cependant, l'on puisse reconna!tre des horizons indi
viduels (par exemple, le « Hinnebecke Horizont ». 

Le Westphalien A a sa base conventionnelle a la premiere apparition de 
Gastrioceras subcrenatum (Frech), qui se manifeste dans le « Sarnsbank Hori-
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zont •. Un facies a Goniatites est tres repandu a ce niveau, et est remplace 
par un facies a Productides dans la seule partie sud-est du district de la Ruhr. 
Dans cette partie, le « Sarnsbank Horizont » est separe de la veine de 
charbon sous-jacente par un intervalle plus grand. Des differences de facies 
similaires sont mises en evidence par les cartes pour le « Finefrau Nebenbank 
Horizont » dans le district de la Ruhr. A la fois le « Sarnsbank Horizont » et le 
« Finefrau Nebenbank Horizont » sont aussi connus dans le district d'Aachen. 

La base du Westphalien A superieur est tracee dans le district de la Ruhr 
au « Plasshofsbank Horizont ., lequel contient localement des Goniatites. Pour 
une correlation avec le district d'Aachen, on a trouve que le « Wasserfall 
Horizo;-it » est plus utile que le « Plasshofsbank » parce qu'il contient un assem
blage caracteristique et tres repandu de Lingula, Planolites ophtha/moides 
et des Foraminiferes abondants. 

La base du Westphalien B est au « Katharina Horizont » qui est bien 
connu a la fois dans les districts de la Ruhr et d'Aachen. Un facies a Gonia
tites est observe dans la partie orientale du district de la Ruhr, un facies a 
Lingula dans la partie centrale, et un facies pratiquement non fossilifere dans 
la partie occidentale. 

Le « Domina Horizont », a la base du Westphalien B superieur, contient une 
faune a Lingu/a dans les parties centrale et nord-occidentale du district de 
la Ruhr aussi bien que dans le district d'Aachen. 

L'« Aegir Horizont », la base conventionnelle du Westphalien C, est 
developpe, avec un facies a Productides dans le district de la Ruhr et dans 
la region d'Ibbenbiiren. Dans le district d'Aachen, le Westphalien C n'est 
pas preserve. Aucun horizon marin plus eleve, contenant des macrofossiles, 
n'a ete trouve dans le Westphalien C du district de la Ruhr. Cependant, dans 
le sondage Hoya Z 1, au Sud-Est de Bremen, un niveau a Lingula a ete 
trouve, qui pourrait etre l'equivalent du • Top Marine Band » dans le bassin 
houiller des East Midlands en Angleterre. 

Une subdivision des couches contenant des charbons en Allemagne de 
l'Ouest est basee sur l'apparition de conglomerats et des « tonsteins •. Dans Jes 
couches du Westphalien C, la presence de lits a Estheria a aussi ete utilisee. 

Das etwa 3000 m machtige flozfiihrende Ruhrkarbon (Namur C bis 
Westfal C) enthalt 10 marine Horizonte mit Goniatiten und etwa 15 
mit Linguliden. Die Zahl der marinen Einschaltungen ist im Namur C 
und unteren Westfal A gro13er als im hoheren Westfal. 

Die Machtigkeit der einzelnen marinen Horizonte ist sehr unter
schiedlich. Ein einzelner Horizont besteht haufig aus mehreren Faunen
zyklen und kann bis zu mehreren Dekametern machtig werden. 

In einem vollstandigen Faunenzyklus !Osen folgende Faunengemein
schaften einander ab (vgl. Jessen, Kremp & Michelau 1952, Rabitz 
1966 b) : 
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Planolites ophthalmoides Jessen, Foraminiferen 
Linguliden, Foraminiferen 
Nuculaceen, Schnecken, Mollusken-Kleinformen 
Goniatiten, Pterinopectiniden, 
andere marine Muscheln, Nautiliden bzw. 

Nuculaceen, Schneck~n, Mollusken-Kleinformen 
Linguliden, Foraminiferen 

Planolites ophthalmoides, Foraminiferen. 

Productoideen, 
(Crinoiden) 

Diese Darstellung ist. schematisiert, meistens fehlen einzelne Glieder 
in dieser Reihe. 

Flir die einzelnen marinen Horizonte gelangt man auf folgendem 
Weg zu Fazieskarten: Ftir jeden Beobachtungspunkt wird - nach der 
Skala des Faunenzyklus - die Faunengemeinschaft mit der hOch
sten Marinitat eingetragen. Es lassen sich dann Gebiete unterscheiden, 
in denen verschiedene Grade der Marinitat erreicht werden. Zu ihrer 
Charakterisierung dienen folgende Faziestypen (vgl Rabitz 1966 b) : 

1) Ophthalmoides-Fazies, 
2) Lingula-Fazies, 
3) Nuculaceen-Fazies, 
4a) Goniatiten-Fazies bzw. - 4b) Productoideen-Fazies. 

Die Untergrenze des produktiven Karbons wird an die Basis des 
Grenzsandsteins gelegt, der im stidlichen Ruhrrevier morphologisch 
als Hohenrlicken gegentiber den Schiefertonen des Flozleeren hervortritt 
(Abb. 1). Der alteste marine Horizont im Namur C, den Sprockhoveler 
Schichten, ist der nur selten aufgeschlossene Bernhardt.:.Horizont. Er 
ftihrt Reticuloceras superbilingue Bisat, also Fauna des FlOzleeren. 
Die ersten noch seltenen Gastrioceren wies Patteisky (1959) im Cremer
Horizont nach, R. superbilingue herrscht hier noch vor. Das verhaltnis
maBig haufige Vorkommen taxodonter Muscheln der Gattungen 
Anthraconeilo und Polidevcia ist ftir den Besserdich-Horizont und vor 
allem ftir den Hinnebecke-Horizont charakteristisch (Schlomer 1967). 
Im Hinnebecke-Horizont kommt Gastrioceras sigma Wright vereinzelt 
vor. Die Goniatitenfauna des Hauptfloz-Horizontes enthalt nunmehr 
nur noch die Gattungen Gastrioceras und Agastrioceras (Patteisky 
1959, Michelau 1966-67). G. cancellatum Bisat und A. carinatum 
(Frech) sind recht haufig. Toneisensteinknollen lieferten korperlich 
erhaltene Formen mit Querschnittsbildern. Die jtingste marine Ein
schaltung des Namur C ist der Schieferbank-Horizont mit haufigem 
Auftreten. von G. crenulatum Bisat und G. cumbriense Bisat. 
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Eine Parallelisierung der Sprockhoveler Schnichten des Ruhrkarbons 
mit dem Namur C des Aachener Reviers, einem Teil der Stalberger 
Schichten, ist im einzelnen bisher nicht moglich. Die wenigen tektonisch 
stark gestorten Aufschli.isse im Inde- und Wurm-Gebiet haben bislang 
kein zusammenhangendes Schichtenprofil ergeben (Herbst 1963). 
Jedoch sind einzelne Horizonte (z.B. Hinnebecke-Horizont) <lurch ent
sprechende Fossilfunde belegt (Bouckaert & Herbst 1960). 

Der Horizont mit Gastrioceras subcrenatum (Frech), der auf den 
Heerlener Kongressen 1927 und 1935 als Basis des Westfal vereinbart 
wurde, liegt im Ruhrrevier i.iber Floz Sarnsbank (Abb. 1). Er ist im 
Westen und in der Mitte als Goniatiten-Schicht entwickelt und be
ginnt einige cm oder nur wenige Meter i.iber dem FlOz Sarnsbank. 
Im Si.idosten tritt das Band mit der starksten marinen Fauna in 35-
40 m Abstand vom FlOz auf und fiihrt auch Productiden (Boger 1966). 
Das untere W estf al A, die Wittener Schichten, enthalten ferner mehrere 
Lingula-Niveaus sowie den Finefrau-Nebenbank-Horizont mit Gastrio
ceras listeri (Sowerby), G. circumnodosum Foord und G. weristerense 
Demanet (H. Dahm 1966). Dieser Horizont zeigt eine ahnliche Fazies
differenzierung wie der Sarnsbank-Horizont : Im westlichen und mitt
leren Ruhrrevier liegen die marinen Schichten dicht i.iber dem Floz und 
sind reich an Goniatiten. Im Osten und Si.idosten findet man dagegen 
in floznahen Schichten nur Linguliden und Planolites ophthalmoides, 
in hoheren Faunenbandern auch Productiden. 

Im Aachener Revier sind der Sarnsbank- und der Finefrau-Horizont 
gut belegt (Hartung 1966). Ebenfalls lassen sich die marinen Niveaus 
der Girondelle-Gruppe in ihrer Gesamtheit wiederfinden (Herbst 1956). 

Die Grenze zwischen unterem und oberem Westfal A, zwischen den 
Wittener und Bochumer Schichten, wird im Ruhrrevier an die Basis 
des marinen PlaBhofsbank-Horizontes gelegt (Abb. 1). In ihm ist hoch
marine Fauna mit Gastrioceras amaliae H. Schmidt nur ortlich 
nachgewiesen warden. Stellenweise ist der Horizont als Augenschiefer 
entwickelt oder - wie z.B. im Aachener Revier - nicht sicher nach
weisbar. Von den anderen marinen Einschaltungen in den Bochumer 
Schichten ist vor allem der Wasserfall-Horizont von groBerer Bedeu
tung, weil er sowohl im Ruhrrevier als auch im Aachener Revier als 
Lingula- oder Augenschiefer-Schicht zu verfolgen ist (Hahne 1932). 
Im Osten des Ruhrreviers fi.ihrt er ortlich Productiden. 

Mit dem marinen Horizont i.iber Floz Katharina IaBt man - nach 
Vereinbarung auf dem 1. Heerlener KongreB 1928 - das W estf al B 
beginnen (Abb. 1). Das Leitfossil Gastrioceras catharinae H. Schmidt 
ist sehr selten, Anthracoceras vanderbeckei (Ludwig) tritt dagegen 
haufig auf. Im Ruhrrevier zeigt der Katharina-Horizont eine 
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deutliche Differenzierung in Goniatiten-Fazies im Osten, Lingula-Fazies 
in der Mittel und fossilarmer oder fossilfreier Fazies im Westen (Rabitz 
1966 a). Im Aachener Revier ist er sicher durch Linguliden und 0rtlich 
auch durch marine Mollusken (Herbst 1962, Vangerow 1966) nach
gewiesen. 

Die Grenze zwischen Essener und Horster Schichten, das Domina
Niveau, ist im Ruhr- mid Aachener Bezirk vorwiegend als Lingula
Schicht entwickelt (Abb. l). 

Der artenreichste marine Horizont des Ruhrkarbons liegt iiber Floz 
Agir und dient seit den Heerlener Beschli.issen von 1927 als Grenze 
zwischen Westfal B und Westfal C, den Horster und Dorstener Schich
ten (Abb. 1). Das Leitfossil ist Anthracoceras aegiranum H. Schmidt. 
Der .Agir-Horizont ist als einziger mariner Horizont des Ruhrreviers 
i.iberall in Productiden-Fazies entwickelt (Fiebig 1966) und bildet eine 
wichtige Leitschicht fiir den AnschluB des Osnabriicker Karbons. Im 
Aachener Revier reichen die Aufschli.isse nicht bis ins Niveau von 
Floz .Agir. Fri.ihere Aufschliisse aus dem benachbarten niederlandi
schen Kohlenrevier zeigten den .Agir-Horizont in ahnlicher Entwicklung 
wie im Ruhrrevier. 

Im Westfal C des Ruhrkarbons sind auBer dem .Agir-Horizont keine 
weiteren marinen Horizonte bekannt. Als faunistische Leitschichten 
haben sich zwei Estherien-Horizonte in der Kobold- und Midgard
Flozgruppe erwiesen. Foraminiferen-Lagen kommen im gesamten 
Ruhrkarbon vom Namur C bis zum Westfal C einschlieBlich vor. Im 
hoheren Westfal C Norddeutschlands ist eine Lingula-Schicht aus der 
ErdOlbohrung Hoya Zl siidostlich von Bremen bekannt geworden 
(Hecht, Hering, Knobloch, Kubella & Riihl 1962). Sie wird mit dem 
Top Marine Band Englands verglichen. 

Fiir die feinere Untergliederung des nordwestdeutschen Oberkarbons 
eignen sich vor allem petrographische Leitschichten wie Kaolin-Kohlen
tonsteine und Konglomerate (Abb. 1). Mit der Abnahme der marinen 
Einschaltungen im oberen Westfal A ist ein verstlirktes Auftreten von 
Tonsteinen zu beobachten (Burger, Eckhardt & Stadler 1962). 

Uber Nordwestdeutschland hinaus bilden vor allem die marinen 
Horizonte eine Basis fiir den Schichtenvergleich mit anderen paralischen 
Karbonrevieren Europas. 

Abb. 1. - Schematischer Schichtenschnitt des flozfiihrenden Ruhrkarbo::s mit 
Leitschichten. 

Zusammengestellt nach verschiedenen Unterlagen, bes. van Oberste-Brink & 
Bartling (1930) und Fiebig (1967). 
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DISCUSSION 

T. N. George (question) : (1) Could Dr. Rabitz comment on the degree 
of marine influence indicated by such benthonic organims as spirifers, 
crinoids, and (if he has found them) corals, in relation to the distribution 
and relative abundance of goniatites ? 

(2) What correlation had Dr. Rabitz found between the degree of devel
opment of the marine bands, in terms of fossil phases, and the thickness 
of the associated coal measures ? 

A. Rabitz (reply) : Only in the Aegir Marine Band there are different 
groups of brachiopods ; in the other marine bands they are either not so 
common or absent. Corals are not known from the Ruhr coal measures, 
and only one specimen of a coral has been described from the Aegir 
Marine Band in Belgium. Crinoids are sporadically found in the Namur
ian C and Lower Westphalian A. Relatively more frequent crinoids, 
including some calices, are encountered in the Aegir Marine Band (see 
Fiebig 1966). The brachiopod facies is often found in somewhat ankeritic 
shales which are occasionally sandy. The goniatite facies appears often in 
relation to pyritic shales. The facies relationships between a marine 
horizon and its under-and overlying sediments are only known as yet for 
the Katharina Marine Band. It has been shown that these sediments are 
thicker where the marine band has its maximum development. 

E. Paproth (in addition to A. Rabitz's reply to T.N. George) : Wir 
glauben nicht, dass sich Brachiopoden und Goniatiten in den marinen 
Horizonten im Grad ihrer Marinitiit unterscheiden, sondern in erster Linie 
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durch ihre Lebensweise : die Brachiopoden lebten benthonisch, die Gonia
titen nektonisch. Die Brachiopoden, Productoideen, sind oft an mehr sandi
ge und kalkige Sedimente gebunden. Der kalkige Einfluss kam von Westen 
und nimmt von Belgien iiber Aachen zum Ruhr-Gebiet ab. Spiriferen sind 
extrem selten und wir ki:innen vom Ruhr-Gebiet aus nicht sicher beurteilen, 
ob sie in den marinen Horizonten eine in erster Linie vom Salinitatsgrad 
abhangige Fazies anzeigen. 

D. Meise/mer (comment) : Some additions to my 1967 paper to the 
Carboniferous Congress are : (1) Conodont faunas are found within the 
goniatite horizons ; being the most rich, both in specimens and species, 
where they occur together with those goniatite faunas which show all 
growth stages preserved together. The conodonts show a normal evolu
tionary continuation of the pelagic type assemblages which are found in 
the Kulm facies of the Lower Carboniferous. (2) The conodont stratigraphy, 
as worked out for the Ruhr Coal Measures, has recently been adopted by 
the Marburg University group working on the island of Chios (Greece). 
Quite similar faunas were found there. The same conodont species have 
been found in Iran. 

M.A. Calver (comment) : The facies distribution illustrated so clearly 
by Dr. Rabitz for the Ruhr district can be matched in the major coalfield 
aeras of Britain. For example, in the Pennine Basin there is a transition 
-snorewards from the goniatite/ pectinoid faunas of the central part of the 
basin towards benthonic assemblages characterized by either Myalina or 
calcareous brachiopods, and thence to Lingula facies in the marginal 
areas. In the marine bands of the Middle Coal Measures the occurrence of 
calcareous brachiopods appears to be particularly related to the margins 
of the land masses such as the Wales/Brabant Island and that lying north
west of the Scottish Midland Valley (see Calver 1968, 1969). 

D. Meischner (question posed to M.A. Calver) : Are the pectinoids you 
mentioned of vagile benthonic type or are they pseudoplanktonic ? The 
latter seems to be more probable, because the area of distribution of pecti
noids generally exceeds that of the goniatites towards the margin of the 
basin. Pseudoplanktonic mussels of Carboniferous age should not be listed 
as « pectinoids ». 

M.A. Calver (reply) : In my reference to pectinoids when speaking of 
the goniatite/pectinoid facies, I included Dunbarella (Pterinopecten), Posi
donia and Caneyella. I have considered Dunbarella to be a vagrant-benthon
ic or pseudo-nektonic form, and possibly this mode of life also applied to 
Posidonia. Examples of Caneyella have been found showing evidence of 
byssal attachment to wood or floating debris, so the latter bivalve should 
perhaps more correctly be considered as pseudoplanktonic as Dr. Meischner 
suggests, and may not be a true pectinoid. However, it is Dunbarella which 
has the widest geographical distribution by comparison with either Posidonia 
or Caneyella as it extends into the near-shore facies where goniatites are 
usually absent. 
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W.P. van Leckwijck (question) : Does the sketch you showed for the 
progressive and regressive hemicycles in marine bands show them to be 
as of equal length, and do they correspond to the average in Germany ? 
In Belgium the progressive hemicycle is always much shorter than the 
regressive hemicycle, and is often completely lacking ; goniatites and pecti
noids are found immediately overlying the coal seam. 

A. Rabitz (reply) : The figure is only diagrammatic. In Germany we have 
noticed a number of cases where a goniatite facies is developed immediately 
above a coal seam. This means that the fauna! cycle is often not symmetric
ally developed. 

W. H. C. Ramsbotton (question) : In the high Namurian marine bands 
of the Pennine area of England the bands with goniatite-pectinoid fauna 
in the centre of the basin are thin (1 ft.), whereas in the same bands near 
shorelines, where calcareous brachiopods occur, the thickness may be as 
much as four feet. Are similar thickness variations found in the Ruhr 
District? 

A. Rabitz (reply) : There is as yet no evidence from the Namurian. In 
the Sarnsbank and Finefrau-Nebenbank Marine Horizons it is possible 
that similar thickness changes do occur, but these have not yet been 
proved. 
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Palynology of the Lower Limestone Shale Group 
(Basal Carboniferous Limestone series) and Portishead 
Beds (Upper Old Red Sandstone) of the Avon Gorge, 

Bristol, England 

J. UTTING 1 & R. NEVES 1 

With 1 text-figure and plates 27-28. 

ABSTRACT. 

Three distinctive miospore assemblages are described from Devonian/Carbon
iferous transition measures in the Avon Gorge, Bristol. Twenty-five samples 
were investigated from a sequence ca. 245 ft. thick (text-fig. 1), including the 
Upper Portishead Beds, the Shirehampton Beds, and the lower part of the 
Lower Limestone Shales. Stratigraphically most important is the assemblage 
from the upper Portishead Beds, containing Hymenozonotriletes lepidophytus, 
H. famenensis, Hystricosporites sp. and ? Ancyrospora capillata. This assem
blage does not occur in the Shirehampton Beds, which, on comparison with 
the Belgian miospore assemblages (Streel 1966), are considered to be younger 
than the lower part of Tn lb a. 

A plant bed at the base of the Shirehampton Beds contains abundant 
Rhacophyton sp., a genus not noted before from the British Isles. 

RESUME. 

Trois associations bien caracterisees de miospores ont ete relevees dans 
Jes couches de transition entre le Devonien et le Carbonifere dans la gorge 
de !'Avon River a Bristol. Vingt-cinq echantillons furent etudies dans une 
sequences de 80 metres environ (fig. 1) qui comprend Jes formations 
suivantes : Portishead Beds (sa partie superieure), Shirehampton Beds, et Lower 
Limestone Shales (sa partie inferieure). L'association de spores obtenue des 
Portishead Beds s'est revelee la plus importante au point de vue stratigraphique. 
Elle contient, notamment : Hymenozonotriletes lepidophytus, H. famenensis, 
Hystricosporites sp. et ? Ancyrospora capillata. Cette association n'est plus repre-

1 Department of Geology, The University, St. George's Square, Sheffield 
1, England. 

411 



sentee au niveau des Shirehampton Beds qui devront done etre consideres 
comme !'equivalent du Tn lb a. A la base des Shirehampton Beds nous avons 
trouve un bane riche en Rhacophyton, une plante qui n'etait pas encore connue 
du Devono-Carbonifere des Iles Britanniques. 

I. INTRODUCTION 

The Lower Limestone Shales of the Avon Gorge, Bristol, were 
selected by Vaughan (1905), as representing the basal measures of the 
Avonian (equivalent to the Dinantian in Belgium) in the type section. 
The shales constitute a transition sequence between the terrestrial dep
osits of the Old Red Sandstone and the marine limestone of the Avon
ian Zaphrentis Zone. They were ascribed by Vaughan to the Cleisto
pora or the K Zone, which was further subdivided into the Km (Modio
la lata phase) below, and the K 1 and K 2 subzones above. The division 
between K m and K 1 was placed at the top of a partially hematised 
crinoidal limestone (approx. 21 ft. thick), the so called Bryozoa Bed. 
Immediately below the Bryozoa Bed, the measures are essentially grey 
calcereous shales with occasional limestone intercalations, but towards 
the base, grits, sandstones and reddish brown siltstones become increas
ingly important. More recently, the divisions suggested by Vaughan 
have been reviewed by Kellaway & Welch (1955), who divided the 
Lower Limestone Shale Group into two lithological units termed the 
Shirehampton Beds and the Lower Limestone Shales. The Shirehamp
ton Beds are underlain by the Portishead Beds of the Upper Old Red 
Sandstone, which in this region is essentially terrestrial and comprises 
red, grey and green mudstones and siltstones as well as cross bedded 
felspathic sandstones and conglomerates. The Upper Old Red Sand
stone is largely unfossiliferous, but plant and fish beds do occur in the 
upper part, although these provide little evidence concerning the age of 
the beds. The Shirehampton Beds, which represent the transition meas
ures from terrestrial Portishead Beds to the marine Lower Limestone 
Shales, are generally equivalent to the Km subzone of Vaughan (1905, 
p. 188). They comprise a varied lithology of dark grey calcareous shales 
with thin grey limestone intercalations, but towards the top of the unit, 
red crinoidal limestones predominate. The basal beds are red, brown and 
green siltstones with green, grey sandstones. They include a plant bed 
with abundant Rhacophyton sp., hereafter called the Rhacophyton Bed. 
The overlying Lower Limestone Shales comprise dark grey-green 
shales with thin crinoidal limestones and contain a fauna of brachiopods, 
ostracods and trilobites. Tentative correlations of the Lower Limestone 
Shales with basal Carboniferous rocks of the European mainland have 
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been suggested by various workers; for example Vaughan (1915), 
Paul (1937), George (1952), Kellaway & Welch (1955), Demanet 
(1958). Unfortunately, definite correlation is difficult, because most 
of the faunal elements present in the Lower Limestone Shales are 
either long ranging species or have a local distribution. The latter is 
related to rapid lateral lithofacies changes associated with the marine 
transgression. On the basis of trilobite evidence, however, Goldring 
(1958) suggested that the Lower Limestone Shales (sensu Kellaway 
& Welch 1955) of the Bristol region should be equated with the Has
tiere Limestone (Tnlb) and the peracuta Shales (Tn2a) of Belgium. 

For this study, both the Shirehampton and the Portishead Beds 
were investigated. Samples were obtained from the Leigh Woods side 
of the Avon Gorge section (Grid. Ref. 55.5/74.5) over an interval of 
approx. 240 ft. below the top of the Bryozoa Bed (see Fig. 1). In 
addition, one sample from the Lower Limestone Shales immediately 
above the Bryozoa Bed was examined. 

The samples were macerated by the use of standard techniques 
involving initial treatment with dilute hydrochloric acid and 40 per cent 
hydrofluoric acid, followed by oxidation with fuming nitric acid. Of 
25 samples collected, 14 contained abundant spores, 8 contained car
bonised woody tissue only and 3 yielded occasional spores. Other 
microfossils such as acritarchs, megaspore fragments and scolecodonts 
were noted in some of the preparations from the upper part of the 
Shirehampton Beds. 

II. PREVIOUS PALYNOLOGICAL WORK CONCERNING THE 
DEVONIAN/CARBONIFEROUS BOUNDARY 

Recent work by Streel (1966, 1967) and Bouckaert, Streel & Thorez 
(1968), concerning the Devonian/Carboniferous boundary in the 
Dinant Basin of Belgium, has indicated that the appearance and sub
sequent disappearance of the key species Hymenozonotriletes lepido
phytus Kedo is of considerable stratigraphic importance. The species 
first appears at the top of the Famennian in Fa 2d ; it reaches its maxi
mum frequency in the upper part of Tn 1 a, but dies out in the lower 
part of Tn 1 b. On the basis of biometrical and morphological changes 
within this key species, Streel (1966) recognised seven detailed regional 
palynological zones. Using these zones, he has recently suggested 
(Streel 1969) a correlation of the base of the Hangenberg Schiefer 
(Rhenish succession) with the base of Tn 1 a. These findings by Streel 
have put a new complexion on much of the work done by previous 
writers, as in many cases the stratigraphic importance of the key species 
Hymenozonotriletes lepidophytus was not apparent. 
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One of the first workers to study the palynology of measures at the 
Devonian/Carboniferous boundary was Kedo (1957, 1962, 1963). She 
worked with material from the Upper Devonian and Lower Carbonif
erous deposits of the Pripyat Depression, Byelorussia. Kedo erected 
a number of palynological zones for the Famennian and Tournaisian 
sediments, and divided the former into two horizons and the latter into 
eight. The highest Famennian assemblage from the Ozersko-Kovanski 
horizon, she divided into three zones. The lowest zone was dominated 
by simple, small laevigate, and simple cingulate spores : the middle zone 
was characterised by Hymenozonotriletes lepidophytus Kedo, and the 
upper zone contained H. lepidophytus var. minor Kedo. The basal 
horizon of the overlying Tournaisian comprised the Malevka horizon, 
which was also divided into three zones. In Malevka zone 1, Vallatispo
rites (Hymenozotriletes) pusillites (Kedo) Dolby & Neves, suddenly 
appeared along with H. lepidophytus var. tener Kedo. In the Malevka 
zone 2, the assemblage is dominated by forms such as Archaeozono
triletes malevkensis Naumova, Lophozonotriletes malevkensis Naum., in 
Kedo 1963 and Hymenozonotriletes hyalinus var. tournensis (Naum.) 
Kedo. Both Vallatisporites pusillites Kedo and H. lepidophytus var. 
tener are absent. Malevka zone 3 is characterised by Acanthotriletes 
sphaerites Kedo, Lophotriletes rotundus Naumova, Hymenozonotriletes 
macrosetus Kedo, H. rugosiusculus Jushko in Kedo 1963, H. explana
tus (Luber) Kedo, Archaeozonotriletes malevkensis, A. literatus (Waltz) 
Naum. in Kedo 1963, Lophozonotriletes rarituberculatus Kedo and L. 
malevkensis. In this zone characteristic Devonian forms are absent. 

Bharadwaj & Venkatachala (1961) described spore assemblages 
from the Lower Carboniferous Shale of Spitsbergen and suggested 
recognition of an « Index-Spore-Association » from rocks of Lower 
Carboniferous age. Convolutispora, Cincturaspora, Labiadensites, Tri
partites and Rotaspora were considered especially important. Similar 
spores to H. lepidophytus were described by Winslow (1962) from the 
Devonian/Mississippian transition measures of Ohio. For example, 
Endosporites lacunosus of Winslow was considered by Owens & Streel 
(1967), to be part of the H. lepidophytus complex. Another important 
species, V. pusillites was recognised by Owens & Streel as being repre
sented by Winslow's Lycospora sp. A. Balme & Hassell (1962) reco!ded 
a further representative of the H. lepidophytus complex in the form of 
Leiozonotriletes naumovae Balme & Hassell from the Famennian 
succession in the Canning Basin of W. Australia. 

Wray (1964) also noted forms similar to H. lepidophytus in the 
Upper Devonian of Libya. 

Assemblages described by Playford (1964) from the Mississippian 
Horton Group of Eastern Canada, did not contain H. lepidophytus. 
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The Group is divided into a lower Horton Bluff Formation and an 
upper Cheverie Formation. The former contained abundant Vallatispo
rites species and Lycospora torulosa Hacquebard. These were absent 
in the latter which was characterised by Pustulatisporites pretiosus 
Playford. In the Lower Carboniferous of Spitsbergen H. lepidophytus 
was not recorded by Playford (1964). He noted two distinct miospore 
associations, the first of which was termed the rarituberculatus assem
blage, of presumed Tournaisian age, and the second the aurita 
assemblage, of probable Visean age. 

The assemblage described by Sullivan (1964) from the Lower Lime
stone Shales of the Forest of Dean, England, showed a dominance of 
circular trilete laevigate spores, especially Punctatisporites irrasus 
Hacquebard and Retusotriletes incohatus Sullivan. He considered the 
assemblage to show both Devonian and Carboniferous characteristics. 
H. lepidophytus was not recorded, however. 

In a study of the Upper Famennian of Bashkiria, Chibrikova (1966) 
noted the presence of H. lepidophytus. 

A general review of the significance of H. lepidophytus and its rela
tion to the Devonian/Carboniferous boundary was published by Owens 
& Streel (1966). 

Neves & Dolby (1967) recorded an assemblage from the Lower 
Limestone Shales of Burrington Combe in the Mendip Hills, England, 
similar to that described by Sullivan (1964) from the Forest of Dean. 
They also gave the first record in this country of H. lepidophytus from 
the underlying Portishead Beds of the Old Red Sandstone. The result 
of a biometric analysis of the H. lepidophytus population indicated a 
probable equivalence with Tn la for the upper part of the Portishead 
Beds, although more recent work by Dolby & Neves (in press) suggested 
that the age should be amended to Tn 1 b. 

Sullivan (1968) described an assemblage of spores from the Cement
stone Group of Ayrshire, which he considered to be of Tournaisian 
age. The assemblage, which was dominated by species of Punctatispo
rites contained a total of 22 species of which Sullivan considered 8 to 
be restricted to the Tournaisian. H. lepidophytus was not recorded. 

III. MIOSPORE ASSEMBLAGES 

The section investigated is shown on text-fig. 1. Samples were 
collected from the lower part of the Lower Limestone Shales, the 
Shirehampton Beds and the upper part of the Portishead Beds. Three 
main assemblages were recognised from these samples. 
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3. Varied assemblage containing typical Devonian forms. H. lepido
phytus is present, but Vallatisporites pusillites is absent. 

2. Intermediate assemblage of limited diversity, dominated by simple 
trilete forms. Absence of V. pusillites and H. lepidophytus. 

1. Varied assemblage, but dominated by simple trilete spores. Absence 
of V. pusillites and H. lepidophytus. 

ASSEMBLAGE 1. Similar spore floras were recorded from sample 1 
collected 6 ft above the Bryozoa Bed and from samples (2 to 12) 
collected from 0 to 83 ft below the top of the Bryozoa Bed ; i.e. from 
the lower part of the Lower Limestone Shales and from the middle 
and upper parts of the Shirehampton Beds. 

The assemblage includes Acanthotriletes sp., Apiculatisporis cf. ma
crurus (Luber) Potonie & Kremp, Convolutispora sp., Corbulispora cf. 
subalveolaris (Luber) Sullivan, Corystisporites sp., Cristatisporites echi
natus Playford, Dictyotriletes sp., Discernisporites sp. Hacquebard, 
Grandispora echinata Hacquebard, Gulisporites torpidus Playford, 
Knoxisporites literatus (Waltz) Playford, Leiotriletes ornatus Ishchenko, 
Lophozanotriletes malevkensis, Murospora friendii Playford, Perotri
lites perinatus Hughes & Playford, Punctatisporites spp., Raisirickia 
corynoges Sullivan, Retusotriletes incohatus, Secarisporites sp., Spino
zanotriletes uncatus Hacquebard, Stenozonotriletes sp., V errucosispo
rites nitidus Playford. 

Many of these forms were recorded by Sullivan (1964) from the 
Lower Limestone Shales of the Forest of Dean. Sullivan also noted a 
similar dominance of Retusotriletes and Punctatisporites. 

ASSEMBLAGE 2. The intermediate assemblage was found in 
samples 17 and 18 collected from the Rhacophyton Bed. This is approx
imately 102 ft. below the top of the Bryozoa Bed. The assemblage 
from the lower part of the Shirehampton Beds contains some forms 
present in Assemblage 1, but is less varied. The forms recorded are 
Retusotriletes incohatus, Punctatisporites irrasus, Auroraspora sp., 
Corystisporites sp., Knoxisporites literatus, Convolutispora sp., Acan
thotriletes sp. 

ASSEMBLAGE 3. This assemblage occurs approximately 125 ft. 
below the Rhacophyton Bed in the lower part of the Shirehampton 
Beds. The lithology between the Rhacophyton Bed and Assemblage 3 
is predominantly coarse pebbly sandstone with occasional red, brown 
siltstone intercalations. Samples 22-24 were collected 230 ft - 234 ft 
below the top of the Bryozoa Bed from a dark grey sandy siltstone 
lithology. Spores were found in samples 22 and 24, and both the 
samples were similar qualitatively, although they vary quantitatively. No 
spores were found in sample 23. Sample 22 contained : Anapiculatispo-
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rites ampullaceus (Hacquebard) Playford, ? Ancyrospora capillata 
Dolby & Neves, Auroraspora macra Sullivan, Convolutispora sp., H. 
famenensis, Hymenozonotriletes lepidophytus, Hystricosporites sp., 
Knoxisporites literatus, Punctatisporites irrasus, P. viriosus Hacque
bard, Pustulatisporites gibberosus (Hacquebard) Playford, Raistrickia · 
clavata Hacquebard, Retusotriletes incohatus, Rhabdosporites cf. langi 
(Eisenack) Richardson, V errucosisporites spp. 

Sample 24 contained: ? Ancyrospora capillata, Auroraspora macra, 
Auroraspora sp., Convolutispora spp., Corbulispora cf. cancellata 
(Waltz) Bharadwaj & Venkatachala, Dictyotriletes spp., Discernisporites 
micromanifestus (Hacquebard) Sabry & Neves, Hymenozonotriletes 
lepidophytus, Hystricosporites sp., Knoxisporites literatus, Lophozo
notriletes malevkensis, Punctatisporites irrasus, Raistrickia (Archaeo
triletes) minor (Kedo) Neves & Dolby, Retusotriletes incohatus, 
Stenozonotriletes sp. 

Sample 22 contains simple trilete spores similar to those recorded 
by Hacquebard (1957) and Playford (1964) from the Horton Group 
in Nova Scotia. Major differences are the presence in sample 22 of 
H. lepidophytus, Hystricosporites spp., ? Ancyrospora capillata and 
the absence of Vallatisporites spp. 

Quantitatively, sample 22 is dominated by H. famenensis, whereas 
sample 24 shows a strong Auroraspora/Punctatisporites background. 

The H. lepidophytus forms in both samples are large and possess 
heavy muri ; thus resembling the Leiozonotriletes naumovae forms of 
Balme & Hassell (1962). Unfortunately specimens are not sufficiently 
abundant to permit biometric analysis, but are possibly similar to the 
large forms of H. lepidophytus described by Streel (1966) as occurring 
in spore zones C & D of the Belgian section. 

IV. RHACOPHYTON BED 

A previously unrecorded plant bed was discovered approximately 
102 ft. below the top of the Bryozoa Bed and was found to contain 
numerous well preserved specimens of Rhacophyton sp. (material 
identified by Dr. R.H. Wagner). This genus has not been noted before 
from the British Isles. The stratigraphic position of the Rhacophyton 
Bed is shown on text-fig. 1, which shows the section measured on the 
south bank (Leigh Woods side) of the Avon River, Bristol. The Rhaco
phyton Bed is approximately 3 ft 6 inches thick and consists of 
alternations of greenish, grey mudstones and siltstones. Immediately 
above the bed is a 6 inch thick fine sandy, yellow, grey limestone. 

419 



Immediately below the base of the Rhacophyton Bed, 6 ft. of the 
section has been bricked up and is not accessible. 

Comminuted plant debris is abundant throughout the bed, whereas 
larger plant remains are restricted to a band from 1 ft. to 2 ft. below 
the top of the bed. This band also contains at least two rootlet beds 
approximately half an inch thick, which indicate a definite terrestrial 
environment of deposition for the Rhacophyton Bed. Examples of plant 
specimens are figured; se.e pl. 27, figs 12 and 14 and pl. 28, figs 4 and 
5. Further work, in collaboration with R.H. Wagner, is in progress on 
the collected material, and special attention is being given to the isol
ation of spores from the sporangia. Andrews & Phillips (1968) studying 
the sporangia of a species of Rhacophyton collected from the Upper 
Devonian of West Virginia, isolated spores which resembled Petrotrilites 
conatus Richardson (1960) and P. perinatus Hughes & Playford 1961. 
Their figured specimens are· similar to some rare forms of Auroraspora 
sp. noted in Assemblage 2 described above. 

V. STRATIGRAPHIC CONCLUSIONS 

In the Dinant Basin of Belgium, as discussed by Bouckaert, Streel 
& Thorez (1968), the stated range of H. lepfdophytus is Fa 2d to the 
lower part of Tnl ba.. 

The presence of H. lepidophytus in samples 22 and 24 (230 ft -
240 ft) below the top of the Bryozoa Bed, but the lack of this species 
in all samples .from p to 102 ft. below the top of the Bryozoa Bed 
suggests only an approximate correlation with the Belgian section. 
Unfortunately approximately 125 ft. of mainly coarse elastic sediments 
in which no spores were found, occur above the H. lepidophytus 
samples, so that the horizon where this species dies out is unknown. 
Thus the stratigraphic equivalent to the lower part of Tnlba. of the 
Belgian section presumably occurs above the H. lepidophytus samples, 
but below the Rhacophyton Bed. 

Within the measured section shown in text-fig. 1, important facies 
changes take place, but the spore assemblages are independent of such 
changes. This is illustrated by the fact that Assemblage 2 from the 
terrestrial Rhacophyton Bed of the lower Shirehampton Beds is diffe
rent in many respects from Assemblage 3 of the terrestrial Portishead 
Beds. On the other hand, Assemblage 1 from the marine calcareous 
shales of the upper part of the Shirehampton Beds and the lower part 
of the Lower Limestone Shales showns many similarities to Assem
blage 2. 
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DISCUSSION 

R. L. Austin (comment) : I was pleased to hear that the spore assem
blages suggested a Tn 1 b age for the older Lower Limestone Shales. The 
first appearence of Siplwnodella in this section suggested that the base 
of the Bryozoa Bed was the local base of Tnl b. Goldring's work on the 
tribolites of the Lower Limestone Shales also suggested a similar age. 

J. Utting (reply) : Yes, fauna! evidence presented by Goldring suggested 
a Tn 1 b and Tn 2a age for the Lower Limestone Shales. 
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Miospores from Devonian-Mississippian Boundary, 
Carter County, Oklahoma, U.S.A. 

W. F. von ALMEN 1 

With 2 text-figures and plate 29. 

ABSTRACT. 

Eight selected spores from the upper 25 feet of the Woodford Fm. are 
figured. New taxonomic combinations are proposed for three of these species. 
Their stratigraphical significance for delineating the Devonian-Mississippian 
boundary is discussed. 

RESUME. 

Huit especes selectionnees provenant des 25 pieds superieurs de la Woodford 
Fm. sont figurees. De nouvelles combinaisons taxonomiques sont proposees pour 
trois d'entre elles. Leur interet stratigraphique dans le trace de la limite 
Devonien-Mississippien, est discute. 

Seventeen samples collected from a 333-feet thick section of the 
Woodford Shale were analyzed palynologically as part of a Ph. D. 
dissertation. The formation from which the samples were taken crops 
out in Hickory Creek, E/2, NW/4, Section 27, T2S, RlW, Carter 
County, Oklahoma (Fig. 1). The Woodford Shale is a homogeneous 
dark brown to black, siliceous, fissile to blocky, organic-rich shale 
previously assigned a Devonian, Mississippian, or Devono-Mississip
pian Age. Thirty-three species of miospores were recorded from various 
samples although leiospheres and species of Tasmanites are the most 
abundant palynomorphs present in the sample residues. 

Near shore to marine environments can be illustrated in this homo
geneous formation based on miospore/marine microplankton percen
tage ratios. 

1 Chevron Oil Company, The California Company Division, P. 0. Box 
822, Jackson, Mississippi 39205, U.S.A. 
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Sample residues containing more than 90 % microplankton were 
concluded to have been deposited in a marine rather than a near ~hore 
environment. Very few miospores were identifiable in these assumed 
open marine sediments. 

The upper 25 feet of the Woodford Fm. is characterized by a mio
spore assemblage that contains several species previously reported from 
Mississippian (Tournaisian ; Kinderhookian) and younger strata by 
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STRATIGRAPHIC SECTION, HICKORY CREEK, E 112 NW 1/4 SEC. 27, T.2S.,R.IW., 
CARTER COUNTY, OKLAHOMA SHOWING SAMPLE SEQUENCE. SPORES PRESENTED 
IN THIS RESUME WERE OBTAINED FROM SAMPLES Pb5117 AND Pb5118. 

FIGURE 2 

425 



other authors. The species diagnostic of Mississippian Age strata that 
are present in the upper 25 feet of the Woodford Fm. are Lophozono
triletes dentatus Hughes & Playford 1961, Discernisporites concentricus 
Neves 1958, D. irregularis Neves 1958, Murospora subtera comb. nov. 
(basionym: Zonotriletes subteres Waltz, in Luber & Waltz 1941, p. 23, 
pl. IV, fig. 59), Perotrilites evanidus comb. nov. (basionym : Hymeno
zonotriletes evanidus Kedo 1957, p. 51, fig. 13), Perotrilites luteolus 
comb. nov. (basionym: Archaeozonotriletes luteolus Naumova 1953, 
pp. 128-129, pl. XIX, fig. 6, 7), Perotrilites perinatus Hughes & Play
ford 1961, and Pustulatisporites gibberosus (Hacquebard 1957) 
Playford 1963 ; therefore, based on the presence of these species, the 
upper 25 feet of the Woodford at this exposure is concluded to be 
Mississippian (Tournaisian ; Kinderhookian) in age (Fig. 2). 

The placement of the Devonian-Mississippian boundary within the 
homogeneous Woodford Shale is not unique as Hass & Huddle (1965) 
reported Kinderhookian Age conodonts 211 feet above the base of the 
Woodford Shale in an exposure in Henryhouse Creek, Carter County, 
Oklahoma (Fig. 1) with 10 feet of the formation exposed above the 
sample containing the conodonts and a covered interval of undetermined 
thickness superjacent to the exposure. 

Poorly preserved specimens questionably assignable to miospore 
genera and/or species are present in the middle part of the Woodford 
Shale. The only identifiable miospores are Anapiculatisporites cf. 
ampullacus (Hacquebard 1957) Playford 1963 and Anapiculatispo
rites sp. These two species, plus the poorly preserved specimens, are 
not believed to comprise an assemblage from which a definite age can 
be ascertained. 

The apparent absence of such distinctive miospore species as 
Hymenozonotriletes lepidophytus Kedo 1957, Dicrospora multifurcata 
Winslow 1962, Vallatisporites vallatus Hacquebard 1957 and Lophozo
notriletes rarituberculatus (Luber 1941) Kedo 1957, in the middle and 
upper portions of the Woodford may be the effect of the locus of 
deposition or the lack of foot-by-foot sampling and analysis. Such 
sampling and palynological analyses may reveal the presence of the 
previously cited species at which time they can be utilized to further 
delineate the Devonian-Mississippian boundary and to define the world 
distribution of the Kinderhookian Age Vallatisporites and Lophozono
triletes suites as discussed by Sullivan (1967). 
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An Outline of the Carboniferous Stratigraphy 
of Northwest Spain 

R.H. WAGNER 1 

With 3 text-figures and 1 plate in the text (I). 

ABSTRACT. 

Repeated uplift at the end of the Devonian is followed by condensed succes
sions of Tournaisian, Visean and lower Namurian strata. These are only some 
30 m thick. Later Namurian times are mainly represented by widespread 
carbonate deposits ( « caliza de montafia » ), several hundred metres thick, which 
are linked to a central Cantabrian Block and which pass laterally into a 
terrigenous sequence in the direction of an enveloping Hinterland (text-fig. 2). 
Late Namurian and early Westphalian strata are thinly developed on the 
Block but quite thick (1500 m to 2000 m?) in the adjoining geosynclinal area. 
Low-angle unconformities of local extent indicate repeated movements of 
Block and Hinterland during these times, but the first important folding phase 
is of Westphalian B age (Palentian phase). Its effects are diastrophic in 
northern Palencia and in the Sierra de la Demanda as well as, probably, in 
northern Leon. Large isoclines wth northward directed overthrusts and nappe 
structures were formed at this time in the geosynclinal area but perhaps not 
on the Block. The latter subsided more quickly in Westphalian C and D times 
when several thousand metres of regressive rhythmic units (of marine and 
continental facies) were formed on the Block (e.g. in the central Asturian 
coalfield - see text-fig. 1), whilst more continuous marine deposition pre
vailed in northern Palencia. The Leonian folding phase, of upper Westphalian 
D age, re- and cross-folded earlier, Palentian, structures in parts of northern 
Leon, while producing uplift in northern Palencia and in the Sierra de la 
Demanda. An angular unconformity is associated with this tectonic phase in 
eastern Asturias (prov. Oviedo). Subsequent, post-orogenic deposits (including 
valley fills - plate I) of late Westphalian D, Cantabrian and Stephanian A 
ages are up to ca. 4700 m thick in northern Palencia but much thinner in 
eastern Asturias. These deposits are still to a large extent marine, although 
westwards, in north-eastern Leon, the continental influence is stronger. After 
the Asturian folding phase, of late Stephanian A age, strictly continental 
deposits were formed in a basin which, in Stephanian B times, spread both 

1 Geology Department, The University, St. George's Square, Sheffield 1, 
England. 
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east- and westwards from a low point at Sabero (text-figs. 1, 3) and reached 
the coalfields of Cangas de Narcea and Tineo in early Stephanian C times. 
Some 4000 m of Stephanian B and C strata were deposited altogether. At 
least one more folding phase (possibly two) occurred during the Permian and 
before the area of the Cantabrian Mountains was cratonised in late Permian 
times. Text-figure 3 provides a diagrammatic representation of the main rock 
sequences present in the Cordillera Cantabrica. 

The varied marine faunas occurring in the same sequences as continental 
floras permit long range correlations with North America and Russia on the 
one hand and Northwest Europe on the other. 

RESUME. 

Des soulevements a la fin du Devonien furent suivis d'une sedimentation 
tres condensee d'ages Tournaisien, Viseen et Namurien inferieur qui sont repre
sentes par quelques 30 m seulement. Pendant le Namurien plus recent, un 
fades carbonate s'instaura (calcaire des canons ou « caliza de montafia ») 

sur une aire assez grande correspondant au Bloc Cantabrique au milieu de 
l'aire subsidente cantabro-asturienne. Cette aire se composait d'une terminaison 
geosynclinale avec un avant-pays intermediaire qui pourrait etre interprete 
comme la continuation occidentale des Pyrenees paleozoi"ques (texte-fig. 2). 
Le calcaire des cafions passe lateralement a un fades terrigene vers l'arriere
pays qui entourait l'aire subsidente. II n'y a qu'une representation mince du 
Namurien superieur et du Westphalien inferieur sur le Bloc Cantabrique, tandis 
que ces couches apparaissent plus developpees dans l'aire geosynclinale entou
rant le massif. La presence de discordances peu angulaires dans la sequence 
Namurien superieur - Westphalien inferieur est probablement due a des 
mouvements locaux tantot du Bloc Cantabrique (avant-pays), tantot de l'arriere
pays enveloppant la terminaison geosynclinale. La premiere phase de plisse
ment opera pendant le Westphalien B et s'est revelee fortement diastrophique 
en Palencia septentrionale, dans la Sierra de la Demanda et probablement 
aussi dans le nord de la province de Leon. Cette phase tectonique, appelee 
palentienne, a engendre des grands plis isoclinaux avec des chevauchements 
souvent importants ainsi que des vraies nappes venues du sud, c'est-a-dire de 
l'arriere-pays. II est possible que ce diastrophisme n'ait pas atteint le Bloc 
Cantabrique et que cela n'ait engendre que des mouvements verticaux 
relativement faibles. Ce massif subit une periode d'affaissement important 
pendant le .Westphalien C et D avec un depot d'une serie de plusieurs milliers 
de metres de couches paraliques en rythmes regressifs. Une serie plutot marine, 
non rythmique, se deposa vers l'E-SE, en Palencia. La phase leonienne, d'age 
Westphalien D superieur, modifia les structures palentiennes au Leon nord
oriental en y introduisant des plis croises, tandis qu'elle ne produisit qu'un 
soulevement important en Palencia et dans la Sierra de la Demanda. Cette 
phase tectonique a donne une discordance angulaire aux Asturies orientales, 
mais la valeur de cette discordance n'est pas encore bien connue. Les depots 
post-leoniens commencent avec des remplissages de vallees au Leon nord
oriental (planche I) ou les mouvements les plus importants se manifesterent. lei, 
mais surtout dans le nord de la province de Palencia, on trouve la serie 
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post-Ieonienne la plus complete, comprenant quelques 4700 metres de couches 
marines et paraliques d'ages Westphalien D superieur, Cantabrien et Stepha
nien A, en serie continue. La meme serie est beaucoup mains epaisse aux 
Asturies orientales. Apres la phase asturienne, de plissement partout, se 
deposerent des couches continentales dans une aire d'ennoyage qui s'etendait 
de la region de Sabero (voir texte-fig. 1) vers l'ouest et vers l'est pendant 
!es temps du Stephanien B et du C et qui venait occuper la region de Tineo 
pendant le Stephanien C inferieur. En somme quelques 4000 metres de couches 
stephaniennes B-C furent deposees. Une autre phase de plissement (ou, peut-etre, 
deux) vint agir sur le territoire cantabro-asturien (sauf la region de El Bierzo, 
au Leon), avant que ce territoire flit cratonise pendant le Permien superieur. 
La presence de faunes tres variees (y compris des Fusulinides en abondance) 
dans les series renfermant egalement des flares continentales a permis de 
suggerer des modifications probables a la correlation proposee par des auteurs 
russes entre l'Europe nord-occidentale et la Russie. La figure 3 dans le texte 
illustre la repartition generale des lithofacies representes dans le Carbonifere 
cantabro-asturien. 

INTRODUCTION 

The Carboniferous rocks of Northwest Spain crop out together 
with Lower Palaeozoic strata in an area of ca. 15,000 square kilometres 
in the Cantabrian Mountains (Cordillera Cantabrica) ; a region of moun
tainous country in the provinces of Oviedo (=Asturias), Leon, Palencia 
and Santander. This Cantabric-Asturian area is surrounded on three 
sides by unconformable Mesozoic and Tertiary rocks, whereas to the 
west and southwest a large development of Lower Palaeozoic and 
Precambrian rocks occurs together with Late Palaeozoic intrusives 
(text-fig. 1). There is a direct link with Carboniferous strata in the 
Sierra de la Demanda, a large inlier of Palaeozoic rocks in the 
Mesozoic east of Burgos. It is possible that links also existed with the 
Celtiberian Mountains further east-southeastwards, and with the 
Pyrenees to the east. 

Geological work on the Cordillera Cantabrica commenced in the first 
half of the 19th century, but the main elements of its Carboniferous 
stratigraphy were first published by Barrois (1882). Modifications and 
further refinements to Barrois' scheme were made by Adaro (1914), 
Delepine (1943) and others, but most of the detailed work is of more 
recent date. It is probably true to say that the Carboniferous of North
west Spain is one of the latest studied in western Europe ; with the 
result that the more detailed information has only become available 
very recently. 

The present paper attempts to give a brief summary of the new 
information, with a minimum of detail, but with due regard to out-
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standing problems. It is hoped that this will allow workers in other areas 
to assess rapidly the value of the Carboniferous in Northwest Spain for 
the understanding of chronostratigraphic units of the Carboniferous in 
Europe. 

GENERAL GEOLOGICAL SETTING 

The Palaeozoic sediments in Northwest Spain were deposited in a 
geosynclinal setting. Hinterland areas were situated in the Massif 
Central of France, the Precambrian region of Galicia, and the central 
part of the Iberian Peninsula. The proximity of the French hinterland 
depends on the acceptance or rejection of Mattauer's idea that the 
almost rectilinear northern termination of the landmass of Spain is 
related to a major strike-slip fault in the Bay of Biscay which would 
have displaced the Iberian Peninsula in a westward direction (see Matte 
1968, Fig. 128). This would imply a close proximity in Palaeozoic 
times. The relative position of the Galician and central Iberian hinter
land is not in doubt and the borders of this hinterland are, in fact, 
beautifully marked by the presence of a late Precambrian or early Cam
brian immature detrital formation, mainly arkosic, which is known as 
the «Olio de Sapo » Formation (Parga, Matte & Capdevila 1964). 
It shows the enveloping nature of this hinterland which limits the area 
of subsidence on the western and southern sides. Lotze's (1961) work 
on the Cambrian of Spain has shown that maximum subsidence took 
place in the region adjoining the hinterland. Isopachites for Cambrian 
and Arenig deposits show a lens of up to 10,000 m in an area which 
follows the arcuate outline of the hinterland (Matte 1968, Fig. 126). 
Away from the hinterland the Lower Palaeozoic deposits thin markedly 
towards an area which acted as a tectonic foreland in later times and 
which received partly calcareous sediments in a less continuous succes
sion. This area, named the Cantabrian Block by Radig (1962), formed 
generally part of the subsiding area of sedimentation but subsided more 
slowly and, from time to time, became uplifted and a source of sedi
ments. The Cantabrian Block shows the characteristics of an inter
mediate foreland between geosynclines (sensu Aubouin 1961, 1965), 
and the general configuration of Palaeozoic rocks in Northwest Spain 
indicates the longitudinal termination of a geosynclinal complex with 
the Cantabrian Block forming the western spur of a foreland shared 
between geosynclines to the north and to the south (text-fig. 2). It is 
tempting to consider the Cantabrian Block as the western termination 
of an intermediate foreland occupying the site of the Palaeozoic Py
renees, but this supposition cannot yet be corroborated by factual data. 
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Fig. 2. - Major palaeogeographic units in the Cantabric-Asturian area of 
N.W. Spain during the Carboniferous. An enveloping hinterland surrounds 
a geosynclinal complex with an intermediate foreland (Cantabrian Block) 
in the middle. This appears to be the western termination of the geosynclines 
north and south of the intermediate foreland which also ends in this area. 
The Cantabrian Block may be the western termination of a larger intermediate 
foreland extending to the Pyrenees, but this is conjectural. The dashed line 
indicates the present-day boundary of Mesozoic and Tertiary strata covering 
the Palaeozoic and obscuring the eastern continuation of the Cantabrian Block. 

Both the Cantabrian Block and the Galaico-Iberian hinterland form 
permanent features of the Palaeozoic history of Northwest Spain. 
The hinterland apparently rose steadily and expanded its area so that 
successive parallel lenses of Cambrian, Ordovician, Silurian and De
vonian deposits show a gradual shift of the area of maximum sedimen
tation away from the hinterland. The foreland (Cantabrian Block) shows 
relatively thin deposits alternating with breaks which are sometimes 
mere stratigraphic gaps (often small and hidden in a sequence of con
densed sedimentation) but which are occasionally represented by hori
zons of active erosion. 

LOWER CARBONIFEROUS AND EARLY NAMURIAN TO 
MOSCOVIAN SEDIMENTARY HISTORY 

Important uplift of the Cantabrian Block took place in late Famen
nian times, with the result that Palaeozoic strata down to Cambrian 
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and Ordovician were stripped from the western end of the block 
(Comte 1938, 1959). Sandstones passing upwards into limestones, 
corresponding to the costatus Zone on conodonts (Adrichem Boogaert 
et al. 1963, Higgins et al. 1964) and reaching upwards into Siphono
della Zone (Higgins et al. 1964), were deposited disconformably on 
strata ranging from Upper Devonian in the southern part of northern 
Leon to Cambrian in the northern part of this area. Tournaisian and 
lower Visean deposits show an irregularity of outcrop which indicates 
continued mobility giving rise to an intricate pattern of small discon
formities. Lower to middle Tournaisian rocks are only preserved in 
patches (Higgins et al. 1964) and later Tournaisian or early Visean 
black shales, disconformable on older Carboniferous and late Devonian 
strata, and fairly widespread in deposition, are preserved only in certain 
areas ; thus suggesting renewed but selective erosion. 

Close to or actually on the Cantabrian Block these black shales 
are in gradual transition with overlying nodular limestones of Visean 
age, whereas there is a disconformable contact between the latter and 
the black shales or older Carboniferous or even Devonian rocks in 
exposures nearer the southern hinterland. In one locality, in a nappe 
structure in the province of Palencia, the nodular limestones even lie 
with angular unconformity on Middle Devonian rocks (Wagner 1962b 
and unpublished information). This nappe shows a southern derivation 
and the angular unconformity may thus indicate movements of the 
Iberian hinterland during early Lower Carboniferous times. 

The nodular limestones are usually, but not always, characterized 
by a vivid red colour. They have been called « griotte » ever since de 
Verneuil (in Prado & de Verneuil 1850, p. 158) compared them with 
griotte limestones in the Pyrenees. Barrois (1879, 1881) proved them to 
be of Lower Carboniferous age and, more recently, Wagner-Gentis 
(in Wagner 1957, in Higgins et al. 1964, and 1963) described goniatite 
faunas proving the « griotte » to range in age from lower Visean II~-y 
Zone to lower Namurian E 2 Zone (see also Kullmann 1961-1966). 
The II~-y Zone equates with the anchoralis Zone (conodonts) and, 
wherever the basal beds of the « griotte » limestone were sampled, 
they proved to belong to this zone (Adrichem Boogaert et al. 1963, 
Higgins et al. 1964). On the other hand, Kullmann (1963) asserted that 
the age of the basal beds could vary from lower to upper Visean. One of 
the two localities quoted by Kullmann as proof of an upper Visean 
age of the basal beds is situated above a thrust plane cutting out the 
lower part of the « griotte » limestone outcropping more completely 
further along the strike, and it seems doubtful that his conclusion 
can be maintained. The « griotte » limestone is probably the most wide~ 
spread of Carboniferous formations in Northwest Spain. It is a remark-
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ably condensed deposit of up to 20 m thickness of nodular limestone, 
with another 3 to 5 metres of chert and marl intercalated in the lower 
part of the formation. This chert and marl intercalation occurs through
out the central area of the Cantabrian Mountains but wedges towards 
the Iberian hinterland in the south. In the same direction the top of the 
« griotte » limestone becomes gradually replaced by green and purple 
mudstones which are still of a condensed facies and which contain the 
same goniatite fauna as recorded from the top part of the limestone 
elsewhere. 

A similar replacement of limestone by terrigenous deposits in a 
southward direction is also noted for the rock sequence following the 
Visean and lower Namurian « griotte ». This sequence is usually cha
racterized by well bedded fetid limestones, several hundred metres thick, 
which are followed in some areas by massive and massively bedded lime
stones showing a more irregular development. These limestones are 
commonly referred to as « caliza de montafia » or « calcaire des 
canons ». Towards the Iberian hinterland in the south the limestones 
are progressively replaced by mudstones with occasional sandstone and 
limestone bands. Sporadic finds of Reticuloceras in thin layers of finer 
mudstone indicate a Namurian B or C age. Towards the north, on the 
Cantabrian. Block, the top of the « caliza de montafia » shows signs of 
erosion followed by a condensed sequence of red and greenish mud
stones (Sjerp 1967, p. 80). The thick limestone deposits of « caliza 
de montafia » (totalling at least 1000 m in certain parts of Leon) and 
their lateral replacement by terrigenous strata are always conformable 
and continuous with the top part of the « griotte » and its lateral terri
genous facies, with the sole exception known of an. occurrence in north
ern Palencia where massively bedded Bashkirian limestones follow with a 
slightly angular unconformity on Visean and lower Namurian «griotte». 
This occurrence is indicative of renewed movements of the Iberian 
hinterland during Namurian times. Another low-angle unconformity is 
found between these Bashkirian limestones and overlying Westphalian 
(probably lower Westphalian) sandstones and shales. The latter uncon
formity is apparently widespread in northern Palencia, although the 
amount of time represented by the stratigraphic break is variable, de
pending on the relative palaeogeographic position of the outcrop studied. 
It is often associated with coarse, quartzitic conglomerates, and it is 
possible that both the Iberian hinterland and the Cantabrian Block 
moved in late Namurian or early Westphalian times. Off the Cantabrian 
Block, in the basinal area of northern Leon, an uninterrupted succes
sion of marine strata with rare continental intercalations was depos
ited from the « caliza de montafia » upwards. Possibly rhythmic deposits, 
including limestones and rare coals, were formed during late Namurian 
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and lower Westphalian times (Jongmans in Wagner 1959", Stockmans 
& Williere 1966) in the region of San Emiliano of northern Leon. East of 
this region, in the Carmenes Synclinorium, the sequence reaches into 
Moscovian (upper? Kashirian) and Westphalian B-C (Moore, Neves 
& Wagner, in preparation). Probably at least 1,500 m of almost exclusi
vely marine strata were deposited here above the « caliza de montafia ». 
It comprises various different facies culminating in foraminiferal, algal 
and brachiopod limestones alternating with mudstones and sandstones 
in the core of the synclinorium. A succession, some 2,300 m thick, of 
beds of the. same ages has been examined in the La Camocha coal 
mine near Gijon. These are paralic coal-measures however, containing 
not less than 40 workable seams. The marine intervals decrease upwards 
and the top part of the succession is entirely of non-marine facies. 
Dating by means of miospores has shown a complete succession from 
Namurian A to Westphalian B to be present (Neves 1964). Megaspores 
from the upper part of the succession have been published by Bonet 
& Dijkstra (1956), plant macrofossils were studied by Jongmans 
(1952, and in Wagner 1959a) and Wagner (1962"). Some goniatites 
were figured and described by P.H. Sampelayo (1944) and Schmidt 
(1955) and brachiopods by Winkler Prins (1968). Non-marine bivalves 
are common in the upper part of the succession and belong to Curviri
mula and Naiadites, according to Dr. R.M.C. Eagar (pers. comm.). 
Paralic coal-measures of Namurian and lower Westphalian ages are 
also present in the region of Teverga (Asturias) and in the valley of 
San Emiliano (Leon), south of Teverga. 

Lower Moscovian rocks were folded together with older Carbon
iferous strata into isoclinal synclines with attendant overthrusts in 
northern Palencia. These structures of the Palentian folding phase are 
overlain with a strongly angular unconformity by some 500 m of con
glomerates with alternating coal-measures which yield a flora of late 
WestphalianB age (Wagner 1960, 1966h). This conglomerate formation, 
containing W estphalian B floras, has been described from the Los Cintas 
Syncline, northwest of Cervera de Pisuerga. It was called the Cura
vacas Formation by Kanis (1956) in the belief that it would correlate 
with the thick conglomerates outcropping in the Curavacas Mountain 
(2520 m), one of the more imposing orographic elements in the Canta
brian Chain. However, although the Los Cintos conglomerates are 
apparently continued along the strike by the Curavacas conglomerates, 
there is no continuity of outcrop and the recent find of flora at the base 
of the Curavacas conglomerates proper (van Veen 1965) has shown 
the latter to be markedly older, i.e. of lower Westphalian A age 
(Stockmans & Williere 1966). Also the facies appears to be different. 
The Los Cintas (ex « Curavacas ») conglomerates are fluviatile in 
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origin and alternate with root beds, thin coals and plant beds, whereas 
the Curavacas conglomerates are only fluviatile in their basal part and 
are reported to be mainly attributable to a turbidite facies (Savage 
1967). The Curavacas conglomerates belong to the pre-Palentian 
succession and appear to be correlatable to less prominently developed 
early Westphalian conglomerates and sandstones elsewhere in northern 
Palencia (e.g. the Carmen Formation of Wagner & Wagner-Gentis 
1963, which forms a low-angle unconformity with underlying rocks). 

The Palentian structures below the strongly unconformable Los 
Cintos conglomerates probably include some well-developed nappe 
structures southwest of Barruelo de Santullan, and undoubtedly com
prise the east-west striking large isoclinal folds with attendant over
thrusts which have been illustrated by de Sitter (1958, fig. 13). The 
same kind of structure continues westwards into the province of Leon 
and, eventually, into the Asturias, after a northward swing following the 
arcuate shape of the geosynclinal termination. 

A major problem is posed by the areal extent of the Palentian folding 
and thrusting. In Palencia a more or less conformable succession of 
Silurian to lower Westphalian rocks has been severely folded below 
the level of the post-orogenic conglomerates of upper Westphalian B 
age. The same unconformity appears to be present in the Sierra de 
la Demanda, some 115 km to the southeast, where unconformable con
glomerates of Westphalian C age rest on folded Cambrian (Colchen 
1960, Colchen & Wagner 1966). Probably, there is only a small 
difference in age with the orogenic conglomerate of Palencia, since the 
latter has been dated as late Westph?lian B and the comparable occur
rence in the Sierra de la Demanda may be of lower Westphalian Cage. 
It is likely that the Palentian fold structures followed the outline of the 
Galaico-Iberian hinterland, and that the occurrences in the Sierra de la 
Demanda and in Palencia occupied a similar palaeogeographic position 
with regard to this hinterland. On this principle, it is to be expected 
that these fold structures continue along the strike into northern Leon 
and swing northwards into Asturias. A structural continuity is in fact 
noted in these areas, and the examination of fold structures in relation 
to major unconformities in northeastern Leon (Wagner 1963a, pp. 130-
131) has shown that tectonic movements of the Palentian phase are 
to be held responsible for the principal fold structures in this region. 
On the other hand, the Palentian folding movements may have been 
attenuated in the direction of the Cantabrian Block which acted as a 
tectonic foreland. This appears to be indicated, in fact, by reports of a 
conformable succession of lower and upper Moscovian deposits in the 
region east of the central Asturian coalfield (Julivert 1961, 1967, J.A. 
Martinez 1962, Sjerp 1967). These deposits commence with 300 to 
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400 m of shales and sandstones following upon a condensed facies of 
20 to 30 m of red and green mudstones, probably of late Namurian 
age, which cap the « caliza de montafia » (Julivert 1967, p. 61). They 
are succeeded by a massive or massively bedded limestone ( « caliza 
masiva » of Julivert or « Escalada Formation» of van Ginkel 1965), 
some· 150 to 300 m thick, and 1000 to 1500 m of mudstones and 
sandstones with intercalated limestone bands and occasional coal 
seams. The massive limestone horizon has been dated as early upper 
Moscovian (Podolskian) or late lower Moscovian (upper Kashirian) 
by van Ginkel (1965). Westwards the « caliza masiva » splits into a 
number of limestone bands such as occur in the overlying formation 
(Sjerp 1967, p. 93). The mudstone/sandstone facies with intercalated 
limestone bands has recently been investigated palaeontologically by 
C. Martinez (1969) in the northwestern part of the central Asturian 
coalfield, where it appears to cover an interval from Westphalian A to 
(lower) Westphalian C. The higher Westphalian C and Westphalian D 
rocks in this part of the coalfield (i.e. the region of Riosa) are coal
bearing and have been dated on floras by Jongmans & Wagner (1957). 
Similarly, the succession with numerous limestone intercalations in the 
northeastern part of the coalfield is followed by a main coal-bearing 
interval of Westphalian C and, particularly, Westphalian D age (Jong
mans 1951, Bless 1968). Movements of an approximately middle West
phalian D age may have occurred in the northern part of the central 
Asturian coalfield (Pello 1968), but these are slight and no folding 
seems to have taken place up to and including middle Westphalian D. 
Despite some reports to the contrary, there is no evidence for later 
strata in this region. 

The presence of an apparently conformable succession, from Namur
ian to Westphalian D inclusive (even though there may a condensed 
sequence, with or without stratigraphic breaks, in the upper Namurian 
and lower Westphalian), strongly suggests the absence of mid-Westphal
ian fold movements of the Palentian phase in the central and eastern 
Asturian area. The foreland area of the Cantabrian Block may there
fore not have suffered any compression as the result of the Palentian 
fold movements. On the other hand, it is remarkable that the tectonic 
structures found on the Cantabrian .Block and which were produced, 
at the earliest, during late Westphalian D times, show such a marked 
similarity to the Palentian structures south of the Block. For this reason, 
the present writer (Wagner 1966b, p. 21) was reluctant to admit that the 
Palentian folding did not affect the entire Cantabric-Asturian area. 
However, it now seems more likely that the structures formed by 
successive folding phases in different parts of the general area followed 
essentially the same pattern. 
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The Westphalian C and D coal-bearing strata in the central Asturian 
coalfield are strongly marine influenced. They also show a marked 
rhythmicity (Bless 1968) which may be the result of intermittent down
warp; thus building up a succession of regressive units, where marine 
beds are involved. While paralic coal-measures were formed in the 
central Asturian coalfield, an almost entirely marine succession was 
laid down in northern Palencia. Upper Moscovian marine deposits are 
found in a succession lying on a rather flat thrust plane which probably 
originated as a decollement plane above the horizon of the Los Cintos 
conglomerates (upper Westphalian B). This succession, which crops out 
near the village of San Cebrian de Muda (Palencia), shows a probably 
very incomplete sequence of Westphalian C rocks, and a locality at 
some 600 to 700 m above the thrust plane already shows floral remains 
of Westphalian D age. This flora occurs at some 500 m below the coal
measures of San Cebrian which are also regarded as lower Westphalian 
D in age (Wagner 1955, Wagner & Wagner-Gentis 1963). The prob
able Westphalian C deposits (by implication) have been described as 
turbidite deposits by de Sitter & Boschma (1966) and were most likely 
formed rather quickly ; thus emphasizing the incompleteness of the 
succession resting on the decollement plane (1). The coal-measures of 
San Cebrian are succeeded by limestones, marls and sandstones which, 
apart from one isolated coal seam, are completely marine. The top 
limestone (Sierra Corisa limestone) yielded a fusulinid fauna identified 
by van Ginkel (1960, 1965) who concluded on an upper Moscovian 
(Myachkovian) age. 

LATE WESTPHALIAN D 
AND EARLY STEPHANIAN SEDIMENTS 

In northeastern Leon movements of folding and uplift took place in 
Westphalian D times prior to the formation of unconformable conglom
erates and intercalated coal-measures which yielded floras of a late 
Westphalian D age in the vicinity of Ocejo de la Peiia (Wagner 1959h, 
1966b). The tectonic movements preceding these immature post-orogenic 

(1) De Sitter (1955) and Frets (1965) deny the existence of a decollement 
plane near San Cebrian de Muda and postulate a stratigraphic unconformity 
instead. However, Frets overlooked a difference in dip where the strike of 
over- and underlying tectonic units is similar, and incorporated some older rocks 
with the overlying deposits. These older rocks show a disconformable contact 
with even earlier Carboniferous strata (see comments in Wagner 1966•). 
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Plate I. - Valley fill deposits of upper Westphalian D age, 1.5 km south
west of Ocejo de la Pefia (NE. Leon). Pulses of downwarp are marked by lime
stone conglomerates which are banked up against the side of the fossil valley 
(marked on the photograph by a black line) and which eventually lap over the 
height formed by a Namurian limestone ( « caliza de montaiia » ). Photograph 
taken from the road to Ocejo de la Peiia in the valley of the Duerna which cuts 

the fossil valleys at approximate right angles. 
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deposits are ascribed to the Leonian phase which produced cross
folding in earlier, Palentian, structures, including the Esla Nappe 
(Rupke 1965). The unconformable conglomerate formation of late 
Westphalian D age commences with valley fill deposits of several 
hundred metres thickness (plate I) and may be altogether up to 700 
or 900 m thick. The upper part of this formation, studied near Tejerina 
(Wagner, Villegas & Fonolla 1969), consists of a succession of rhyth
mic units controlled by repeated downwarp. Eventually, the amount of 
subsidence became sufficient to permit a marine transgression which 
formed 45 m of mudstones and sandstones with lamellibranchs, gas
tropods etc. Afterwards, fluviatile and swamp deposits were formed. 
The upper part of the conglomerate formation and the later fluviatile 
and swamp deposits, some 700 m thick altogether, yielded abundant 
floral remains of post-Westphalian D age. On the other hand, they 
were markedly older than Stephanian A. These floras and those found 
in some 2000 m of marine beds with a few intercalated coal-measUies 
in northern Palencia and paralic coal-measures in the Valderrueda coal
field of northeastern Leon have been attributed to a new stage, the 
Cantabrian, which fills a time gap between stratotypic Westphalian D 
and stratotypic Stephanian A (Wagner 1966°-a, 1969). 

Recent investigations, made in collaboration with Drs W.J. Varker 
and D.G. Jones, have shown that the Leonian phase in northern 
Palencia only resulted in widespread uplift and consequent disconform
ity. The earliest post-Leonian deposits in Palencia commenced with 
small rhythmic units followed by shallow basin deposits with abundant 
and varied marine faunas. Later, successive basin fill deposits indicate 
repeated downwarp after which regressive units formed with near 
shore and, eventually, non-marine sediments at the top of these units. 
Two coal seams, known as the Casavegas coals, have yielded an asso
ciated flora of late Westphalian D age. Further marine deposits are 
followed by some more regressive rhythmic units with coals and these 
are tentatively attributed to the lower Cantabrian (Areiios coals). A 
limestone between the two coal horizons yielded a Myachkovian 
fusulinid fauna to van Ginkel (1965). A middle Cantabrian horizon 
is reached with another coal group which was at one time worked at 
San Cristobal hill and which has an abundant flora (Wagner & Breimer 
1958, Wagner & Winkler Prins, in this volume). This horizon correlates 
to a long section near Barruelo de Santullan, in northeastern Palencia, 
which reaches upper Cantabrian and Stephanian A horizons (Wagner 
& Winkler Prins, this volume). The total succession of late Westphalian 
D, Cantabrian and Stephanian A deposits in northern Palencia reached 
a thickness of some 4, 700 m, before it was cut off by another tectonic 
phase, the Asturian phase, which provoked a strongly angular uncon-
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formity and which was an important folding phase in northern Palencia 
as well as elsewhere in the Cantabric-Asturian area of Northwest Spain. 

The distribution and nature of the post-Leonian deposits in northern 
Palencia and northeastern Leon suggest that movements of the Iberian 
hinterland were involved, and this ties in with the unconformable late 
Westphalian D strata at Ervedosa, in northern Portugal, on the other 
side of the hinterland (cf. Teixeira 1944). However, it is likely that 
movements of the Cantabrian Block also took place. Such movements 
are indicated by the presence of limestone conglomerates in the upper 
part of the Westphalian D measures in the central Asturian coalfield 
(Adaro 1914, Pello 1968) and, particularly, by the presence of uncon
formable Cantabrian measures in the area of Gamonedo-Cabrales, in 
eastern Asturias (Marcos 1967). These Cantabrian strata commence 
with relatively thin conglomerates and continue with marine deposits 
with some paralic coal-measures. The upper part of this succession, 
as· found near Inguanzo (near Arenas de Cabrales), shows small rhyth
mic units in entirely marine strata which contain drifted plant remains 
(both macro- and microflora) together with varied marine faunal 
elements (Wagner, Jones, Spinner & Wagner-Gentis, in this volume). 
The facies is a condensed one, showing the paucity of terrigenous 
supply. In combination with the rhythmic sedimentation, it indicates 
a position on a platform area, probably to be identified with the 
Cantabrian Block. The variety and reasonably good preservation of 
land plants in these marine deposits may be taken as indicating a 
nearby shoreline and low-lying landmass. It may thus be assumed that 
some part of the Cantabrian Block was emergent during Cantabrian 
times. 

Various distinct facies developments are thus noted for deposits of 
Cantabrian and Stephanian A ages (i.e. the lower Stephanian sensu lato) 
in Northwest Spain. Within the main subsiding basin (N. Palencia and 
NE Leon) the area in northeastern Leon shows a preponderance of 
terrestrial deposits which is in contrast with the predominantly marine 
development of contemporaneous rocks in northern Palencia. It seems 
likely that the western rim of the geosynclinal complex had moved fairly 
close to northeastern Leon in late Westphalian D and Cantabrian times. 
On the other hand, there is also evidence of an eastern shore in north
ern Palencia (as deduced also by Nederlof, 1960, on the basis of sedi
ment derivation in a succession of turbidites which proved to be of 
Cantabrian age). Would it be possible that the foreland area of the 
Cantabrian Block also retreated eastwards, at the same time as the 
hinterland and geosynclinal basin moved away from the geosynclinal 
closure in the west ? A probable diachronous base to the first Canta
brian deposits in the Gamonedo-Cabrales region of eastern Asturias 
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also points to the presence of an eastern landmass which, in this case, 
seems likely to be connected to the Cantabrian Block. It is also interest
ing to note that the Cantabrian deposits in eastern Asturias are much 
thinner ·than the equivalent strata in the basinal area of northern 
Palencia and northeastern Leon. 

STEPHANIAN BAND C DEPOSITS 

The Cantabrian and Stephanian A rocks at Barruelo (Palencia) have 
been folded into an isoclinal syncline which is overlain with a right
angle unconformity by middle to upper Stephanian B conglomerates 
and coal-measures of the Pena Cilda Formation (Wagner 1955, 1966b, 
p. 39-40, pls 6-7). This unconformity is related to important movements 
of folding and uplift which took place late in Stephanian A times, and 
which appear to have been widespread throughout the Cantabric
Asturian area. The first post-orogenic deposits are often characterised 
by valley fills (Wagner 1963a, Corrales & Pelaez 1968) and the succes
sion is invariably non-marine. Post-Asturian strata are known to exist 
in the following areas, from east to west (text-fig. 1) : 

(1) Pico Cordel (Santander). The eroded core of an anticline in 
Triassic conglomerates and sandstones, forming the mountain called 
Pico Cordel, shows steeply dipping marine and terrestrial Carbonifer
ous rocks, thrust together. The terrestrial formation is coal-bearing, 
with a still undescribed flora of Stephanian C age. The stratigraphic 
base of this succession has not been seen. 

(2) Peiia Cilda (Palencia). The mountain of this name is in the 
middle of an outlier of Stephanian B rocks which are strongly uncon
formable on the Stephanian A strata at Barruelo de Santullan. The 
outlier consists of folded conglomerates and coal-measures, approx
imately 500 m thick, which contain a middle or upper Stephanian B 
flora (Wagner 1966b, p. 39). 

(3) Sabero (Leon). This coalfield has been studied recently, though 
not in detail (Henkes 1961, Helmig 1965, Wagner 1966b, Stockmans 
& Williere 1966), and its floras are generally characteristic of Ste
phanian B. There is a possibility that its earliest deposits may belong 
to late Stephanian A and it certainly contains the earliest Stephanian B 
strata known in the Cantabrian Mountains. Its rocks are unconformable 
on Lower and Middle Palaeozoic. Recent investigations by J.A. Knight 
provide further detail, and definitely point at late Stephanian A deposits 
at the base of a succession which reaches well into Stephanian B. 

(4) Cifiera-Matallana (Leon). The coal-measures of Cifiera-Mata
llana have been investigated in detail, and consist of several hundred 
metres of valley fill deposits followed by a thousand metres of fluviatile, 
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lacustrine and swamp deposits of Stephanian B age (Wagner 1963", 
1964, 1966b, Wagner & Artieda 1970). There is a strongly angular 
unconformity at the base of this succession. 

(5) La Magdalena (Leon). This coalfield consists of a syncline, with 
its southern flank virtually eliminated by overthrusting Precambrian, 
whilst its northern flank has probably been thickened by a number 
of minor thrust faults which repeat parts of the succession. It contains 
Stephanian B strata (Wagner 1964, 1966b), resting unconformably 
on Precambrian to Devonian rocks. 

(6) EI Bierzo (Leon). This area in Leon contains several coalfields 
of Stephanian B-C age, resting on a variety of Precambrian to Silurian 
rocks (P. & A. Hernandez-Sampelayo 1952, Wagner 1966b, pp. 53-55). 
The Stephanian strata in this area are only shallowly folded, whereas 
the underlying Lower Palaeozoic rocks are intensely folded and thrust. 

(7) Tormaleo (Leon). Very little is known about this coalfield, but 
a recent collection of plant fossils made in this area by students from 
the University of Oviedo has been submitted to the present writer. It 
corresponds to Stephanian B or, more likely, Stephanian C. 

(8) Villablino (Leon). Also in this area a synclinal structure has 
been preserved, with the southern flank badly overthrust (Vidal Box 
1943) and the northern flank containing a succession of ca. 2,300 m 
of strata ranging in age from late Stephanian B to Stephanian C 
(Wagner 1962", 1964, 1966b). Valley fill deposits have been recorded 
here at the base of the strongly unconformable succession (Corrales 
& Pelaez 1968). 

(9) Puerto Ventana (Leon-Asturias). An elongate patch of uncon
formable conglomerates and coal-measures extends from Paramo on 
the south side of the Teverga coalfield (Asturias) to the mountain pass 
of Ventana north of the San Emiliano valley (Leon). An abundant flora 
has been obtained from a single coal seam worked on the Asturian 
side of Puerto Ventana (Wagner 1966h, pp. 57-58). It shows an assem
blage of middle to upper Stephanian B age. 

(10) Rengos (Asturias). Little is known about the coal-measures 
in the vicinity of Rengos, but a flora of Stephanian B-C age has been 
recorded (Wagner 1966\ pp. 62-63). 

(11) Cangas del Narcea (Asturias). A recent paper by Virgili & 
Corrales (1966) indicates the presence of conglomeratic coal-measures 
in a rhythmic succession. They are unconformable on Precambrian, 
but the coal-measure succession is extensively faulted. A fossil flora, 
reported by de la Vega (1968) as Stephanian B, may well be of lower 
Stephanian C age. 
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(12) Tineo (Asturias). South of the town of Tineo a faulted sequence 
of coal-measures with a Stephanian C flora has been recorded (Wagner 
1964, 1966", pp. 69-73; Doubinger & Alvarez-Ramis 1964; Alvarez
Ramis 1966). It contains a quartzite conglomerate horizon which 
appears to correspond with the conglomerate separating the Calderon 
and Paulina coal-measure formations in Villablino (Leon), where Ste
phanian C beds are also found to be developed. Tineo is the area from 
which Barrois (1882) recovered a Stephanian flora described by Zeitler 
(1882) and which has been used as the type region for unconformable 
Stephanian coal-measures in Northwest Spain (i.e. the Assise de Tineo 
of Barrois). As such, it may well be regarded as unsuitable. 

(13) Arnao (Asturias). Unconformable coal-measures are known to 
occur in the coastal area of Arnao where coal was worked below the 
sea bed (Patac 1932). Fossil floras reported from this area indicate a 
late Stephanian B or Stephanian C age. 

(14) Punta de Cuerna, Punta de Ia Rubia (Asturias). Small, isolated 
coastal exposures of unconformable Stephanian rocks are also reported 
from Punta de Cuerna (Remy 1964) and Punta de la Rubia (Hernandez
Pacheco & Asensio 1965, Alvarez-Ramis 1966), in northwestern 
Asturias. 

(15) Ferrofies (Asturias). A thin slice of coal-measures overlain by 
thrust Devonian rocks has been recorded from Ferroiies by Paillette 
(1845). Its fossil flora was described by Zeiller (1882) and attributed 
to the equivalent of Stephanian B (compare Wagner 1966", pp. 75-76). 
A collection recently made here by J. Pello and identified by the present 
writer indicates Stephanian C. · 

(16) Canseco-Camposolillo (Le6n). South of the central Asturian 
coalfield a number of small patches of Stephanian B coal-measures 
have been recorded (Wagner 1963a, van Amerom 1965, Sjerp 1967, 
Julivert 1967). They are strongly unconformable on older Carbon

' iferous. 

(17) Sebarga (Asturias). East of the central Asturian coalfield an 
unconformable Stephanian B or C coal-measure sequence has been 
described by Julivert (1961) in the region of Sebarga. 

The suggestion has been made by Evers (1967, fig. 31) that the 
post-Asturian deposits in the province of Leon would have a diachron
ous base, with onlap in a WNW direction. This suggestion, based on 
published fossil data in the different coalfields, was a little premature, 
particularly since it relied to some extent on a presumed Stephanian A 
age of the Sabero coalfield, but more recent information tends to 
confirm its general validity. The earliest post-Asturian deposits, of 
lower Stephanian B age (and including, perhaps, the top of Stephanian 
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A) appear to have been formed at Sabero, and from here the basin 
seems to have spread in a WNW and a ENE direction. In Cangas 
del Narcea and Tineo the sedimentation seems to have commenced in 
lower Stephanian C times, and at Pena Cilda (prov. Palencia) deposition 
started during late Stephanian B (text-fig. 3). 

The total thickness of Stephanian B and C deposits in Northwest 
Spain may be in excess of 4,000 m, but the top part of this succession 
was eroded at Sabero, whereas the earlier part was not deposited in the 
more westerly and easterly areas. At the base there are quite often 
valley fill deposits and higher in the local successions fluviatile (some
times torrential), lacustrine and swamp deposits alternate. No clear 
rhythmicity of deposition has been detected beyond the first post
orogenic sediments (Virgili & Corrales 1966) and the lateral continuity 
of the sedimentary units is often poor, although local marker bands 
have been found. Floras are extremely varied, with a clear predomi
nance of ferns. Seed ferns are common but are relatively few in species. 

Fig. 3 - Generalized stratigraphic successions of Carboniferous strata in 
different parts of the Cantabric-Asturian area. Heavy black lines signify coal 
seams, oval symbols conglomerates, dots sandstones, and block symbol lime
stones. Unconformities and disconformities are indicated by wavy lines at the 
base of rock sequences (only the Palentian, Leonian and Asturian unconform
ities, where marked as folding phases, are highly angular). 

The column on the right (Nth Palencia) is mainly after the writer's investig
ations (partly in collaboration with W.J. Varker). The central columns are 
partly after Bless (1968 : Nal6n valley) and Julivert (1967 : Ponga unit, east 
of the central Asturian coalfield). A more detailed section of the succession at 
Tejerina can be found in Wagner, Villegas & Fonolla (1969). The Cifiera
Matallana sequence appears in Wagner 1963". The succession in the Villablino 
coalfied (Leon) appears in Wagner 1962" (after investigations by W.F.M. 
Kimpe). The section in the region of Riosa and Mieres is after Jongmans & 
Wagner (1957) with the disconformable Olloniego conglomerate and a part 
of the Esperanza coals added after Pella (1968). The Bernesga valley section 
is after Moore, Neves & Wagner (in preparation). 

It will be noted that an exceedingly condensed Lower Carboniferous and 
early Namurian sequence is followed by reiatively thin Namurian and lower 
Westphalian successions and that most of the thickness of Carboniferous 
deposits in N.W. Spain falls within Westphalian D and the various Stephanian 
stages (which ir:cludes the newly proposed Cantabrian Stage, developed in the 

Valderrueda coalfield and in Nth. Palencia, above all). 
N.B. The central column shows a condensed sequence between caliza de 

montafia and caliza masiva. Only the caliza masiva is shown in its proper 
position, and the caliza de montafia and griotte (Visean/lower Namurian) have 
been depicted above their stratigraphic level due their being linked to the 
higher part of the rather thin succession. 
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There is a clear difference in composition with regard to the «classical» 
Stephanian B and C floras in central France, which show fewer fern 
and seed fern species and which contain a number of hill slope elements 
which are rarely if at all found in the Stephanian B-C of Northwest 
Spain. The comparatively rare occurrence of hill slope flora and the 
almost total absence of upland flora in the middle and upper Stephanian 
assemblages of Northwest Spain may be explained by assuming a 
general habitat at the foot of hills and close to or actually on the coastal 
plain. Such a general habitat would also explain the presence of floral 
elements of North American, Bohemian and Russian affinity. The 
gradually extending Stephanian B and C basin in Northwest Spain 
probably filled in with sediment derived from hilly country to the 
WNW and ENE. 

AUTUNIAN 

The Stephanian C measures of Villablino, Cangas del N arcea and 
Tineo are the highest strata preserved from erosion in these areas, and 
there are consequently no records of Autunian. However, rocks of 
Autunian age are known from a single locality in northern Asturias, 
near Pola de Siero, where steeply dipping bituminous shales crop out 
below the bridge known as Puente Vergueres. This locality was de
scribed by Patac (1920, p. 45; 1956), who obtained undoubted Calli
pteris conf erta (Sternberg) from shales in an exploratory shaft and cross
cut. Patac was convinced that the Autunian strata would follow in a 
conformable succession on upper Stephanian rocks, but failed to prove 
this point in the absence of palaeontological information from the 
sequence of grey shales and sandstones, which drilling established below 
a fetid limestone in contact with the bituminous shales. Both the bitu
minous shales and the fetid limestone represent facies unknown for 
the Stephanian C in Asturias. The outcrop near Pola de Siero forms an 
inlier of Palaeozoic rocks surrounded by unconformable Cretaceous 
strata. Melendez (1952) described a succession of probable Permian 
rocks further north, near Colunga (Asturias), and noted the presence of 
an unconformity within this succession. In the absence of palaeonto
logical dating only circumstancial evidence of a Permian age could be 
given. 

The high-angle unconformity between Autunian and Cretaceous at 
Puente Vergueres (Asturias) and a similar unconformity between Ste
phanian B and Triassic near Barruelo (Palencia) provide evidence of 
folding during Permian times. It is usually assumed that the so-called 
Saalian phase is responsible. The presence of Uralian movements is 
inferred from a comparison with North Portugal, but has not yet been 
proved in N.W. Spain. 
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SYNTHESIS OF STRATIGRAPHIC DATA 

A number of generalized sections (scale 1:100,000), reproduced in 
text-fig. 3, show the relative thickness and importance of the tardi
geosynclinal successions formed after the Leonian and the Asturian 
tectonic phases, respectively. A similar thickness corresponds to the 
post-Palentian sequence in northern Palencia, and it is interesting to 
observe that intervals of 4,000 to 5,000 m of strata separate the tec
tonic upheavals. Torrential conglomerates characterize the first post
orogenic deposits after each of the folding phases, and valley fill 
deposits are present in both the post-Leonian succession in NE. Leon 
and the post-Asturian successions recorded in Villablino (Leon) and in 
Ciiiera-Matallana (Leon). There is a tendency for each individual se
quence between tectonic phases to show the rapid introduction of marine 
beds after valley fill. Both the fossilization of relief and the marine 
flooding provide evidence of rapid downwarp taking place after the 
uplift accompanying the tectonic phases. A gradual slowing down of 
the general subsidence is marked by the overall increase of non-marine 
sediments at the end of each major sequence of basin fill and before the 
next folding phase is taking place. Although the absence of marine 
beds in the post-Asturian successions prevents a similarly clear-cut 
picture to be found, the presence of valley fill deposits and the general 
thickness of the sedimentary sequence indicate also a rapid downwarp 
generally. 

The Asturian folding phase appears to be the most generally felt 
throughout the area, and is everywhere associated with a marked 
angular unconformity separating Stephanian B and C rocks from under
lying, folded strata, including Stephanian A deposits. The Leonian 
phase produced an angular unconformity associated with folding and 
uplift in NE. Leon and in eastern Asturias, but only uplift took place 
in northern Palencia. The Palentian phase, which was highly diastrophic 
in northern Palencia, the Sierra de la Demanda (Burgos-Logrono) and, 
probably, in some part of northern Leon, was apparently associated 
only with a condensed succession in the central part of the Cantabric
Asturian area. This phase is therefore clearly linked to the Iberian 
hinterland. 

The Palaeozoic geosynclinal area in Northwest Spain commenced its 
history in early Cambrian times, and the Cantabric-Asturian area shows 
a more or less conformable succession, i.e. without major unconform
ities (disconformities are present), from Cambrian upwards into lower 
Westphalian for the Palentian area, and from Cambrian upwards into 
upper Westphalian for the central area. Everywhere, the sequence is 
highly condensed from Tournaisian up into lower Namurian, and the 
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generalized sections show a clear increase in sedimentation from the 
lower Westphalian onwards, with a maximum thickness corresponding 
to the upper Westphalian coal-measures of the central Asturian coal
field. Throughout the geosynclinal phase the Galaico-Iberian hinterland, 
the Cantabrian Block and the intervening basin are clearly marked 
palaeogeographic units. The tardigeosynclinal basins may have been 
influenced by the same units (e.g. the post-Leonian successions in 
northern Leon and in northern Palencia, in a basinal, geosynclinal 
context, are much thicker than the one found in eastern Asturias 
which may have been positioned on the old Cantabrian Block), but 
it is not clear that they follow exactly the same distribution as the geo
synclinal successions. The post-Asturian basin seems to have had its 
earliest development at Sabero and to have spread both WNW and 
ENE wards as Stephanian B times progressed. 

On the other hand, the overall persistence of major palaeogeographic 
units is apparently indicated by the fundamental parallelism of fold 
structures formed by the successive tectonic phases of Carboniferous 
and Permian ages. Cross-folds do occur but are only locally important 
and minor if considered on the overall, regional scale. Some of the 
cross-folding may be linked to the increasing amount of closure of the 
overall geosynclinal complex, and there is a repetition of inward 
directed thrusting (i.e. towards the Cantabrian Block in the centre of 
the general complex) which must have accentuated the arcuate shape of 
the orogen. 

LITHOSTRATIGRAPHIC NAMES AND PALAEOGEOGRAPHIC 
UNITS 

The first generally accepted stratigraphic scheme for the Carbon
iferous of Northwest Spain was published by Barrois (1882) who divided 
the succession into five units, viz. (1) Marbre Griotte, (2) Calcaire des 
Canons, (3) Assise de Lena, (4) Assise de Sama, (5) Assise de Tineo. 
Adaro (1914) further subdivided the rocks of the central Asturian 
coalfield into a number of informal lithostratigraphic units. Most 
recently, as a result of the notable increase in geological research in the 
area since 1950, a large number of lithostratigraphic names have been 
proposed. The introduction of terminology has generally preceded the 
necessary detailed stratigraphic work and usage has been informal and 
even somewhat haphazard, in the absence of well defined type sections 
in the majority of cases. It is beyond the scope of the present paper to 
provide a discussion of the numerous lithostratigraphic units proposed 
and it may suffice to draw attention to the names mentioned in a general 
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stratigraphic column by Wagner (1962) and those used by J.A. Marti
nez (1962) and by de Sitter and his associates (e.g. Koopmans 1962, 
de Sitter 1962, Helmig 1965, de Sitter & Boschma 1966, Sjerp 1967, 
Evers 1967, van den Bosch 1969). Wagner & Wagner-Gentis (1963), 
Brouwer & van Ginkel (1964) and van Ginkel (1965) published papers 
devoted to the stratigraphic successions in the Carboniferous of North
west Spain and additions were made by Winkler Prins (1968), Boschma 
& van Staalduinen (1968) and Wagner, Villegas & Fonolla (1969). 

De Sitter et al. have advocated the use of three successive groups 
separated by major unconformities. These major lithostratigraphic 
units have been named Ruesga, Yuso and Cea Groups, respectively. 
The Ruesga and Yuso Groups represent sequences separated by the 
Palentian unconformity (which is recorded as « Curavacas » or « Sude
tic » by de Sitter - the former refers to the Los Cintas conglomerates 
and the latter is an obvious misnomer in view of the Westphalian age 
of the tectonic movements). Although this unconformity is a major 
one in northern Palencia and in northeastern Leon, its effects may be 
diminished both northwards and westwards. The general validity of the 
Ruesga and Yuso Groups is therefore in doubt. The Cea Group repre
sents all the Stephanian deposits in Northwest Spain (i.e. well over half 
the Carboniferous sequence - see text-fig. 3) and combines indiscrim
inately post-Leonian and post-Asturian successions, despite the differ
ences in age and in sedimentary development. The recently published 
1 :500,000 map of the Palaeozoic in Northwest Spain (Parga et al. 
1967) does not use these groups which are unrealistic. 

The stratigraphic usages as advocated by de Sitter (1962) are linked 
to certain interpretations of Carboniferous palaeogeography, the most 
important element of which concerns a so-called « Leon Line ». This 
tectonic lineament would separate the « Leonides » in the south from the 
« Asturides » in the north, and these two areas should have a funda
mentally different stratigraphic and tectonic history. However, the tec
tonic structures do not in fact change across this « Leon Line » and 
there is no evidence of a major difference in stratigraphic development 
on either side of this inferred separation. Marcos (1968), who analyzed 
recently the evidence for de Sitter's Leon Line, only admitted the pre
sence of a late tectonic fracture zone with strike-slip and normal move
ments. This Leon Fault (Jµlivert 1967) is only of local importance. De 
Sitter & Boschma (1966), when discussing the Carboniferous of northern 
Palencia, state the presence of basins separated by ridges coinciding 
with faults. The same idea of inherited tectonic and palaeogeographic 
features is evident throughout the work published by de Sitter and his 
students, but this working hypothesis has not been substantiated by 
detailed stratigraphic studies. In fact, wherever detailed stratigraphic 
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work became available, the equation between structural basin and sedi
mentary basin proved to be untenable. The same group of workers 
(e.g. Henkes 1961, Helmig 1965, Evers 1967) postulated that the post
Asturian coalfields in the Cantabrian Cordillera would have been 
·formed as local, intramontane basins, limited by normal faults. The 
implied comparison with the Stephanian of central France is mis
leading, and detailed stratigraphic and palaeobotanical work on the post
Asturian coalfields in Northwest Spain shows that these were formed at 
the foot of the mountains and that they probably belonged to a single, 
large basin. For example, the Cifiera-Matallana coalfield shows evidence 
of a basin margin towards the NW and opens towards the east, whereas 
Evers (1967, fig. 72) postulated basin margins to the north and south 
of the coalfield. In the absence of adequate stratigraphic information, 
the interpretations given by de Sitter and his associates are of limited 
value. 

Most authors outside de Sitter's group of workers accept the fact that 
the entire Cantabric-Asturian area subsided as a single, general unit 
from Visean to Westphalian times, although the central part of the 
general area of sedimentation sank more slowly. This central part 
coincides with the Cantabrian Block of Radig (1962) which generally 
subsided more slowly and which was periodically emergent during parts 
of Lower Palaeozoic time and at the end of the Devonian as well as 
during some time in the Tournaisian. The evidence of a condensed 
facies and the possibility of a physical break above the « caliza de 
montafia » of south-central Asturias (Ricacabiello Formation of Sjerp 
1967) tends to indicate further movements of the Block during Namur
ian and, perhaps, lower Westphalian times. It is significant that the 
« caliza masiva » of Julivert (1957) and Martinez (1962), which is 
separated by only a few hundred metres from the (probably middle 
Namurian) « caliza de montafia » in south-central Asturias, has been 
dated by van Ginkel (1965) as either upper Kashirian or lower Podolsk
ian, i.e. probably middle Westphalian. Van Ginkel suggested that the 
intervening beds would correspond partly to the Westphalian orogenic 
conglomerates in northern Palencia. It does in fact seem likely that 
the lower Westphalian movements of uplift and the middle Westphalian 
folding in the latter region are reflected by stratigraphic gaps and/ or 
a condensed facies in south-central Asturias. 

The area of the Cantabrian Block (i.e. including the central Asturian 
coalfield) shows tectonic structures which harmonize with those of the 
Palentian phase in northern Palencia and in northeastern Leon (com
pare the maps published by Helmig and Rupke 1965, de Sitter & 
Boschma 1966, Sjerp 1967, Julivert 1967). Since rocks of Westphalian 
D age are incorporated with the structures formed in south-central 
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Asturias and these structures are overlain unconformably by Cantabrian 
strata in eastern Asturias (Marcos 1967), it would appear that these 
structures were formed during the Leonian phase. It has been suggested 
in the literature (Evers 1967, van den Bosch 1969b) that folding and 
thrusting progressed very gradually from the (Galaico-Iberian) hinter
land to the foreland (of the Cantabrian Block) and that no tectonic 
phases would exist as such. Although the progressive uplift and conco
mitant expansion of the hinterland certainly control a good deal of the 
sedimentation and subsequent folding, the clear separation of Palentian 
and Leonian movements in northern Palencia and northeastern Leon 
militates against the idea of continuous tectogenesis. It would seem more 
likely that the progressive movements of gradual uplift of the hinter
land, accompanied by gradual subsidence of the basin, were speeded 
up at certain times which therefore witnessed folding and thrusting away 
from the hinterland. During these tectonic phases, which the strati
graphic record shows to have occurred at sedimentary intervals of 
4,000 to 5,000 m (text-fig. 3), the catastrophic increase in basin slope 
and the consequent telescoping of the sedimentary pile would have been 
offset at the end of the tectonic movements by a temporary, probably 
isostatic, uplift. The re-assertion of gradual subsidence immediately after 
the uplift is attested to by the valley fill deposits and rhythmic sedi
mentary units due to intermittent downwarp as described from the 
Tejerina Syncline (Wagner, Villegas & Fonolla 1969). 

The fundamental parallelism between the probable Leonian struc
tures in central and eastern Asturias and the Palentian folds in northern 
Palencia and northeastern Leon is to be explained by the persistence 
of the same overall palaeogeographic units up to and including the 
Leonian phase of late Westphalian D age. The later, post-Leonian and 
post-Asturian basins may also have been influenced by the same 
Galaico-Iberian hinterland and by the Cantabrian Block (foreland), but 
this question is by no means solved. 

LONG-RANGE CORRELATION 

The varied marine facies of the Carboniferous of Northwest Spain 
(up to and including Stephanian A) and the frequent intercalation of 
non-marine sediments provide the opportunity for a correlation between 
different zonations. In this respect the Cantabric-Asturian area is unique 
in western Europe where the higher Carboniferous is more usually non
marine with occasional marine bands of a shallow marine facies. It may 
thus well serve as a link between the generally non-marine areas of 
north-western Europe and central Europe on the one hand and the 
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marine regions of Russia on the other, and may vie with the Don bass 
in the variety and completeness of faunal and floral elements for 
correlation. 

During the 4th Carboniferous Congress (Heerlen 1958) Aisenverg 
et al. (1960), Gorsky & Stepanov (1960) and, particularly, Stepanov et 
al. (1962) presented a unified scheme of stratigraphic classification for 
Russia based on correlations between the Moscow Basin and the Don
bass, and proposed further correlations with north-western Europe and 
the U.S.A. Certain aspects of the. proposed correlation between Russia 
and N.W. Europe did not seem to tally with the preliminary results 
obtained in Northwest Spain where faunal elements of Russian and 
American affinity (e.g. fusulinid foraminifera) were found in the same 
sequences which yielded land floras susceptible to a correlation with 
N.W. Europe. The discrepancies were first noted by Wagner & Wagner
Gentis (1963) and they were discussed in more detail by van Ginkel 
(1965). Disagreement centres on the lower and upper boundaries of 
the Bashkirian which the Russian writers quoted equate with Namurian 
C and Westphalian A-B. However, a paper by Einor (1957) reveals the 
presence of divergent opinions on the position of the base of the Bash
kirian which may range downwards into Namurian B. 

The Spanish evidence on the base of the Bashkirian is inconclusive. 
The « caliza de montafia » immediately overlying « griotte » dated as 
middle Namurian A (i.e. up to E 2 goniatite zone) is lacking in identi
fiable fossils and can only be dated by inference as late Namurian A 
and Namurian B, since the higher limestones of « caliza de montafia », 
several hundred metres up from the base of the formation, alternate 
with mudstones containing sporadic goniatites (Branneroceras) indicat
ing late Namurian (Wagner-Gentis, pers. comm.). These higher lime
stones yielded poor faunas to van Ginkel (1965, p. 174), who stated 
that these can be ascribed equally well to the Millerella Zone as to the 
Profusulinella Zone. Only one locality, at Muda (prov. Palencia), 
would contain a more varied microfauna indicative of the highest part 
of the Millerella Zone. Unfortunately, this locality lies in a nappe 
structure and lacks a full succession permitting the limestones at Muda 
to be placed accurately within the « caliza de montafia ». Van Ginkel 
(1965, pp. 209-210) further reported lower Moscovian (Kashirian) 
fusulinid faunas from an horizon also containing Namurian B gonia
tites, and concluded that the base of the Bashkirian might correspond 
either to the limit between Namuriaa A and B or to a position within 
Namurian A. This conclusion is subject to confirmation. 

The upper limit of the Bashkirian is placed by Gorsky & Stepanov 
(1960) between Westphalian B and C. This correlation does not seem 
to agree with the information from Northwest Spain. A fusulinid fauna 
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made available to van Ginkel (loc. 34, quoted as P. 70 by van Ginkel 
1965) has been reported as lower Moscovian (Vereyan). This locality 
belongs to a limestone formation which yielded either upper Namurian 
or lower Westphalian conodonts to Higgins (in Wagner & Wagner
Gentis 1963). Vereyan fusulinids were also recorded by van Ginkel 
(1965, p. 210) from the Piedrasluengas limestone in Palencia which is 
apparently overlain by rocks of either Namurian C or Westphalian A 
age. Van Ginkel (Zoe. cit.) also mentioned an uppermost Bashkirian 
fauna at San Emiliano (prov. Leon) which is overlain, at ca. 400 m 
higher in the sequence, by rocks containing a Westphalian A flora. Van 
Ginkel concluded that the limit between Bashkirian and Moscovian 
would correspond approximately to the boundary between Namurian 
and Westphalian in West European terms. This conclusion, which 
apparently ignores his stated evidence of Namurian B goniatites occur
ring with lower Moscovian fusulinid faunas (see above), may be correct, 
although more precise information should still be forthcoming. 

The top of the Moscovian has been equated by Gorsky & Stepanov 
(1960) and Stepanov et al. (1962) with the top Westphalian and this 
correlation seems to be generally correct. However, stratotypic West
phalian D and stratotypic Stephanian A are not in superposition in 
N.W. Europe and, recently, a stratigraphic gap has been found which 
is equivalent to up to 2,500 m of deposits in Northwest Spain. These 
missing « Cantabrian » strata (Wagner 1966c,a, 1969), provisionally 
assigned to the lower Stephanian, could not be taken into consideration 
by the Russian authors. Wagner & Winkler Prins (this volume) suggest 
that middle and upper Cantabrian with, perhaps, Stephanian A equate 
to Kasimovian, i.e. lower Gzhelian of the Russian stratigraphic classifi
cation. Preliminary information on brachiopod faunas and continental 
floras, occurring in the same succession of strata in northern Palencia, 
tends to suggest that the highest Moscovian (Myachkovian) ranges into 
lower Cantabrian. 

Individual zonations for the Carboniferous in Northwest Spain exist 
for goniatites (Wagner-Gentis 1960, 1963 ; Kullmann 1961-63), cono
donts (Higgins 1962, Higgins et al. 1964, Adrichem Boogaert 1967), 
fusulinid foraminifera (van Ginkel 1965), brachiopods (Winkler Prins 
1968), calcareous algae (Racz 1965"·b) and land plants (Wagner 1962", 
1964, 1966b; Stockmans & Williere 1966). Rugose corals have also 
been investigated but did not prove amenable to a worth-while zonation 
(de Groot 1963). However, goniatites are only sporadically found 
above the mid-Namurian A (E2 Zone); conodonts have not yet been 
investigated above E 2 ; fusulinids are generally known from spot samples 
only, ranging in age from Bashkirian to Kasimovian ; brachiopods, 
found throughout the succession from lower Visean to Stephanian A, 
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have only been partially investigated ; calcareous algae are most sensi
tive to facies and have been zoned in close approximation to the fora
miniferal zones ; and land plants are only abundant from Westphalian 
onwards, Namurian plants being very sporadically present. There is an 
obvious need for information being made available from closely sampled 
sections containing different kinds of flora and fauna. Too much of the 
present information is based on spot samples. Although the conclusions 
reached thus far on general correlations are to be regarded as tentative, 
there are suggestions of probable correlations with N.W. Europe on the 
one hand and Russia on the other, and these correlations will have to 
be explored in more detail in the future. 
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DISCUSSION 

J.P. Lavei11e (question) : Quel est l'age du conglomerat de la phase 
palentienne et des terrains sus-jacents ? 

R.H. Wagner (reply) : The orogenic conglomerate following the Palentian 
phase of folding in Northwest Spain has been dated as upper Westphalian B 
in the Los Cintas Syncline, north of Santibanez de Resoba in northern 
Palencia (Wagner 1960). A different age has been admitted for this conglom
erate by de Sitter, after identifications by Stockmans & Williere (1966), 
but the locality studied by the latter authors lies in a lower Westphalian A 
conglomerate which should probably not be identified with the post
orogenic conglomerate yielding upper Westphalian B floras. The Los 
Cintas Syncline only contains the conglomerate formation (with intercalated 
coal-measures yielding flora) and no immediately overlying formations are 
known in this locality, although Westphalian C and D rocks are known 
from different structures in the general vicinity. 
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The upper Cantabrian rocks near lnguanzo, 
eastern Asturias, Spain 

R.H. WAGNER 1, D. G. JONES 2 , E. SPINNER 1 

& C. H. T. WAGNER-GENTIS 3 

With 2 text-figures and plates 30-33. 

ABSTRACT. 

A short section of rhythmically developed marine strata of upper Cantabrian 
age has been measured near the village of Inguanzo, near Arenas de Cabrales 
in eastern Asturias. The rhythmic units follow each other in quick succession 
and consist of sandstone/siltstone - mudstone - calcareous mudstone/lime
stone sequences. Abundant faunal remains (goniatites, orthoconic nautiloids, 
bivalves, gastropods, ostracodes, brachiopods, bryozoa and occasional trilobites) 
are associated with drifted plant remains, both megascopic and microscopic. 
The megaflora is quite varied and allows dating as upper Cantabrian. The 
microflora is even more varied, and appears to be younger than Westphalian D, 
though not as young as Stephanian assemblages recorded in the literature. 
The fauna is varied, but mainly cosmopolitan. However, the goniatites suggest 
a link with Russian faunas. The most characteristic elements of flora and fauna 
are illustrated on plates 30-33, and comments are given on the assemblages 
recorded. Text-figure 1 illustrates the general geological setting and text-figure 2 
provides a graphic log of the succession measured. 

RESUME. 

Une petite succession rythmique de facies condense a ete etudiee en 
detail pres du village d'lnguanzo, dans la region de Cabrales en Asturies 
orientales. Chaque unite rythmique commence par des gres fins, suivis par 
des schistes devenant schistes calcareUX OU meme calcaires en serie extreme
ment mince (50 cm environ). Les parties schisteuses sont fossiliferes, et 
montrent une faune variee (Goniatites, Orthocones, Lamellibranches, Gastropodes, 

1 Department of Geology, The University, St. George's Square, Sheffield 1, 
England. 

2 Department of Geology, King's College, The Strand, London W.C. 2, 
England. 

3 « Mayfield •, Cross La!'e, Calver, via Sheffield S 30 lXS, England. 

465 



Ostracodes, Brachiopodes, Bryozoaires, Trilobites) en association avec des debris 
vegetaux flottes. encore determinables, et des miospores. La faune comporte 
surtout des elements cosmopolites, mais les quelques Goniatites determinables 
montrent des affinites russes. Parmi les elements de flare, assez varies, on 
constate un melange d'especes du Westphalien superieur et du Stephanien 
inferieur qui date le gisement comme etant d'age Cantabrien superieur. Les 
debris de p]antes macroscopiques sont plus significatifs a cet egard que les 
spores. Parmi celles-ci il faut noter la presence de l'espece Reticu/opteris 
germari (Giebel), generalement citee pour le Stephanien superieur, et qui, tres 
probablement, represente une flore de montagne plutot que marecageuse. 
Parmi les spores, on constate !'extreme abondance de Florinites, ainsi que des 
petites Triquitrites, ce qui est normal pour des schistes marins a elements 
necessairement tres allochtones. Les planches 30 a 33 donnent une illustration 
des elements de la flare et de la faune qui ont ete mentionnes dans le texte. 
Une carte generale de la region montre la situation de la coupe etudiee, qui 
est egalement figuree (Fig. 1, 2). 

I. INTRODUCTION 

Recent investigations by A. Marcos (1967, 1968) in the region of 
Onis-Cabrales, north of the Picos de Europa in eastern Asturias, have 
shown the presence of strata with marine and continental intervals in 
a succession dated as « Cantabrian » on the basis of fossil land plants 
(Wagner 1967). This refers to a chronostratigraphic unit, either a stage 
or a substage, which has been proposed as the lowermost unit of the 
Stephanian (Series or Stage), and which had previously gone unre
corded in Western Europe. The « Cantabrian » is younger than West
phalian D and older than Stephanian A (Wagner 1966\ 1969). The 
Cantabrian strata in eastern Asturias are patchily exposed, and no 
complete succession has been obtained. However, the field evidence 
suggests (Marcos pers. comm.) that the base of the succession is dia
chronous, with the older strata (lower Cantabrian) being developed 
only in the western part of the area, whilst younger rocks (upper Canta
brian) apparently rest immediately, unconformably, on limestone 
( « caliza de montafia » ), probably of Namurian age, in the eastern part. 
The general distribution of strata in this (eastern) part of the region 
is shown by text-fig. 1, which is based on the map published by Marcos 
(1967, 1968). The Cantabrian rocks appear to lie with an unconform
able stratigraphic contact on « caliza de montafia » (N amurian lime
stone) at the southern border of the outcrop. On the other hand, the 
north crop is limited by a thrust fault which brings limestone of prob
able Westphalian age on top of Cantabrian strata. Consequently, the 
succession of Cantabrian rocks outcropping in this region appears to 
belong almost entirely to a single, northward dipping sequence (with the 
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Fig. 1. - General map of the area showing the overall distribution of strati
graphic units (after Marcos 1967, 1968 - re-drawn). 

dips varying between 50° and 30°, on the whole : fide Marcos op. cit.), 
from the southern unconformable border up to the area east of the 
village of Inguanzo (see text-fig. 1). The succession apparently consists 
mainly of marine mudstones, but sandstone horizons and occasional 
conglomerates and limestones have also been recorded. Westwards, 
outside the area shown on the map of text-fig. 1, the Cantabrian rocks 
also include a few coal seams and seat-earths. 

As a result of generally poor exposure, not even an approximate 
overall succession of Cantabrian strata has been established in this 
region. Under these conditions, any local section of some continuity 
assumes regional importance as a sample of the type of sedimentation 
and of the flora and fauna in the Cantabrian of eastern Asturias. Such 
a section, showing a continuously exposed succession of 20 metres 
thickness, occurs in a path just east of the bend in the road leading to 
Inguanzo. This section was cursorily examined in 1967, and yielded the 
fossils reported by Marcos (1968) and Wagner (1967). It has now been 
measured in detail by two of the present authors (R.H.W. and D.G.J.), 
in collaboration with Messrs F. Fonolla, A. Marcos and J. Pello (Uni
versity of Madrid and University of Oviedo, respectively), during a 
joint excursion held in the summer of 1968. The log of this section is 
published here as text-fig. 2. Plant fossils from this section were discuss
ed and partly figured by Wagner (1967), but some new elements have 
been found since and are recorded here in context with the total flora 
found in this section as well as in an exposure slightly higher up the 
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sequence. The second author has identified the various elements of 
fossil fauna, with the exception of goniatites which were studied by 
C.H.T. Wagner-Gentis. The third author has studied miospores found 
in samples of mudstone from the Inguanzo section. 

R.H. Wagner and D.G. Jones wish to record their indebtedness to 
the Natural Environment Research Council of Great Britain for Grant 
3/487, which enabled th~m to study the rocks corresponding to the 
Cantabrian Stage in Spain. Technical facilities in the Universities of 
Sheffield and London are gratefully acknowledged. The writers are 
grateful to Messrs Fonolla, Marcos and Pello for their pleasant com
pany and cooperation, and to Dr. R. Neves (Sheffield) for the initial 
identification of miospores. 

II. DESCRIPTION OF THE SECTION NEAR INGUANZO 
(R. H. Wagner and D. G. Jones) 

The measured section occurs along a path which turns off the road 
to Inguanzo at an old iron mill where the ore was received from work
ings higher up the mountain and crushed for delivery. There is no 
connection between the iron workings and the succession outcropping 
along the path. Although the base of the succession is unexposed, the 
facies in general is similar to that found in rocks along the main road 
south of Arenas de Cabrales going into the gorge of the Rio Cares. 
At this latter locality mudstones, with a marine fauna and drifted plant 
fragments (mainly Linopteris), follow sandstones and conglomerates 
which comprise the basal beds of the Cantabrian succession in this 
part of the region. It is impossible to state exactly where the sequence 
near lnguanzo comes in regard to the base of the succession ; from the 
map it appears to be approximately 700 m above the base, with an 
allowance of 200 metres. Assuming that the facies is similar through
out this unknown interval, it is probable that there is a noticeable 
difference in age between the basal beds of the succession and the 
sequence exposed near Inguanzo. 

The oldest exposed strata near lnguanzo are calcareous mudstones, 
siltstones and sandstones in a recurrent pattern, showing the follow
ing rhythm : sandstone at the base, either followed or replaced by silt
stone, with thicker lutite (mudstone, seldom shale) developments form
ing the higher and main part of each unit. The thickness of the rhythmic 
units is variable, but averaging 0.50 m. The lutites apparently become 
more calcareous towards the top of each unit, and often pass into decal
cified mudstone at the top of the unit in weathered strata. In the higher 
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part of the succession, the top part of the unit is occasionally developed 
as a muddy limestone. The sandstone/siltstone at the base of each unit 
sometimes contains drifted remains of plants which have been too much 
comminuted to be identifiable. Moreover, these remains usually repre
sent woody stem fragments which would not have been identifiable in 
any case. Whenever a sandstone has been found at the base of a rhyth
mic unit, it proved to be very fine-grained, with a gradual passage to 
siltstone. This rock type either appears as a massive layer, or is evenly 
and thinly bedded. Sedimentary structures are absent, apart from one 
interval with some ripple cross lamination, showing the sequence to be 
the right way up (i.e. younging northwards). Generally, the sandstone/ 
siltstone interval is ferruginous, giving yellow colours in the weathered 
outcrop. The lutites forming the main part of the rhythmic units are 
generally very fine-grained and apparently homogeneous, although 
occasionally they are slightly silty. Only in a few units the top part of 
the lutite interval turned into a laminated shale (marked as such in that 
part of the section that falls between 5 m and 7.50 m). The lutites gener
ally are fossiliferous, and possess a varied fauna of orthoconic nauti
loids, goniatites, bivalves, occasional brachiopods, gastropods and 
ostracodes as well as trilobites and, rarely, Fenestellid bryozoans. When
ever the top part of a lutite interval (usually calcareous and then decal
cified in surface outcrop) becomes sufficiently calcareous to form a 
limestone, crinoid debris becomes an important constituent. The faunal 
elements could only be identified to the generic level. The specimens 
are decalcified and often squashed (see Pl. 33). 

Commonly, but not invariably, the marine fauna is accompanied by 
rarer drifted plant remains consisting of stem and petiole fragments 
as well as the remains of foliage. The common type of foliage is Lino
pteris in the form of detached pinnules. Linopteris is generally recog
nised as having been capable of withstanding the comminuting effect 
of water transport far better than any other kind of foliage. This is 
presumably due to a tough cuticle keeping the pinnules together even 
though the cells between the veins decay in the course of maceration 
in water during the prolonged period of time necessary to drift the 
pinnules out into the open sea. This is also the kind of foliage that 
remains the longest identifiable among the plant fragments which have 
been comminuted by current activity in river transport. Apart from 
relatively common Linopteris (the species being invariably Linopteris 
neuropteroides), rarer fragments of Neuropteris, Reticulopteris, Calli
pteridium, Dicksonites, Sphenopteris, Pecopteris, Sphenophyllum, 
Annularia and Cordaites were also encountered. The flora is sufficiently 
diversified to date it as upper Cantabrian (Wagner 1967, see also 
Table I). A fragment of an insect wing was also found (in loc. 1944). 
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In the higher part of the sequence near lnguanzo the calcareous 
bands become more prominent. It is also noted that the rhythmic units, 
which are very thin in the lower part of the sequence, become general
ly a little thicker in the higher part. The top part of the exposed se
quence shows the absence of the basal sandstone/siltstone interval in 
the rhythmic units, and it may be that solid mudstones continue from 
hereon. Only the alternation of lutite and decalcified lutite seems to 
betray the presence of a fundamentally rhythmic sequence at this level. 

After an unexposed interval of a few tens of metres of vertical 
sequence a small part of the succession becomes visible in an exposure 
along the main road to lnguanzo. It shows mudstones with occasional 
layers of sideritic ironstone and ironstone nodules. The fossils collected 
here include orthoconic nautiloids, goniatites, lamellibranchs, brachio
pods and varied plant remains (loc. 1949). Whereas the mudstones in 
the measured sequence along the path were mainly dark grey, the ones 
found in the roadside exposure of loc. 1949 were almost black ; thus 
indicating some change in facies. 

With regard to the overall facies of the upper Cantabrian rocks 
near lnguanzo, it would seem that the predominance of fine-grained 
material and the common occurrence of orthocones and goniatites indi
cate relatively slow deposition. The presence of diversified, identifiable 
megascopic plant remains (and varied microfloral remains-see page 4 77) 
indicates a nearby shoreline, and the absence of current bedded strata 
suggests that the land area showed little relief. Slump structures are 
also absent, and this suggests a gentle palaeoslope. Although the com
position of the fauna shows that deposition took place in the open sea, 
it may well have been relatively shallow. The presence of mudstones 
with a marine fauna and drifted plant remains in the succession imme
diately above the unconformable conglomerates and sandstones in the 
valley of the Rio Cares points to the development of a shallow marine 
basin of sedimentation bordered by a landmass with little relief, after 
the first flush of coarse basal deposits had passed. The presence of 
rhythmic units with coarser deposits at the base and finer sediments 
towards the top of each unit (there is invariably a sharp contact at the 
base of the sandstone/siltstone interval) indicates a pulsating supply 
which may reflect intermittent movements of the source area. The more 
calcareous intervals right at the top of the rhythmic units indicate the 
virtual cessation of supply of terrigenous elastics at the end of each 
rhythm. Altogether, the impression is gained of a low-lying land area 
with a bordering shelf. There may have been an absence of sizable 
rivers, but streams apparently carried plant remains into the sea, and 
the land certainly supported a well developed flora. 
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There is no direct evidence as to where the land mass was situated, 
apart from the fact that the fossil plant collections made by Marcos 
(1967, 1968) in the total area of Gamonedo-Cabrales tend to suggest 
a probable onlap from west to east. The apparent contrast between the 
slowly deposited, fine-grained sediments near Inguanzo and the thick 
basinal sequence in northern Palencia to the south (compare Wagner 
& Winkler Prins, in this volume) provides an indication that different 
palaeogeographic units are involved. Taking into account the general 
configuration of the Cantabric-Asturian geosynclinal area in Northwest 
Spain, which shows an enveloping hinterland and a central « foreland » 
massif, it seems likely that the sequence near Inguanzo was formed on 
a submerged part of the latter, i.e. on the Cantabrian Block of Radig 
1962. 

III. PLANT MACROFOSSILS (R.H. Wagner) 

Although the plant remains are fewer in number than the animal 
fossils in the Inguanzo section, the flora is quite diversified and interest
ing from two points of view. In the first place, the total assemblage is 
sufficiently varied to permit stratigraphic dating, and, secondly, it is a 
clearly allochthonous one representing more than one habitat. 

N europteris ovata Hoffmann (Pl. 30, fig. 1 ; Pl. 31, fig. 10). Two 
specimens are available, one of them print and counterprint. The den
sity of venation indicates the type variety, and this provides a strati
graphic indication, for the type variety changes into the var. grand-euryi 
Wagner ( = N. flexuosa Gr.'Eury, nan Sternberg) at an horizon corres
ponding to upper Cantabrian. Specimens referable to the type variety 
still occur at this horizon but are probably rare. 

Neuropteris scheuchzeri Hoffmann (Pl. 30, figs 7, 7a). One speci
men showing the apical part of a pinnule has been found. The triangul
ar apex, fine, rather densely arranged nervules, and the impressions 
of thin hairs overlying the venation all constitute characteristics which 
allow the easy recognition of this species. Neuropteris scheuchzeri has 
a well defined stratigraphic range in Northwest Spain, from Westphalian 
C to upper Cantabrian and this may be the normal range in western 
Europe. Only in North America it may be longer ranging, viz. into Ste
phanian B (Darrah 1937). There are two anomalous records of Neuro
pteris scheuchzeri in Northwest Spain. One of these refers to a badly 
preserved fragment, probably belonging to Pecopteris, originating from 
late Stephanian strata in Asturias (de la Vega 1968), and is based on 
a misidentification. The other record is in a recent paper by Alvarez 
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Ramis (1966b), who figures under this name a pinnule fragment of 
Neuropteris which is rather fragmentary and only shows the nervation 
as an identifiable characteristic. The illustration presented by Alvarez 
Ramis is inadequate for the recognition of Neuropteris scheuchzeri, 
and there is also some doubt attached to the age determination of its 
locality which has been attributed to Stephanian B. Apparently, the 
dating was based on the presence of Neuropteris gallica Zeiller (also 
inadequately figured) which, after the description and figuration pre
sented by Alvarez Ramis, could equally well have been identified as 
Neuropteris planchardi Zeiller. The former has been found as low as 
Stephanian A and the latter has recently been encountered in upper 
Cantabrian strata (see below). 

Neuropteris planchardi Zeiller (Pl. 31, figs 11, lla). Only one 
incomplete impression of a pinnule has been found. It shows a well 
rounded, cordate base, a distinct midvein and arching laterals (approx
imately 42 per cm) which tend to be almost perpendicular on the 
pinnule border. This species, which has generally been recorded from 
Stephanian B-C and Autunian strata, has recently been found in rocks 
of upper Cantabrian age (Wagner & Winkler Prins, in this volume). 

Neuropteris spp. indet. One fragment of a large pinnule with a 
wide nervation (loc. M 4) is too incomplete to be identified. Another 
detached pinnule (loc. 1933) may be an atypical specimen of Neuro
pteris ovata Hoffmann. 

Linopteris neuropteroides (von Gutbier) Potonie (PL 30, figs 8, 8a; 
Pl. 31, figs 13, 13a). This is the most common element found among 
the drifted plant remains in the area near Inguanzo. It occurs in eight 
out of nine plant-bearing localities (Table I). Altogether, 66 specimens 
were found as against 49 other plant remains. Obviously, Linopteris 
was relatively resistant to comminuting in water transport. One spe
cimen was figured in Wagner 1967 (Him. I, fig. 2) and two additional 
specimens are illustrated in the present paper. Although there is a cer
tain amount of variability in the shape of the pinnules, the nervation 
is typical. It consists of a rather indistinct, short midvein, present in 
the lower third of the pinnule only, and a secondary venation charac
terised by steeply angled, elongate vein meshes. The pinnules are always 
slender, generally 3 to 4 times as long as wide, with parallel borders 
but tapering in the apical part. This is the characteristic form of Lino
pteris neuropteroides as figured from the type area in eastern Germany 
(compare Daber 1955, 1957), and corresponds to the var. major as 
named by H. Potonie (1904). The var. minor of Potonie does not appear 
in the Inguanzo flora, and it has already been noted (Wagner 1964) 
that the two « varieties » seem to lead an independent existence, even 
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though they may occur together in some areas. The species has little 
stratigraphic interest, since it has been recorded from lower Westphalian 
to Autunian. 

Reticulopteris germari (Giebel) Gothan (Pl. 30, fig. 6). A single 
fragment of a large pinnule (part and counterpart) has been found. The 
same specimen was illustrated in Wagner 1967 (lam. I, fig. 1). It clearly 
shows the leathery limb (probably due to a thick cuticle), distinct mid
vein, and transversely elongate vein meshes which characterise the 
species. The range of Reticulopteris germari is usually given as Ste
phanian B to Autunian, but this species has recently been found also 
in upper Cantabrian and Stephanian A rocks of the Barruelo region in 
Northwest Spain (compare Wagner & Winkler Prins, in this volume). 
Like Neuropteris planchardi, it may be an element of hill slope flora 
which is found only when environments other than the coal swamp 
are represented. 

Callipteridium cf. jongmansi (P. Bertrand) - striatum Wagner (Pl. 30, 
figs 9, 9a). Three specimens have been collected (from localities M4, 
1945 and 1949, respectively) which are all fragmentary. The most com
plete specimen has been figured and this shows a gradually tapering 
terminal and bluntly triangular pinnules, bilateral symmetrical, with 
a distinct though impersistent midvein and steeply ascending laterals. 
The other two specimens (unfigured) show comparable features. The 
density of venation and the steep angling of the lateral veins agree with 
the Callipteridium jongmansi-striatum complex. In the absence of rachi
des of the penultimate order in the material at hand, one cannot judge 
the degree of development of intercalated pinnules in this material 
which, therefore, cannot be assigned unequivocally to a particular one 
of the two species mentioned. Call. (Praecallipteridium) jongmansi 
passes gradually into Call. (Eucallipteridium) striatum by the progress
ive introduction of intercalated pinnules down the rachides of the 
penultimate order (compare Wagner et al. 1969, p. 126). 

Callipteridium gigas (von Gutbier) Weiss (Pl. 32, figs 14, 14a, 17). 
Only one specimen (part and counterpart) has been collected (loc. 
1934). It shows the impressions of the upper and under sides of a few 
pinnules which are still attached to the rachis. The insertion is striking
ly perpendicular, and the narrowly confluent pinnules have parallel 
borders and a broadly rounded apex. The venation consists of a distinct, 
persistent midvein, and closely spaced, shallowly inclined nervules. 
Callipteridium gigas ranges throughout the Stephanian and into the 
Autunian. Its earliest recorded occurrence in Northwest Spain is in the 
Guardo-Cervera coalfield (Kanis 1956, Pl. 2, fig. E), where it occurs 
in rocks of Cantabrian age. A recent description of this species, as 
found in Spain, is provided by Wagner, 1965. 
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Pseudomariopteris ribeyroni (Zeiller) Danze-Corsin (Pl. 32, figs 15, 
15a). Two fragments of pinnae from loc. 1949 show ovate pinnules, 
broadly attached, but with a slightly constricted base. The nervation is 
badly preserved in these specimens, but apparently consists of a thin 
midvein and equally thin laterals which 'are widely spaced and generally 
twice forking. This species is known to occur from the highest West
phalian D to upper Stephanian or even Autunian (if one includes Ps. 
cordato-ovata (Weiss) in this species, as Doubinger (1956, p. 122) has 
suggested). 

Dicksonites pluckeneti (von Schlotheim) var. sterzeli (Zeiller) Danze
Corsin (PI. 30, fig. 4). Two specimens, one of which consists of part 
and counterpart, have been recovered from loc. M4 and loc. 1944, 
respectively. They clearly show the perpendicular insertion of rather 
finely lobed pinnules which characterise the variety. The strong rachi
des and stiff lobes (indicating a strong cuticle) are further characteristics 
of Dicksonites. The species is known from approximate middle West
phalian D to upper Stephanian (compare Doubinger 1956, pp. 122-
124). 

Sphenopteris cf. rotundiloba Nemejc (Pl. 30, fig. 2; PI. 31, fig. 12). 
Two small fragments, found in loc. M4, show the strongly convex, sub
circular lobes of pinnules which could be assigned to either Sphenopte
ris rotundiloba or Sphenopteris nummularia von Gutbier. The former 
appears to be distinguished by its generally larger pinnules with rather 
more convex lobes than occur in the latter (cf. Nemejc 1937). Spheno
pteris rotundiloba has been first recorded from Spain in the Cifiera
Matallana coalfield (Wagner 1962) and has subsequently been found 
to occur generally throughout Stephanian rocks in different parts of 
Northwest Spain (Alvarez Ramis 1966, Wagner 1966), with a total 
range from upper Cantabrian to Stephanian C. 

Pecopteris acuta Brongniart (Pl. 30, fig. 5). Only one small frag
ment (part and counterpart) has been recovered (loc. M4). It shows 
the characteristic triangular pinnules with simple veins. Pecopteris 
acuta occurs throughout Westphalian and Stephanian strata. 

Pecopteris cf. lepidorachis Brongniart. Two fragments of pinnae 
of the last order, collected in localities M4 and 1949, show the imprints 
and counter-prints of thick rachides with broadly based pinnules, 
slightly more than twice as long as wide, and gradually tapering ter
minals ended by a small apical pinnule. The nervation of the pinnules 
shows a well-defined midvein and relatively distant laterals, bifurcating 
once near the midvein. The best preserved specimen was figured in 
Wagner 1967 (lam. I, fig. 5). Although the specimens in hand are 
reasonably well preserved and show well defined characteristics, a 
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definite specific identification cannot be made. This is mainly due to 
the fact that the shape and venation of the pinnules are common to 
several species, and comparison can be made with a number of publish
ed figures in the literature. Perhaps, this kind of pinna and pinnules 
has been most commonly attributed to Pecopteris lepidorachis Bron
gniart but, unfortunately, a comparison with the type of this species 
shows important differences. It is quite likely that the material in hand 
belongs to an undescribed species which, however, can only be founded 
on more complete specimens. 

Pecopteris (Asterotheca) truncata Rost. A small specimen (part 
and counterpart) from the general locality M 4-5 shows the relatively 
distant, broadly based pinnules with large synangia covering the entire 
limb, which characterise this, rather incompletely known, species of 
Stephanian age. 

Sphenophyllum oblongifolium (Germar & Kaulfuss) Unger (Pl. 32, 
fig. 16). One specimen (part and counterpart) from loc. M4, although 
by no means well preserved, shows the leaves with slightly convex 
lateral borders, a medial cleft and drawn out teeth on the distal border, 
which characterise this species. Sphenophyllum oblongifolium ranges 
from upper Cantabrian to Autunian. 

Annularia sphenophylloides (Zenker) von Gutbier. A single leaf 
verticil has been collected from loc. 1937. This very characteristic 
species ranges from Upper Westphalian throughout the Stephanian. 

Cordaianthus? sp. (Pl. 30, fig. 3). One specimen (part and coun
terpart), collected from loc. M4, shows a lax arrangement of subopposite 
« spines » with axillar structures which appear to consist of spirally 
disposed elements of an indeterminate nature. Although it seems likely 
that this is an example of the composite cone of Cordaites, the preser
vation is not good enough to determine whether this is a male or a 
female cone. A fragment of a narrow Cordaites leaf has also been found 
(loc. MS). 

Conclusions : The occurrence of N europteris planchardi, Reticulo
pteris germari, Sphenopteris rotundiloba, Callipteridium gigas, Astero
theca truncata and Sphenophyllum oblongifoliwn in the Inguanzo 
section is proof of a Stephanian age, with a possible lower limit of 
upper Cantabrian. However, the presence of Neuropteris scheuchzeri 
and of the type variety of Neuropteris ovata tends to indicate Canta
brian rather than Stephanian A or B, and the total assemblage may 
therefore be regarded as being indicative of upper Cantabrian. Both 
N europteris planchardi and Reticulopteris germari are probably ele
ments of a hill slope flora, growing some distance away from the coal 
swamp, and their presence in the marine mudstones of Inguanzo stresses 
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the point that this is an allochthonous assemblage, representing different 
habitats. These two species are best known from the intra-montane 
areas of sedimentation in central France, Germany and Bohemia, which 
were established variously from Stephanian A, B and C onwards. 
These fairly restricted basins would be likely to receive floral elements 
of the hill slope habitat as well as from coal swamps, the latter being 
probably a great deal less extensive than they were in the paralic areas 
of the coastal plain. This would explain why elements like Neuropteris 
planchardi and Reticulopteris germari would be commonly found in 
the Stephanian coal basins of the areas mentioned above. The occur
rence of these species and several others of the same habitat would 
therefore apparently correlate with Stephanian (A), B and C, whereas 
in fact it could well prove to be more extensive if the right habitat is 
represented in the sedimentary record. This appears to be the case for 
the marine sediments at Inguanzo, which carry an allochthonous assem
blage of plant fossils representing the coal swamp as well as the hill 
slope flora. 

IV. MIOSPORES (E. Spinner) 

Preparations of miospores assemblages were obtained from strata 
at localities numbered 1937, 1947, 1948, 1949 (see text-fig. 2). The 
rock material was treated with hydrochloric acid and hydrofluoric acid 
in order to remove the carbonate and silicate elements, and this was 
followed by a slight oxidation of.the remaining organic matter by using 
diluted nitric acid. No alkali was used during the preparation. Compo
site mounts were made with canada balsam, and a number of these 
mounts were scanned in order to establish the variety of composition 
present in the assemblages. The state of preservation of miospores was 
found to be variable. On some specimens evidence of the presence, or 
the remains of, some form of microbiological decay or destruction of 
the exine can be seen, as well as some small crystals of pyrite imbedded 
in the exine of some spores. However, many specimens in the assem
blages are sufficiently well preserved for identification to be made at 
the species level. 

In the samples studied, the dominant constituents are species of 
Florinites and small forms of Lycospora. The preservation of these 
elements is not good, and no satisfactory identification at the species 
level has been possible. The occurrence of these genera, particularly 
Florinites, as dominant elements might be expected as the rock material 
sampled were marine mudstones. Florinites is known to be common in 
marine shales and mudstones of the Carboniferous (Neves 1958). 
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TABLE II. - Occurrence of miospores in the upper Cantabrian 
strata near Inguanzo, eastern Asturias. 

Localities 1937 1947 1948 1949 

Ahrensisporites cf. minutus + + + 
Apiculatisporis sp. + + 
Crassispora kosankei + + 
Densosporites sp. + + + 
Dictyotriletes camptotus? + 
Florinites sp. + + + 
Granulatisporites granulatus + + + 
Laevigatisporites sp. + 
Leiotriletes sphaerotriangulus + + + 
Lophotriletes microsaetosus + + 
Lycospora sp. + + + 
Punctatosporites sp. + + + + 
Punctatosporites granif er + + + 
Punctatosporites rotundus + + 
Punctatosporites minutus + + 
Raistrickia sp. + 
Speciososporites minor + + 
Spinosporites spinosus + + + 
Stellisporites inflatus ? + 
Thymospora obscura + + + 
Thymospora pseudothiessenii + + + 
Torispora sp. + + + 
Triquitrites bransonii + 
Triquitrites mamosus ? + 
Triquitrites minutus + 
Triquitrites tripartitus + + 
Triquitrites cf. sculptilis + + 
Triquitrites sp. + + + + 
W estphalensisporites irregularis ! + + 
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Other constituents of the spore assemblages are well preserved 
and the following species have been recognised : Ahrensisporites cf. 
minutus Alpern 1958, Apiculatisporis sp., Crassispora kosankei 
(Potonie & Kremp) Bharadwaj 1957 emend. Smith & Butterworth 
1967, Densosporites sp., Dictyotriletes camptotus? Alpern 1958, Flori
nites sp., Granulatisporites granulatus Ibrahim 1933, Laevigatosporites 
spp., Leiotriletes sphaerotriangulus (Loose) Potonie & Kremp 1955, 
Lophotriletes microsaetosus (Loose) Potonie & Kremp 1955, Lycospora 
spp., Punctatosporites spp., Punctatosporites granifer Potonie & Kremp 
1956, P. rotundus Bharadwaj 1957, P. minutus Ibrahim 1933, Raistric
lda sp., Speciososporites minor Alpern 1958, Stellisporites inflatus? 
Alpern 1958, Thymospora obscura (Kosanke) Wilson & Venkatachala 
1963, T. pseudothiessenii (Kosanke) Wilson & Venkatachala 1963 
(synonyms : T. verrucosa, T. perverrucosa, T. cingulatoides of Alpern 
1958), Torispora spp. (probably forms of Thymospora), Triquitrites 
bransonii Wilson & Hoffmeister 1956, T. mamosus? Alpern 1958, T. 
minutus Alpern 1958, T. tripartitus Alpern 1958, T. cf. sculptilis 
(Balme) emend. Smith & Butterworth 1967. Westphalensisporites 
irregularis? Alpern 1958. The distribution of species is shown .in 
Table II. 

Some additional forms probably represent new taxa, but insuffi
cient numbers have been found at present to justify a formal description. 
Consideration of the list of species points to the preponderance of the 
small monolete Punctatosporites - Thymospora group which is also 
numerically abundant. Among the accessory spores of the assemblages, 
it is noticed that the small forms of Triquitrites are abundant. These are 
also quite variable. No differences were found between the individual 
assemblages sufficient to justify any stratigraphic subdivision of the 
strata sampled. 

Many of the accessory species were first recorded by Alpern (1958) 
from the coalfields of central France and Lorraine. Triquitrites minutus, 
T. tripartitus, Ahrensisporites cf. minutus, Stellisporites inflatus, Tori
spora spp. and Speciososporites minor were recorded as Westphalian D 
elements, whilst Spinosporites spinosus and the coarsely ornamented 
forms of Thymospora (i.e. T. cingulatoides, T. verrucosa and T. per
verrucosa, recorded in the species list above as T. pseudothiessenii) 
were considered to be Stephanian elements. 

In Great Britain, M.A. Butterworth and colleagues (Butterworth 
& Millott 1960, Smith & Butterworth 1967) recognised the value of 
the Punctatosporites-Thymospora group of miospores for indicating 
a late Upper Carboniferous age. Butterworth et al. generally equated the 
occurrence of Thymospora as indicating strata not older than Westphal
ian D (V errucososporites obscurus Zone of Butterworth & Millott 
1960, Thymospora obscura Assemblage XI of Smith & Butterworth 
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1967). These conclusions were based upon studies of the Midland, 
South Wales, Bristol-Somerset and Forest of Dean coalfields of Great 
Britain. It should be noted that the assemblages recorded here do not 
contain many of the characteristic accessory spores as recorded by 
Butterworth et al. For instance, the following species are all lacking : 
Mooreisporites inusitatus Neves 1958, Schopfites dimorphus Kosanke 
1950, Cadiospora magna Kosanke 1950, Triquitrites spinosus Kosanke 
1950, Alatisporites trialatus Kosanke 1950, Vestispora laevigata Wilson 
& Venkatachala 1963. Also to be noted is the apparent absence of 
small Triquitrites, e.g. T. minutus, T. tripartitus, and the genera Spino
sporites and Speciososporites in the Thymospora obscura Assemblage XI 
of Smith & Butterworth, whereas these forms do form part of the 
assemblages recorded here. However, T. minutus and T. tripartitus 
are known from the higher seams in the Forest of Dean succession, 
i.e. from the Household Coals which are regarded as being of upper 
Westphalian D age (Spinner 1965 and unpublished thesis). 

The differences noted above suggest that the present assemblages 
cannot be considered entirely characteristic of the Thymospora obscura 
Assemblage XI as defined by Smith & Butterworth. They are apparently 
a little younger than this assemblage zone and, therefore, a little younger 
in age than Westphalian D. Alpern & Liabeuf (1966, p. 169, fig. 4), 
working in the Lorraine coalfield of France, claimed that a regression 
of Thymospora obscura, Torispora verrucosa and T. securis can be 
recognised, at the same time as the appearance of Triquitrites mamosus, 
at the boundary between Westphalian D and Stephanian A. This would 
be followed by the abrupt appearance of Thymospora perverrucosa. 
In a later paper on the spore floras of the Saar-Lorraine coalfield, 
Alpern et al. (1967, figs 2,4) found the base of the Stephanian to be 
marked by the incoming of Thymospora perverrucosa, Torispora per
verrucosa, Triquitrites mamosus, Punctatosporites rotundus and Punc
tatisporites obliquis? Since P. rotundus and P. obliquis are, in fact, also 
recorded from Westphalian D rocks, Alpern et al. 's major criterion for 
the base of the Stephanian would lie with the incoming of T. mamo
sus, T. perverrucosa and T. perverrucosa. The former is a little known 
species recorded by Bharadwaj (1957) from the Stephanian of the 
Saar, and the latter two species are not widely recognised by other 
palynologists. For instance, Wilson & Venkatachala (1963) and Smith 
& Butterworth (1967) considered both species to be junior synonyms 
of Thymospora pseudothiessenii (Kosanke) Wilson & Venkatachala 
(see list of species quoted above). If this view is accepted, the value 
of Alpern's criterion for delimiting the base of the Stephanian is de
creased, for Thymospora pseudothiessenii is known to occur frequently 
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in the Thymospora obscura Assemblage XI (see Smith & Butterworth 
1967, p. 292). 

The present writer is prepared to accept the point of view that 
there is not yet sufficient evidence of changes in miospore assemblages 
for clearly distinguishing lower Stephanian from uppermost Westphalian 
D (as based on the record in Saar-Lorraine). A more detailed study of 
the coarsely ornamented forms of Thymospora and of the small forms 
of Triquitrites will be necessary in order to obtain a better understanding 
of the variability of these forms and to assess their stratigraphic occur
rence in Upper Carboniferous strata. It has already been noted that the 
assemblages recorded here are different from those described by Butter
worth et al. for the Thymospora obscura Assemblage XI. Although the 
possibility of some, presently unknown, facies control cannot be exclu
ded, it seems likely that there is a difference in age. Alpern's work 
indicates that elements occurring in Westphalian D and in Stephanian A 
(as known from Saar-Lorraine) both occur in the assemblages obtained 
from the Inguanzo section. Unfortunately, the Stephanian A miospore 
assemblages are poorly characterised (see comments above). However, 
the Inguanzo spore assemblages, though younger than Westphalian D 
(as characterised by the Thymospora obscura Assemblage XI), are 
sufficiently similar to the Assemblage XI to warrant the assumption of 
a stratigraphic age near to that of the latter. 

V. GONIATITES (C. H. T. Wagner-Gentis) 

Although squashed goniatites are common in the Inguanzo section, 
the preservation is poor. Only three specimens can be tentatively iden
tified, on the basis of shape and ornamentation. No sutures have been 
preserved. 

cf. Eoasianites Ruzhencev (Pl. 33, fig. 40). The shape of this spe
cimen is globular, with a rounded venter. Ornament consists of lamellate 
transverse striae forming bundles of three on the raised umbilical edge ; 
thus giving the impression of fine nodes on the umbilical edge. Speci
mens of the same shape are common throughout the Inguanzo section. 

Aristoceras sp. (Pl. 33, fig. 41). Only one specimen of this kind 
was found near Inguanzo. It is disc-shaped, involute, and has a clearly 
marked double groove on the latero-ventral side. The grooves are well 
separated. 

Gen. et sp. indet. Fam. Neodimorphoceratidae Ruzhencev & 
Bogoslovskaya 1969 (Pl. 33, fig. 42). This specimen is similar to 
Neodimorphoceras texanum (Smith), as shown by Ruzhencev & Bogo
slovskaya (1969, Pl. VI, fig. 3), and likewise possesses transverse orna
mental striae bifurcating at the umbilical edge. The shell was probably 
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rather flat and disc-shaped, with a very small umbilicus. The venter is 
not visible. 

Little stratigraphic information can be obtained from the genera 
mentioned above, apart from the fact that they are Upper Carboniferous 
in age. It may be noted, however, that Aristoceras has been recorded by 
Ruzhencev (1950) from Upper Carboniferous strata in the Russian 
sense. 

VI. FURTHER MARINE FAUNA (D. G. Jones) 

The fauna, although not abundant, is moderately well preserved. 
In the majority of forms material remains, but there is often consider
able distortion due to post-depositional compaction. Many bivalves 
and brachiopods have both valves articulated and in some spiriferoids 
even traces of the delicate internal spiralia remain. Fenestellid bryozoan 
fronds are large and, like the bivalves and brachiopods, show little evi
dence of transport over distance. Apart from the orthocones and gonia
tites the fauna is benthonic. Identification of many elements of the fauna 
is possible to generic level. Although many genera are confined to the 
Upper Carboniferous, most are long ranging and cosmopolitan in 
geographic distribution. Thus, they do not provide detailed correlation 
with other faunas at the same stratigraphic level in the Tethyan area 
or with the Upper Moscovian and Kasimovian successions in the 
U.S.S.R. The forms present are the following (locality numbers corres
pond with those in the columnar log of text-fig. 2) : 

Composita sp. 1942, 1944, 1947, 1949. 
Rugosochonetes sp. 1945. 
Kozlowskia sp. 1942. 
Aviculopecten sp. 1937, 1945, 1949. 
Cosmetodon (Grammatodon) sp. 1944. 
Palaeoneilo sp. 1937, 1945. 
Retispira (Bucaniopsis) sp. 1933, 1944. 
Glabrocingulum sp. 1945. 
Fenestella sp. 1945. 

Also ostracodes, turretted gastropods, trilobite pygidia, crinoidal 
ossicles - indeterminate. 

CONCLUSIONS 

The marine faunas collected are generally inconclusive as to a 
precise stratigraphic age, but the presence of the goniatite Aristoceras 
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seems to indicate the Upper Carboniferous in the Russian sense, i.e. 
Kasimovian or Gzhelian. 

The plant macrofossils are more indicative. There are a number of 
characteristic Stephanian elements in the total assemblage, e.g. Neuro
pteris planchardi, Reticulopteris germari, Callipteridium gigas and 
Sphenophyllum oblongifolium. The first two mentioned have generally 
been recorded from late Stephanian strata, but may be elements of a 
hill slope flora which is not usually found below Stephanian B, even 
though the total range is likely to be more extensive. Sphenophyllum 
oblongifolium is regarded as appearing for the first time in upper 
Cantabrian. Together with these Stephanian species occur Neuropteris 
scheuchzeri and the type variety of Neuropteris ovata, which indicate 
Westphalian D and Cantabrian. Apart from two debatable occurrences 
of Neuropteris scheuchzeri, as reported in the literature (see comments 
on pp. 4 71-4 72), this species does not seem to occur above the upper 
Cantabrian in Northwest Spain. The concurrent ranges of the various 
plant macrofossils in the Inguanzo section thus indicate fairly unequi
vocally an upper Cantabrian age. 

The plant microfossil assemblages are less conclusive with regard 
to a stratigraphic age. The miospores show an assemblage which is 
characterised by Thymospora, Punctatosporites and small Triquitrites; 
an association of forms which occurs in late Westphalian and early 
Stephanian strata. The presence of Thymospora obscura suggests the 
spore zone of the same name (Assemblage XI of Smith & Butterworth 
1967) which is regarded as characteristic for Westphalian D. However, 
the presence of several small forms of Triquitrites and the absence of 
the larger Triquitrites (e.g. T. spinosus (Kosanke)), tend to indicate an 
age younger than Westphalian D. Unfortunately, the present level of 
knowledge on spore floras does not permit to identify the horizon more 
exactly, and we do not feel justified in identifying the Inguanzo assem
blages with Alpern's Stephanian A microflora (see comments on 
pp. 480-481). 

It thus appears that the plant macrofossils provide a more exact 
stratigraphic dating of the Inguanzo section than the miospores. 
Whether this is simply a matter of recording (i.e. the macrofossils have 
been more extensively studied than the microfossils in Northwest Spain) 
is conjectural. 

Among the most abundant spores in the Inguanzo section are 
Florinites and Lycospora. Particularly, the former is characteristic of 
marine strata. Similarly, among the plant macrofossils one finds a pre
dominant occurrence of Linopteris neuropteroides. In the latter case 
the predominance of this particular plant fossil is most probably due 
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to resistance to comminuting in water transport which would break up 
most other plant remains. On the other hand, the dominant presence 
of Florinites has been ascribed to the incorporation of « upland » (hill 
slope) floral elements in marine strata (Chaloner 1958). The presence 
of the macroscopic remains of Neuropteris planchardi and Reticulo
pteris germari has also been explained in this manner. 

The rhythmically deposited strata of the upper Cantabrian at 
Inguanzo probably represent a condensed sequence which may have 
been formed in a shallow sea off the Cantabrian Block. 
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The stratigraphic succession, 
flora and fauna of Cantabrian 

and Stephanian A rocks at Barruelo 
(prov. Palencia), N.W. Spain 

R.H. WAGNER 1 & C.F. WINKLER PRINS 2 

With 4 text-figures, 3 plates in the text (I-III) and plates 34-38. 

ABSTRACT. 

A succession of some 1850 m of middle and upper Cantabrian rocks, followed 
by 800 m of conformable Stephanian A measures, is described from the region 
of Barruelo de Santullan in the province of Palencia (Northwest Spain), and 
its floras and faunas are discussed. The middle Cantabrian rocks rest discon
formably on Upper Moscovian limestone, exposed near the village of Brafiosera. 
They consist of paralic, shallow marine, turbiditic and further shallow marine 
deposits, assigned to the Brafiosera Formation, and alternating paralic coal
measures and shallow marine strata, assigned to the Barruelo Formation (text
fig. 3). Several members are distinguished. The usage of lithostratigraphic 
units is discussed (text-fig. 4). 

Brachiopod faunas are discussed for both the Brafiosera and Barruelo Form
ations. They generally indicate a Kasimovian age, but the poor, rather incom
plete faunas of the Barruelo Formation may perhaps be younger. On floral 
evidence the same rocks correspond to middle to upper Cantabrian and Stephan
ian A. Elements of the brachiopod fauna are discussed and partly illustrated 
(plates 36-38). An upper Cantabrian flora from marine rocks in the Brafiosera 
Formation is figured and described (plates 34-35). 

The structural features of the Barruelo coalfield are discussed and a succes
sion of tectonic events for the Asturian phase of early Stephanian B age has 
been established. Text-figure 1 gives the results of detailed mapping in the 
Barruelo coalfield, and text-figure 2 illustrates its geological structure. Plates 
I-III illustrate features of the structure and stratigraphy of this coalfield. 

1 Department of Geology, The University, St. George's Square, Sheffield l, 
England. 

2 Rijksmuseum van Geologie .en Mineralogie, Hooglandsche Kerkgracht 17, 
Leiden, the Netherlands. 
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RESUME. 

Quelques 1850 m de roches appartenant aux Cantabrien moyen et superieur 
sont suivies en concordance par 800 m de couches du Stephanien A dans le 
flanc renverse d'un synclinal isoclinal dans la region de Barruelo de Santullan, 
province de Palencia, Espagne. La sequence cantabrienne commence localement 
avec un gres a base ravinante sur un calcaire a fusulines du Moscovien supe
rieur (Myatchkovien) qui affleure dans le rfo Rubag6n pres du village de 
Brafiosera. II y manque une serie importante qui est d'ailleurs connue plus au 
nord dans la meme province de Palencia. La sequence du Cantabrien moyen 
comporte des murs a radicelles altemants avec des couches marines, y compris 
des calcaires, dans sa partie inferieure. Ensuite, la serie devient totalement 
marine, avec un important niveau a coqui\les de Brachiopodes, Lamellibranches, 
etc. dans la localite 97 (voir figure 3 dans le texte). Plus haut dans la serie, 
il y a un developpement remarquable de turbidites, prouvant ainsi la subsidence 
rapide du bassin. Cette etape est suivie par un remplissage progressif du 
bassin par des couches marines de mer peu profonde, avec des banes calcaires a 
Brachiopodes, Eponges, Coraux et des organismes perforants, ainsi que des 
schistes et gres a ripplemarks. Ce remplissage aboutit a des murs a radicelles 
et aux cinq couches de charbon du faisceau de Pefiacorba (figure 3 dans le 
texte). Avec le commencement du fades continental, a couches de houille, 
nous voyons une limite susceptible d'etre cartographiee, et nous y mettons 
la separation entre la formation de Brafiosera, marine, et la formation de 
Barruelo, paralique. Celle-Ia rnontre encore un retour du facies entierernent 
marin avec deux de ces rnembres (Lorna et Polvorin : voir la figure 3 dans 
le texte), tandis que les trois autres membres (Pefiacorba, Carboneros et Calero) 
sont des faisceaux houillers paraliques. 

Meme dans les faisceaux houillers on trouve des faunes marines variees (a 

Brachiopodes, Crinoides, Larnellibranches, Gastropodes, Trilobites, Ostracodes, et, 
dans une localite assez haute dans le faisceau de Calero, des Fusulines et des 
Algues). Les Brachiopodes ont ete l'objet d'une etude par l'un de nous (C.F.W.P. 
- voir planches 36-38) et sont comparables a ceux du Kasirnovien (Gzhelien 
inferieur) de la Russie et des Alpes. Dans la partie superieure de la formation 
de Brafiosera une seule localite a plantes a ete trouvee (planches 34-35). D'autre 
part, les faisceaux houillers de Pefiacorba, des Carboneros, et de Calero ont 
des flares abondantes qui sont attribuables au Cantabrien superieur et au 
Stephanien A (d'apres les recherches de R.H.W.). 

La formation de Barruelo montre le remplissage progressif, rnais intermittant 
du bassin, avec des facies sublittoral, littoral, fluviatile et marecageux. Un 
horizon a plusieurs niveaux de schistes noirs a Phyllopodes (Leaia baentschiana) 
qui sert d'horizon guide, y ajoute le facies lacustre. Dans la partie superieure 
du faisceau de Calero il y a plusieurs lentilies irnportantes de conglomerats 
quartziteux qui montrent le commencement des mouvernents orogeniques abou
tissants a la phase asturienne, d'age probablement Stephanien B inferieur. Le 
plissernent intensif de la phase asturienne y forrnait un synclinal isoclinal, casse 
dans sa chamiere et chevauche vers le sud-ouest, le flanc inverse broyant le 
flanc normal. A la fin de la phase tectonique i1 y a eu vraisemblablement 
une etape de decompression qui a donne des failles directes par lesquelles 
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le flanc normal, chevauche, a remonte (ou le flanc inverse, chevauchant, 
abaisse, ce qui est plus probable). Maintenant, Ia zone a failles directes limite 
le faisceau de Calero au toit, et forme une faille bordure pour le bassin 
minier. Cette faille bordure est encore coupee par des failles obliques qui, 
ensemble avec le reste de la structure asturienne, ont ete couvertes en discor
dance totale par le Stephanien B continental et post-orogenique (a conglomerats 
puissants) de la formation de la Peiia Cilda. La structure du bassin est illustree 
par la coupe de la figure 2 dans le texte. Elle est aussi visible sur la carte de 
la figure 1. Des roches triassiques couvrent !'ensemble des formations du 
Cantabrien, Stephanien A et Stephanien B, en discordance fortement angulaire 
(planches I et II). 

I. INTRODUCTION 

The initial investigations of the late Upper Carboniferous deposits 
in the vicinity of Barruelo de Santullan by the first writer (in Wagner 
& Wagner-Gentis 1952 ; Wagner 1955 : see also Wagner & Wagner
Gentis 1963) were followed in 1965 and 1966 by more detailed investi
gations carried out on behalf of the mining company « Minas de Ba
rruelo S.A. ». In the course of this work a detailed section was measured 
by the first writer through rocks of the Carboneros, Polvorin and 
Calero Members of the Barruelo Formation (as defined later in this 
paper). These were exposed, partly by trenching, in the vicinity of 
Barruelo and of Helechar, along the level of the old railway. Further 
sections in the Barruelo region were measured by Mr. F.J. Villegas, 
in collaboration with the first writer. They provided the basis for seam 
correlations as expressed on the map of text-fig. 1. These sections also 
showed the presence of numerous small strike faults eliminating approx
imately 15 % of the stratigraphic thickness, and the general section 
of text-fig. 3 represents a compilation of information derived from the 
correlation of various sections. New collections of flora and fauna 
from these sections augmented the existing records substantially. 

The second writer has since had an opportunity to examine certain 
marine faunas from the total succession, and to make more detailed 
collections from various localities during the summer of 1968. 

The first writer wishes to express his appreciation of the good work 
done in the Barruelo region by Mr. F. J. Villegas. The detail of the 
correlations established with the aid of his work will be reported in a 
separate paper. He is also indebted to Mr. J. Fernandez-Peno for the 
plant fossils which were collected from loc. 1705 in the Rubag6n river 
(figured on pls 34, 35). Technical facilities at the University of Sheffield 
are gratefully acknowledged. 
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The second writer gratefully acknowledges facilities in the Rijksmu
seum van Geologie en Mineralogie in Leiden, where the brachiopod 
faunas were studied. 

The writers are also grateful to Dr. M.J.M. Bless for the identification 
of ostracode genera, and to Dr. H.G. Reading for sedimentological 
information. 

II. GEOLOGICAL SETTING (R.H. Wagner) 

The coalfield of Barruelo de Santullan is situated in the overturned 
flank of a N.W.-S.E. striking isoclinal syncline of large dimensions, 
which can be followed 24 km along the strike until it passes underneath 
the unconformable Permo ?-Triassic rocks of Monte Terena (text-fig. 1, 
pl. I) where coal-mining has proved a further extension of 3 km. Some 
part of the crop of the syncline is obscured by unconformable Stephan
ian B, followed by unconformable Trias in the region northwest of 
Barruelo (see the general map in Wagner 1960 and in de Sitter & 
Boschma 1966). The synclinal axis plunges generally to the southeast, 
so that the youngest rocks in this structure are only present in the 
Barruelo region. These contain the coal seams of the Calero Member 
which have been worked for 13 km along the strike in the mines of 
Barruelo and Vallejo de Orb6. Even within the Barruelo coalfield 
(text-fig. 1, pl. I), younger rocks gradually appear in the core of the 
syncline in a south-eastern direction, i.e. in the general vicinity of 
Vallejo de Orb6. 

The syncline is reasonably complete at its northwestern tip, but in a 
southeastern direction there is a progressive elimination of the south
western flank by strike faulting. In the Barruelo area this faulting has 
progressed sufficiently to suppress virtually all of the south-western 
flank. The nature of the faulting has only become apparent after more 
detailed mapping in combination with trenching and the examination of 
two cross-cuts in the Calero coal mine which had advanced into the 
faulted synclinal core. The mine workings indicated that the first faulting 
took the shape of parallel overthrusts by which the overturned flank of 
the syncline was pushed on top of a probably rather badly shattered 
normal flank. At a later stage, however, the overridden south-western 
flank was taken to a higher level than the less disturbed north-eastern 
flank by normal faulting which depressed the latter and thus reversed 
the effect of the thrusting. Text-fig. 2 combines the surface and sub
surface information on the boundary fault of the Barruelo coalfield, 
which separates the relatively undisturbed north-eastern flank of the 
syncline from its faulted core and remnants of the south-western flank. 
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It shows the complex nature of the boundary fault which should really 
be regarded as a fault zone, with a number of normal faults cutting 
through the thrust fault which originally separated the overriding, 
overturned north-eastern flank from the overridden normal flank. The 
remnants of the normal, south-western flank are most diverse, and 
include rocks which are stratigraphically well below the succession in 
the north-eastern flank. The detailed mapping along the boundary fault 
has revealed the presence of slivers of strata of various ages, ranging 
from Lower Devonian (Siegenian) to Upper Carboniferous (see text
fig. 1). For a better understanding of the diverse nature of these various 
remnants of the highly fragmented south-western flank of the syncline, 
it will be necessary to discuss briefly the total stratigraphic succession 
of Palaeozoic rocks in the Barruelo area. 

A generalised stratigraphic column to the scale of 1 :40,000 has been 
provided with the map of text-fig. 1. It shows the oldest rocks in the 
area to consist of sandstones which, together with some underlying 
shales and quartzites, have been referred to the Silurian ranging into 
Gedinnian. These are followed by bedded limestones of Siegenian age. 
Emsian marls and nodular limestones with goniatites are known from 
a single locality in the general vicinity, and these apparently inaugurate 
a regime of condensed sedimentation which is characterised by Posi
donia shales of Givetian, Frasnian and Famennian ages. However, evi
dence for Eifelian rocks has not yet been found in this area, and the 
reconstruction of the stratigraphic column is generally complicated by 
the presence of nappe structures and a large degree of fragmentation of 
autochthonous rocks. It is also likely that a distinction should be made 
between autochthonous and allochthonous facies of Devonian rocks. 
This distinction has not been fully taken into account, although mainly 
autochthonous strata have been used for the reconstructed stratigraphic 
column. 

Within the Posidonia shales a large development of sandstones (Mora
dillo Sandstone Formation) occurs in the high ridge west of Barruelo 
de Santullan. Intercalated black shales with Posidonia sp. and Aulator
noceras bicostatum (Hall) show the Frasnian age of this formation. A 
preceding development of shales with a single, wedging horizon of lime
stones has been dated on goniatites (Tornoceras) as Frasnian, whilst an 
earlier development of Posidonia shales proved to be of probable Givet
ian age (also on the basis of goniatites identified by C.H.T. Wagner
Gentis). 

A short section of Famennian rocks near Revilla, south-west of 
Barruelo de Santullan, has shown the presence of Posidonia shales 
below a nodular limestone with Upper Famennian clymenids and go
niatites (Verbios Formation of Wagner & Wagner-Gentis 1963, or 
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Vidrieros Formation of van Veen 1965). This limestone, which is only 
a few metres thick, is followed by 5 m of marls and sandstones succeeded 
by 14 m of quartzitic sandstone and 3 m of silty shales with chert. It 
is possible, though unproven, that the top part of this succession 
reaches into the Lower Carboniferous. 

The first undoubted Lower Carboniferous rocks consist of 16 m of 
nodular limestone, representing the entire Visean, and lying unconform
ably on Devonian. They are followed by another 5 m of nodular 
limestones with lower Namurian goniatites (Wagner-Gentis 1963). A 
low-angle unconformity separates these rocks from massive limestones 
with a benthonic fauna which includes fusulinids of lower to middle 
Bashkirian age (van Ginkel 1965). A limestone higher in the succession 
yielded lower Moscovian (Vereyan) fusulinids to van Ginkel (1965). 
They are overlain by a sandstone/shale. formation (Carmen Formation 
of Wagner & Wagner-Gentis 1963 = lower part of Molino Formation 
of Frets 1965), of Westphalian age, which cuts through different hori
zons of the earlier Carboniferous succession by a low-angle unconform
ity (and not a highly angular unconformity as is suggested by the map 
published by Frets 1965, and by de Sitter & Boschma 1966 - see 
comments by Wagner 1966d). 

The whole succession from Silurian to Lower Moscovian/Lower 
Westphalian has been intensely folded during the Palentian phase in 
mid-Westphalian times, as the result of which thrust isoclines and 
nappes were formed in northern Palencia. A post-orogenic conglomerate 
formation is known in the Los Cintos Syncline at some 20 km west of 
Barruelo (see the map published by de Sitter & Boschma 1966). It 
contains a fossil flora of upper Westphalian B age (Wagner 1960, 
1966•). 

Unfortunately, there is a lack of continuity with the succession that 
follows, and which is developed most completely near San Cebrian de 
Muda, some 8 km west of Barruelo. The lowest beds in this succession 
rest on a relatively shallow dipping thrust plane (see the general map in 
Wagner 1960) and contain Moscovian faunas. Massive sandstones with 
drifted plant remains are developed at 600 to 900 m above the faulted 
base, and these have yielded some identifiable plant remains of early 
Westphalian D age. Approximately 300 metres higher in the succession 
occur the coals of San Cebrian which also date as lower Westphalian D 
(Wagner 1955). The Cotarraso limestone above these coal-measures 
contains abundant faunas which, according to van Ginkel (1965), date 
as Upper Moscovian, either late Podolskian or early Myatchkovian. 
Even higher in the succession comes the Sierra Corisa Limestone which 
is regarded as probable Myatchkovian by van Ginkel (1965). 
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Above this limestone an important disconformity is developed in the 
Barruelo region, with the absence of at least 2,100 metres of strata 
developed elsewhere in northern Palencia. This disconformity can be 
related to the orogenic movements of the Leonian phase which pro
duced folds and a strongly angular unconformity in the north-eastern 
part of the province of Leon. 

Shallow marine deposits with a few intercalated root beds occur in 
the lower part of succeeding strata, but renewed subsidence soon pro
duced a basin slope with corresponding turbidite deposits. A single 
flora in the top part of the turbidite sequence shows the presence of 
Stephanian elements in an assemblage of probably upper Cantabrian 
age (pis. 34, 35). Brachiopod faunas are attributed to the Kasimovian. 
Above the turbidite beds a more shallow marine succession developed 
and eventually, coal-measures occurred at intervals between marine 
deposits. The Pefiacorba coals are still regarded as upper Cantabrian 
in age, but a standard Stephanian A flora is found from the Carboneros 
beds onwards. Probable Kasimovian faunas are still encountered in 
marine beds alternating with the Calero coals. 

The whole succession of strata from upper Westphalian B to Ste
phanian A, some 5,300 metres thick in the Barruelo region, was folded 
in early Stephanian B times. This dating of the Asturian folding phase 
follows from the fact that Stephanian A beds are involved in the folding, 
whereas middle Stephanian B rocks overlie these unconformably 
(pl. II). 

PLATE II. - A view up the valley north-west of Barruelo and Helechar which 
has been taken from the site of the Calero Colliery. It shows the outcrops of 
steeply dipping Stephanian A (Calero Member) being overlain unconformably 
by disharmonically folded Stephanian B (Pena Cilda Formation) and by Triassic 
rocks, the latter being unconformable to both. Near the Petrita coal mine 
(indicated by a coal tip) the quartzite conglomerates accompanying seams IV 
and II are visible as prominent bands. The position of seam V of the Calero 
Member in this area is indicated by the large tip on the hill slope on the 
right. Its presence and that of seams VI, VII and VIII has been established 
by trenching. 

The Barruelo Boundary Fault lies south of seam II, and its position is 
indicated by dashed lines accompanied by the word FAULT. This fault, together 
with the entire succession of coal seams, has been displaced to the north by 
the Venones Fault (see text-fig. 1), and this is clearly shown by the different 
position of the coal seams immediately below the unconformable Stephanian B 
and Triassic. 

In the immediate foreground a large block of limestone is visible. It lies 
close to the pithead and gave the Calero Colliery its name (since a limekiln 
was formerly established here). This limestone slipped down the steep mountain 
slope on the left and, in its present position, is a superficial deposit. 
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The strongly angular nature of the unconformity is immediately 
apparent from the map (text-fig. 1) and is also clearly expressed in 
the section of text-fig. 2. A full sequence of tectonic events can be 
established for the Asturian phase in the Barruelo region, and it is 
interesting to reflect on the brief time span involved for a whole 
succession of movements. First of all the Cantabrian and Stephanian A 
rocks were folded into an i~oclinal syncline. Then, the overturned, north
eastern flank was thrust upon the normal, south-western flank. Sub
sequent normal faulting depressed the overriding north-eastern flank to a 
level below that of the fragmented, overridden south-western flank. The 
latter now appears as a number of thin strips of rocks of different ages 
limited by faults. The overridden normal flank of the syncline shows 
the presence of post-Palentian rocks in close proximity to pre-Palentian 
strata which have been so strongly faulted as to have lost the original, 
strongly angular unconformity between the two sequences. The Stephan
ian A beds of the Calero coal-measures and the fault zone forming the 
boundary with the shattered south-western flank of the syncline are both 
affected by a number of faults oblique to the strike of the beds and 
to that of the normal faults. They appear to be mainly strike-slip faults, 
possibly forming a conjugate set with roughly east-west and north
south directions. These faults have had a strong effect on the coal 
mining, providing natural boundaries to mining areas and generally 
confusing the nomenclature of coal seams which were not always cor
rectly identified on the other side of a fault. The various mining areas 
are known, from north-west to south-east, as the Zona de los Venones, 
Zona Rica, Zona Media, Zona de Peragido, and Zona de Vallejo (see 
text-fig. 1). As is natural in these cases, the nomenclature generally 
reflects the extent of workability of the coal seams. Although this may 
give the impression that the oblique faults had something to do with 
the quality of the coal seams in these various mining areas, this is 
probably not the case. The detailed investigation of the Calero coal
measures has shown that the workability of the seams was mainly con
trolled by small scale thrusting within the overturned, north-eastern 
flank of the syncline. In those areas where the main effect of the thrust
ing was accommodated by the rock intervals between coal seams, the 
latter were found to be generally unaffected and the mining zone the 
most productive. This is the case for the Zona de los Venones, which 
is the richest mining area, even though the number of coal seams in 
this area is less than that formed originally in other areas, such as the 
Zona Media and the Zona de Peragido. 

The important oblique fault, which separates the Zona de los Ve
nones from the Zona Rica, i.e. the Venones fault zone, is overlain by the 
unconformable Stephanian B rocks without affecting the latter. There
fore, the entire sequence of isoclinal folding, thrusting, normal faulting 
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and oblique, strike-slip faulting has to be placed in a single, Asturian, 
folding phase, which occurred after the Stephanian A beds were deposit
ed and before the unconformable Stephanian B rocks were laid down. 
The same time span, which occupies only the earlier part of Stephanian 
B in this area, saw the uplift and erosion of the structures formed. 

The strongly unconformable Stephanian B rocks of the Pena Cilda 
Formation consist of alternating coal-measures and badly sorted, post
orogenic conglomerates. They are entirely of continental facies ; thus 
providing a marked contrast with the largely marine Cantabrian and 
Stephanian A rocks underneath. 

Post-Stephanian folding, uplift and erosion were responsible for 
another strongly angular unconformity with continental Permo?-Triassic 
deposits which form the basal beds of a full Mesozoic sequence devel
oped in the provinces of Santander and Burgos. 

III. STRATIGRAPHIC SUCCESSION IN THE BARRUELO SYN
CLINE (R.H. Wagner & C.F. Winkler Prins) 

The oldest rocks in the overturned, north-eastern flank of the Barrue~ 
lo Syncline crop out in the Rubag6n river, near the village of Brafiosera 
(text-fig. 1). They consist of a succession of limestones which contain 
certain bands rich in fusulinid foraminifera. Samples of the fusulinid 
limestones were made available to A.C. van Ginkel (1957, 1965), who 
recorded an assemblage of Upper Moscovian (Myatchkovian) age. These 
limestones were referred to in the literature as the Brafiosera Limestone, 
but they are the probable equivalent of the Sierra Corisa Limestone 
mentioned in the stratigraphic column of text-fig. 1. 

The top of this limestone succession is marked by an erosional sur
face which has been fossilised by a relatively coarse sandstone, 0.30 m 
thick, with abundant drifted plant stems. A single pinnule, probably 
belonging to N europteris scheuchzeri Hoffmann, has also been found. 
Above the disconformable sandstone a <thickness of 1.30 m of silty 
mudstone has been recorded, and this is followed by 0.02 m of silty 
mudstone with rootlets. Mudstones with brachiopods, calcareous lutites, 
silty seat-earths and sandstones follow at intervals in a total succession 
of less than 20 metres thickness before another limestone is reached. 
The latter does not apparently contain fusulinids and may represent 
a more shallow marine facies than the preceding BrafJ.osera Limestone. 

The disconformity between the BrafJ.osera Limestone and the overly
ing sandstone with drifted plant stems marks an important stratigraphic 
gap which recent investigations in northern Palencia tend to evaluate 
as being of the order of 2, 100 metres or morn. The same disconformity is 
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apparent near Herreruela, approximately 7! km west of Braiiosera, 
where the Sierra Carisa Limestone is overlain disconformably by a 
sandstone which is succeeded by a coal seam with marine roof shales. 
This coal seam can be traced westwards into one of the San Cristobal 
coals which show an associated flora of lower Stephanian age (Wagner 
& Breimer 1958). Recent collections made in the short succession with 
coals at the Monte de San Cristobal have augmented the earlier publish
ed assemblages. Altogether, the following species have been identified 
from this horizon (R.H.W. det.) : Neuropteris ovata Hoffmann var. 
ovata, Neuropteris sp., Cyclopteris fimbriata Lesquereux, Linopteris 
gangamopteroides (de Stefani), Callipteridium jongmansi (P. Bertrand), 
Alethopteris bohemica Franke, Alethopteris barruelensis Wagner, 
Dicksonites pluckeneti (von Schlotheim), Sphenopteris sp., Lobatopteris 
viannae (Teixeira), Lobatopteris sp. nov. (aff. corsini Wagner), Poly
morphopteris polymorpha (Brongniart), Pecopteris unita Brongniart, 
Pecopteris deltoidea Wagner, Alloiopteris cf. similis (Sternberg), Sphe
nophyllum guerreiroi Teixeira, Sphenophyllwn cf. emarginatum 
Brongniart, Annularia stellata (von Schlotheim), Annularia spheno
phylloides (Zenker), Calamites suckowi Brongniart, Calamites schutzei 
Stur, Asterophyllites sp., Lepidodendron cf. scutatum Lesquereux, 
Sigillaria brardi Brongniart. 

This assemblage shows a number of Stephanian elements, most no
tably Alethopteris bohemica and Lobatopteris viannae. The first species 
mentioned already occurs in Lower Cantabrian rocks (Wagner, Villegas 
& Fonolla 1969), but is exceedingly rare at this horizon. It becomes 
generally more common in higher Cantabrian rocks and persists into 
Stephanian A and B, where it is recorded frequently. Lobatopteris 
viannae is an infrequent element of Stephanian A, B and C floras, and 
its occurrence in the San Cristobal hill is the lowest recorded. Lepi
dodendron cf. scutatum refers to a species which is found throughout 
Stephanian A, B and Crocks in Northwest Spain, with more sporadic 
finds in Cantabrian rocks (e.g. in the lower Cantabrian type section 
described by Wagner et al. 1969). Together with these Stephanian 
elements a number of Westphalian species were found. Most important 
is the presence of the type variety of Neuropteris ovata. The latter 
changes into the var. grand'euryi at the horizon of upper Cantabrian 
rocks, and this would tend to indicate that the San Cristobal flora (and 
by inference the first disconformable rocks near Braiiosera) should be 
regarded as middle Cantabrian or older. Probably, a middle Cantabrian 
age should be accepted, in view of the Stephanian species mentioned, 
and also because of the presence of Alethopteris barruelensis which 
has been described from upper Cantabrian strata in the Barruelo region 
and which also occurs, more rarely, in Stephanian A (and lower B ?) 
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rocks. Callipteridium (Praecallipteridiwn) jongmansi ranges from upper 
Westphalian D to upper Cantabrian. Of particular interest is Spheno
phyllum guerreiroi which has been first described from late Westphal
ian D rocks in Portugal (Teixeira 1951), and which has been found in 
Spain in localities belonging to middle Westphalian D (Ablanedo and 
Grandiella in the region of Riosa, Central Basin of Asturias) and, most 
recently, in either late Westphalian D or lower Cantabrian deposits near 
Casavegas in northern Palencia. The occurrence of Sphenophyllum 
guerreiroi in the San Cristobal hill appears to be the highest on record. 

The San Cristobal coals and associated strata (partly marine), of 
middle Cantabrian age, are overlain by the Vafies limestones and 
further marine strata which, according to van Ginkel (1965), contaiu 
fusulinids of lower to middle and middle Kasimovian ages. 

In the Rubagon river section, near Brafiosera, the equivalent beds to 
the San Cristobal coal-measures are represented by the short sequence 
(20 metres) of disconformable sandstone and alternating marine and 
continental strata, already described, as well as by an overlying lime
stone followed by a sandstone with foresets, and by conglomerates and 
mudstones with two root beds (text-fig. 3). This correlation was first 
proposed by Wagner & Breimer (1958), and is based on a comparison 
between the succession in the Castillerfa and BarruelO Synclines. In 
both cases, a paralic facies with either coal seams or root beds is 
followed by a purely marine facies which is succeeded in turn by coal
measures, viz. the San Felices coals in the Castillerfa Syncline and the 
Pefiacorba coals in the Barruelo Syncline. These coals have an asso
ciated fossil flora of similar age (Wagner 1955). 

The absence of the San Cristobal coals in the Rubagon section, where 
only root beds were found at this horizon, is in agreement with the 
general tendency for Upper Westphalian and lower Stephanian (sensu 
lato) rocks in Northwest Spain to become progressively more marine 
in a south-eastern direction. 

Further upwards in the Rubagon section marine mudstones are found, 
with an occasional limestone band. The mudstones are often fossilifer
ous, and in loc. 97 (text-fig. 3) a rich marine fauna and flora was found 
in association with casts of « seeds » of land plants. The marine elements 
are quite varied and consist of brachiopods, lamellibranchs, gastropods, 
corals, bryozoa, crinoids (including a calyx), trilobites, sponges, ortho
cones, ostracodes and algae. Only the brachiopods have been identified 
(C.F.W.P. det., Table I) : Brachythyrina carnica (Schellwien), Plica
tocyrtia zitteli (Schellwien), Choristites fritschi (Schellwien), Martinia 
karawanica Volgin, Attenuatella aff. frechi (Schellwien), Karavankina 
paraelegans Sarycheva, « Horridonia » incisa (Schellwien) and Mesolo
bus sinuosus (Schellwien). B. carnica, P. zitteli, C. fritschi, M. karawa-
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area, giving the type sections of the Brafiosera and Barruelo Formations. 
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nica and M. sinuosus are all known from the « Spiriferenschicht » and 
from layer 6 of Schellwien in the Carnie Alps. On its fusulinid contents 
the latter is considered to be either uppermost Moscovian or lower 
Kasimovian in age (Passini 1963). Although the so-called Spiriferen
schicht is only known from scree material, it may well correspond to 
Schellwien's layer 6, since it contains the same brachiopods. C. fritschi, 
M. karawanica and M. sinuosus have been recorded from Kasimov
ian rocks of the U.S.S.R. C. fritschi also occurs in Upper Moscov
ian strata of the U.S.S.R. Karavankina paraelegans was first described 
from Upper Moscovian and lowermost Kasimovian strata in Kazakhstan 
(Sarycheva 1968). Attenuatella aff. frechi is closely comparable to 
Martinia frechi as described by Schellwien (1892) from Kasimovian 
rocks in the Carnie Alps. All the other species of Attenuatella are of 
Permian age (Armstrong 1968) and even though the present specimens 
of A. aff. frechi may not belong to Schellwien's species, of Kasimovian 
age, they undoubtedly represent a stratigraphically high element. «Hor
ridonia » incisa (Productus incisus of Schellwien 1900) was originally 
described from the lower Middle Permian (Trogkofel Limestone) of the 
Dolzanova Gorge in Yugoslavia, and was subsequently recorded also 
from Sakmarian deposits in the U.S.S.R. (Likharev 1937). Particularly, 
A. aff. frechi and H. incisa point to a Kasimovian age rather than Upper 
Moscovian. This appears to confirm the correlation between the lower 
part· of the Rubag6n section and that part of the Castilleria section 
which yielded fusulinid faunas of Kasimovian age to van Ginkel (see 
above). 

The mudstones of loc. 97 were apparently deposited in shallow 
water, as indicated by the fauna. A similar facies indication is given by 
the presence of limestone nodules with abundant algae at certain layers 
in the mudstone below the fossil locality. These layers follow upon a 
lens of fine conglomerate with quartz pebbles. 

The predominant mudstones are succeeded by a more sandy sequence 
of turbiditic facies which, at 220 m above loc. 97, has yielded a varied 
fauna of brachiopods, lamellibranchs, gastropods, bryozoa, crinoids, tri
lobites and ostracodes (loc. 5.17). The following brachiopods were iden
tified (C.F.W.P. det.) : Plicatocyrtia zitteli (Schellwien), Attenuatella 
aff. frechi (Schellwien), Karavankina paraelegans Sarycheva, « Horrido
nia » incisa (Schellwien) and Mesolobus sinuosus (Schellwien). This is 
the same association as recorded from loc. 97, with the exception of the 
larger species, and should also be assigned a Kasimovian age (Table I). 

Turbidites are largely developed in the next interval which contains 
two brecciated limestone bands. These strongly lensing deposits are 
regarded as having slid down a submarine slope (according to Dr. H.G. 
Reading - personal communication). The succeeding turbidites have 
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been studied by Nederlof (1960), and consist of sandy units with graded 
bedding (Nederlof's Rubag6n graded sandstone formation) and varied 
sole structures, alternating with mudstones. 

Near the top of the turbidite succession a quite varied assemblage 
of land plants was collected from a single bedding plane by Mr. J. 
Fernandez-Pella, who kindly made these available to the first author. 
These plant remains occurred together with marine lamellibranchs and 
obviously represent a drifted assemblage (lac. 1705 - see text-fig. 3). 
The following species have been identified (R.H.W. det., see pages 523-
531 and pls 34, 35) : Neuropteris planchardi Zeiller, Neuropteris sp., 
Linopteris neuropteroides (van Gutbier), Reticulopteris germari (Gie
bel), Callipteridium jongmansi (P. Bertrand), Dicksonites pluckeneti 
(van Schlotheim), Pseudomariopteris ribeyroni (Zeiller), Taeniopteris 
sp., Sphenopteris cf. mendes-correae Teixeira, Sphenophyllum cf. 
majus Bronn and Cordaites sp. This association is interesting in a 
number of respects. In the first place, it is remarkable that such a 
varied assemblage of land plants has drifted into a marine environment 
associated with turbidites, and has not been comminuted to the extent 
of becoming unidentifiable. Secondly, it shows the presence of a number 
of species which are more commonly recorded from intramontane, late 
Stephanian deposits in Central France. Neuropteris planchardi is a rare 
element which was only recorded in N.W. Spain from Stephanian B 
measures at La Magdalena (Almela 1951, p. 15 = 233) and in the 
Ciiiera-Matallana coalfield (Gomez de Llarena 1950, p. 77). Reticulo
pteris germari has been found sporadically in upper Cantabrian, Ste
phanian A and Stephanian Brocks in Northwest Spain (Wagner 1964b, 
1967), and Taeniopteris seemed to have its first appearance in Stephan
ian B strata. However, the three plants mentioned may well represent 
an unusual habitat for coal-measure floras. They are not commonly 
associated with coal seams, and are only found regularly in the intra
montane basins. It is quite possible that these are elements of flora 
living on hill slopes rather than in swamps. Since the stratigraphic 
dating of Carboniferous coal-measures relies to some extent on the 
assumption that a single habitat, i.e. the swamp environment, is normal
ly represented, the stratigraphic value of these probable hill slope 
elements should be regarded with reservation. Although N. planchardi, 
R. germari and Taeniopteris generally indicate a fairly late Stephanian 
age, these species may well possess a more extended range. A more 
reliable indication is given by Callipteridium jongmansi, Pseudomario
pteris ribeyroni and Dicksonites pluckeneti which point to an age at 
least as young as upper Westphalian D, and more likely Stephanian. It 
appears likely that lac. 1705, high in the turbidite beds of the Rubag6n 
river section, should be regarded as upper Cantabrian in age and 
certainly not older. 
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Above loc. 1705 the facies changes from turbiditic to a more shallow 
marine environment with sandstones showing ripplemarks throughout, 
mudstones with crinoids, lamellibranchs and gastropods, and limestones 
containing corals (e.g. Chaetetes), brachiopods, crinoids and sponges as 
well as evidence of burrowing organisms. Some brachiopods in these 
limestones were provisionally identified by C.H.T. Wagner-Gentis (in 
Wagner & Wagner-Gentis 1952, p. 307), and referred to Westphalian 
B. This age attribution was withdrawn in Wagner 1955 (p. 158), and 
it is likely that the fossil identifications will have to be partly revised. 

At a short distance above the limestone marked as loc. 14-16 in 
text-fig. 3, a further shallowing of the basin is clearly indicated by 
the presence of a seat-earth which is followed by some more marine 
strata before the seams of the Pefiacorba coal mine are reached. The 
marine beds were cut by exploratory workings in the mine and well 
preserved brachiopods have recently been collected from the old colliery 
tip. These have not yet been identified. The coal seams of the Pefiacorba 
mine (abandoned in 1967) are numbered in the reverse order (XIII to 
IX) because of the miners' belief that the overturned succession at 
Barruelo represented a normal succession. Stratigraphic sections through 
the sequence worked in the mine were published by the first writer in 
Wagner & Wagner-Gentis 1952 (p. 310). It is only a short sequence, 
probably no more than 21 to 25 m thick. A rich flora has been collect
ed from various parts of the succession in the Pefiacorba mine, and 
this has been supplemented by material collected from the tip (which 
includes specimens from the predominantly marine beds between seam 
XIII and the first seat-earth of the Pefiacorba Member). Further collec
tions were made from the tip of the mine Carlota (abandoned in 1968) 
which worked the Pefiacorba seams on the other side of the Rubag6n 
Valley. Since a total of some 50 m of beds is involved, the flora collect
ed in the various localities can be considered together as a single 
assemblage (Wagner 1964", Table III; Wagner 1966c): Neuropteris 
ovata var. grand'euryi Wagner, Cyclopteris fimbriata Lesquereux, 
Neuropteris scheuchzeri Hoffmann, Linopteris neuropteroides (von 
Gutbier), Linopteris cf. obliqua (Bunbury), Odontopteris reichi von 
Gutbier, Callipteridium jongmansi (P. Bertrand) (transitional to C. stria
tum Wagner), Alethopteris bohemica Franke, Alethopteris barruelensis 
Wagner, Pseudomariopteris ribeyroni (Zeiller), Dicksonites pluckeneti 
(von Schlotheim), Sphenopteris dimorpha (Lesquereux), Sphenopteris 
rotundiloba Nemejc, Sphenopteris elaverica (Zeiller), Lobatopteris cf. 
waltoni (Corsin), Lobatopteris oreinervosa (Corsin), Polymorphopteris 
polymorpha (Brongniart), Pecopteris unita Brongniart, Pecopteris cf. 
hemitelioides Brongniart, Pecopteris tenuinervis Corsin, Pecopteris 
camertonensis Kidston, Pecopteris acuta Brongniart, Pecopteris paralle-
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lelobata Wagner, Pecopteris cf. hucheti Corsin, Pecopteris clarkei Les
quereux, Sphenophyllum emarginatum Brongniart, Sphenophyllum 
oblongifolium (Germar & Kaulfuss), Annularia stellata (von Schlot
heim), Asterophyllites equisetiformis (von Schlotheim), Lepidophyllum 
majus Brongniart, Lepidodendron cf. scutatwn Lesquereux. This assem
blage has been regarded as a typical upper Cantabrian one (Wagner 
1969). It combines the last occurrence (for the Spanish area) of Neu
ropteris scheuchzeri with the first occurrence of N. ovata var. grand' 
euryi, the Stephanian variety of a species which has long been regarded 
as characterising Westphalian D. The evolutionary stage reached by 
Callipteridium (Praecallipteridium) jongmansi is also of stratigraphic 
interest, since this species shows the gradual introduction of intercalated 
pinnules on the rachides of the penultimate order, spreading down
wards through the major pinnae. The specimens collected from the 
Peiiacorba Member show the presence of intercalated pinnules some 
way down the rachis (Wagner 1962, pl. 30, fig. 12), but not yet extend
ing throughout the pinnae of the penultimate order. They represent a 
transitional stage from C. jongmansi to C. (Eucallipteridium) striatum, 
and therefore indicate an horizon intermediate between Westphalian D 
and type Stephanian. Sphenophyllum oblongifolium is regarded as 
having its first occurrence in upper Cantabrian rocks, and is common 
throughout Stephanian A, B and C. Sphenophyllum emarginatum, on 
the other hand, is an Upper Westphalian element which persists 
throughout Cantabrian strata. 

The lack of adequate information on the flora of the Assise de Rive
de-Gier in the St. Etienne (Loire) coalfield of east-central France, 
which is the traditional stratotype of Stephanian A (P. Bertrand 1937), 
makes it rather difficult to either affirm or deny that the Peiiacorba 
Member is Stephanian A or older in age. However, on the basis of a 
general correlation between successions in France and Spain (Bouroz, 
Gras & Wagner, in this volume), it appears that the Peiiacorba Member 
should be regarded as slightly older than Stephanian A, i.e. upper 
Cantabrian. 

Commencing with the Peiiacorba Member a coal-measure facies be
comes a recurrent feature of the sedimentary succession in the Barruelo 
region. It clearly separates the entirely marine succession below from 
alternating marine and continental rocks above, and has therefore been 
taken as the limit between the Braiiosera and Barruelo Formations 
(see text-fig. 3). The latter can be divided into three coal-bearing mem
bers, viz. the Peiiacorba, Carboneros and Calero Members and two 
intervening marine members, the Loma and Polvori'.n Members. 

The Loma Member is represented by a little over 400 metres of 
marine rocks which follow upon the Peiiacorba coals. They consist of 

506 



PLATE III. - Channel fill sandstone at the base of the Carboneros Member 
of the Barruelo Formation near Helechar and Barruelo de Santullan. The 
outcrop is in the type section along the old railway level (exposures near the 
old guard's hut). The overturned position of the strata is clearly visible, since 
the base of the channel fill is on the north-eastern (left) side of the photograph. 
A little to the right, beyond the hut, the first non-workable seam of the 
Carboneros Member is exposed. This is the site of the flora quoted on page 508 

(localities 384, 1728-1729). 
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sandstones and shales which have not been investigated in detail. A 
prominent sandstone band in the top part of the member contains 
drifted plant fragments (e.g. Linopteris) and « seed » casts belonging to 
Trigonocarpus, Hexagonocarpus, Cardiocarpus, etc. 

From the Carboneros Member onwards a detailed stratigraphic sec
tion has been measured by the first author in collaboration with Mr. 
F.J. Villegas. The « Carboneros » (non-workable coal seams) them
selves occur in a succession of 65 metres of alternating continental and 
marine strata which show a certain amount of rhythmicity. The base of 
the member has been taken at a very pronounced channel sandstone 
which, presumably, marks the advent of a non-marine facies. It is 
followed by thinly bedded sandstones which are succeeded by seat
earths with carbonaceous shales and thin coals, separated by shales and 
channel sandstones, with a total thickness of 7 metres. Within this short 
sequence a number of plant-bearing shales occur, particularly in asso
ciation with the first coal (carbonero). Coal measure sedimentation is 
abruptly terminated by a marine mudstone with brachiopods and lamel
libranchs. It passes upwards into compact mudstones, presumably 
marine, which are followed by channel sandstones and shales with drift
ed plant fragments. The marine transgression is a very sudden one, 
whereas the upward passage into channel sandstones appears to be 
more gradual. It seems likely that sudden downwarp produced the 
abrupt transgression, and that the more gradual transition from marine 
to non-marine represents the infilling of the basin. This type of sequence 
is repeated several times in the Carboneros Member, with slight variants 
depending on the degree of infilling. Most characteristically, seat-earths 
and thin coals are present just before renewed transgression brings in 
a marine deposit with lamellibranchs and gastropods and, occasionally, 
brachiopods or crinoids. Sometimes, however, only channel sandstones 
were formed before the transgression took place. These repeated move
ments of subsidence produced rhythmic units which are regressive 
sequences cut· off by renewed transgression at the base of the next 
unit. This type of rhythmic unit is very common in the Carboniferous 
of Northwest Spain, which was formed in a tectonically active area. 

In the sequence measured in detail, viz. in the vicinity of Barruelo 
and Helechar, the only plant fossils worthy of note were collected at 
the base of the member. The following species were recorded from loca
lities 384, 1728 and 1729, near the first coal, and from sandstones 
and shales in the sequence immediately above this coal (R.H.W. det.) : 
Neuropteris ovata var. grand'euryi Wagner, Odontopteris brardi Bron
gniart ( = 0. minor-zeilleri Potonie), Alethopteris bohemica Franke, 
Alethopteris barruelensis Wagner, Sphenopterls sp., Dicksonites plucke·· 
neti (von Schlotheim), Nemejcopteris feminaeformis (von Schlotheim), 
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Pecopteris uni ta Brongniart, Pecopteris sp. nov.? (ex gr. arborescens 
von Schlotheim), Macrostachya infundibuliformis Brongniart, Astero
phyllites equisetiformis (von Schlotheim). The presence of N. feminae
formis is significant, for this species characterises the higher Stephanian. 
It has never been recorded from upper Cantabrian rocks. A more 
complete flora has been collected from an outcrop of the Carboneros 
coal member near the machine hall of the Peragido Colliery (loc. 991 
= 118) (R.H.W. det.): Neuropteris ovata var. grand'euryi Wagner, 
Neuropteris ovata var. deflinei P. Bertrand, Cyclopteris fimbriata 
Lesquereux, Odontopteris brardi Brongniart, Odontopteris sp., Callipte
ridium striatum-zeilleri Wagner, Alethopteris bohemica Franke, Pseudo
mariopteris ribeyroni (Zeiller), Dicksonites pluckeneti (von Schlotheim), 
Lobatopteris micromiltoni (P. Bertrand), Polymorphopteris poly
morpha (Brongniart), Nemejcopteris feminaeformis (von Schlotheim), 
Pecopteris unita Brongniart, Pecopteris arborescens (von Schlotheim), 
Pecopteris paleacea Zeiller, Pecopteris hemitelioides Brongniart, Pe
copteris candolleana Brongniart, Pecopteris sp. nov. (cf. lepidorachis 
Brongniart), Pecopteris acuta Brongniart, Sphenophyllum alatifolium 
Renault, Sphenophyllum oblongifolium (Germar & Kaulfuss), Annula
ria sphenophylloides (Zenker), Calamostachys calathifera Weiss, Astero
phyllites equisetiformis (von Schlotheim), Poacordaites linearis Grand' 
Eury. The presence of Callipteridium (Eucallipteridium) striatum
zeilleri with a full complement of intercalated pinnules on the rachides 
of the penultimate order, shows a clear advance on the Callipteridium 
(Praecallipteridium) jongmansi which preceded this species in time and 
which was still present in the Peiiacorba Member. Also the presence of 
Nemejcopteris feminaeformis indicates that the upper Cantabrian has 
been left behind, and that a level corresponding to Stephanian A has 
been reached. In Bouroz, Gras & Wagner (this volume), the Carboneros 
Member has been correlated with the type Stephanian A of Central 
France. 

Thin coals occur at four levels of the Carboneros Member. The fourth 
and highest coal is cut off by 0.10 m of ferruginous marl with gas
tropods and other marine fossils. It is succeeded by 0.25 m of calcar
eous mudstone with brachiopods, and this marine horizon is continued 
by 2.65 m of mudstone with occasional lamellibranchs and crinoids. 
The sudden transgression above the fourth « carbonero » is regarded 
as marking the base of the Polvorin Member which consists of 200 m 
of marine mudstones with horizons of thinly bedded, ripplemarked 
sandstones and at least one harizon of channel sandstones with conglom
eratic bases. At 65 m above the base of the Polvorin Member a 
sandy mudstone, which is marly at the top, has yielded well preserved 
moulds of brachiopods, lamellibranchs, gastropods, crinoids and ostra-
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codes (loc. 1708). The brachiopod fauna (Table I) consists mainly 
of chonetids (Neochonetes latesinuatus miaokouensis (Chao), Neocho
netes sp.) and marginiferids, but an occasional spiriferid (Plicatocyrtia 
zitteli (Schellwien)) has also been found. (C.F.W.P. det.). The ostra
codes have been identified as Acratia sp., Bairdia sp and Hollinella sp. 
by Dr. M.J.M. Bless (personal communication). Neochonetes latesinua
tus miaokouensis was first decribed by Chao (1928) from the Miaokou 
Limestone at the base of the Taiyuan Formation in North China, which 
apparently corresponds to the Kasimovian. 

The alternations of mudstones with marine fauna and thinly bedded 
sandstones, quite often with ripplemarks and comminuted plant debris, 
probably indicate the same type of regressive rhythmic unit which cha
racterises the sedimentation of the preceding Carboneros Member ; 
the only difference being that a clearly continental facies (seat-earth and 
coal) has not been reached in the Polvorin Member. However, right 
at the top of the Polvorfn Member a clearly developed rhythmic unit 
is terminated by a coal (seam VIII of the Calero Member). This unit 
is a little over 40 m thick, and commences with a mudstone containing 
lamellibranchs and gastropods as well as occasional spiriferid brachio
pods. The mudstone, which is calcareous at its base, becomes silty 
upwards, and passes gradually into very silty mudstones, siltstones and 
fine sandstones with comminuted plant debris and fairly common 
ripplemarks. This sandstone horizon represents a longer episode than 
equivalent horizons in preceding rhythms (it occupies 31 m out of the 
total 40 m of this rhythmic unit) and ends with a very thin seat-earth 
followed by a workable coal seam. It is likely that initial transgression 
was followed by a littoral sandstone on which plant growth took place 
after emergence. 

As a mappable unit, the Calero Member is supposed to commence 
with seam VIII, even though this seam forms part of the rhythmic 
unit described above. Seam VIII is the first coal in the sequence worked 
by the Calero Colliery (numbering of the seams is again in the reverse 
order, due to the miners' belief that the overturned flank of the Barrue
lo Syncline represented a normal succession with regard to the NE. dip 
of the strata : see text-fig. 2). It can be traced from the north-western 
end of the coalfield, extending 1 km under the Triassic unconformity (see 
text-fig. 1), to the now abandoned workings in the San Rafael Colliery 
near Vallejo de Orb6, extending 3 km under the Trias of Monte Terena, 
and has thus been proved over a distance of 15 km. Everywhere, it has 
a marine roof consisting of mudstones with a lamellibranch/gastropod 
assemblage and, occasionally, brachiopods. Slightly less than 3 7 m 
separate seam VIII from a thin, non-workable seam with a prominent 
lepidophyttalean seat-earth. Well-developed seat-earths are rare in 
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the Calero Member and this thin coal seam is recognised throughout the 
area by this characteristic, combined with its marine roof shales which 
consist of mudstones packed with lamellibranchs and gastropods. In 
between the two coals a succession of mudstones is followed by alter
nating mudstones and sandstones which are mainly thinly bedded, with 
occasional ripplemarks, but which also contain large foresets in at 
least one locality. Apparently, the same kind of regressive rhythmic 
units are present here as have been described above. 

Nine to ten metres of strata, possibly representing two rhythmic 
units and containing a thin mudstone with marine fossils, separate the 
thin coal with a prominent seat-earth from the workable seam No. VII. 
In the north-western part of the coalfield, in the Zona de las Venones, 
this part of the succession is predominantly non-marine and contains a 
current-bedded sandstone (point bar deposits, according to Dr. H.G. 
Reading - personal communication) which in one locality lies 3.50 m 
above the thin coal and in another immediately above this coal. In the 
latter locality it eliminates the marine mudstone in the roof of the seam. 

Between seams VIII and VII a well preserved flora has been collect
ed on the 380 m level of the Calero coal mine (loc. 12) : Neuropteris 
ovata var. grand'euryi Wagner, Linopteris sp., Odontopteris brardi 
Brongniart, Callipteridium (Eucallipteridium) pseudogigas Wagner, 
Alethopteris bohemica Franke, Sphenopteris elaverica (Zeiller), Sphe
nopteris sp., Rhacopteris cf. elegans (van Ettingshausen), Dicksoni
tes pluckeneti (von Schlotheim), Lobatopteris viannae (Teixeira), Loba
topteris spp., Nemejcopteris feminaeformis (von Schlotheim), Pecopteris 
unita Brongniart, Pecopteris bredovi Germar, Pecopteris acuta Bron
gniart, Pecopteris arborescens (von Schlotheim), Pecopteris cf. hucheti 
Corsin, Pecopteris spp., Polymorphopteris polymorpha (Brongniart), 
Caulopteris sp., Sphenophyllum oblongifolium (Germar & Kaulfuss), 
Annularia sphenophylloides (Zenker), Asterophyllites equisetiformis 
(von Schlotheim), Calamites suckowi Brongniart. Some of these fossils 
were figured in Wagner 1959. · 

Coal seam VII possesses a thin, carbonaceous seat-earth, and plant
bearing roof shales which are mainly characterised by Alethopteris 
bohemica Franke, but which have also yielded Neuropteris ovata var. 
grand'euryi Wagner, Lobatopteris lamuriana (Heer), Nemejcopteris 
feminaeformis (von Schlotheim), Pecopteris spp., Sphenophyllum 
oblongifolium (Germar & Kaulfuss) and Sphenophyllum cf. nageli 
Grand'Eury (R.H.W. det.). 

Between seams VII and VI some 23 to 30 metres of silty mudstone 
with occasional sandstone bands, sometimes current-bedded, are record
ed. Seam VI has a barely discernable seat-earth and occasional plant 
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fossils in its roof shales. Among the latter Lepidodendron cf. scutatum 
Lesquereux has been identified (Wagner 1966a, pl. 37). Also below 
seam VI, on the 380 m level of the Calero coal mine (loc. 14), a speci
men of Poacordaites linearis Grand'Eury was found (Wagner 1962, 
pl. 33, fig. 36). 

Another 22 m of silty mudstones and sandstones separate this 
coal from seam V which also has very little seat-earth and which 
shows plant fossils in its roof shales. This seam is probably the same 
as seam 6 in the Zona de Vallejo (San Rafael and Campesinos Colliery 
- abandoned in 1968), where abundant plant fossils were collected 
(loc. 115, 1760-compare Wagner 1958b): Neuropteris ovata var. grand' 
euryi Wagner, Cyclopteris fimbriata Lesquereux, Odontopteris laxa 
Wagner, Sphenopteris sp., Aphlebia erdmanni (Germar), Lobatopteris 
lamuriana (Heer), Lobatopteris serpentigera Wagner, Lobatopteris cf. 
pseudovestita (D. White), Lobatopteris ambigua (Sternberg-Nemejc), 
Lobatopteris sp. nov., Pecopteris bredovi Germar, Pecopteris cf. dau
breei Zeiller, Pecopteris deltoidea Wagner, Pecopteris paleacea Zeiller, 
Pecopteris sp. nov. (cf. lepidorachis Brongniart), Pecopteris affinis (von 
Schlotheim), Pecopteris hucheti Corsin, Pecopteris spp., Sphenophyllum 
oblongifolium (Germar & Kaulfuss), Annularia stellata (von Schlot
heim), Calamostachys tuberculata Sternberg, Asterophyllites equiseti
formis (von Schlotheim), Palaeostachya sp., Calamites undulatus Stern
berg, Calamites rugosus Jongmans, Cordaites sp. (with the worm Spiror
bis pusillus Martin). 

A monotonous succession of mudstones with occasional, thinly 
bedded sandstones accompanied by a rare current-bedded one, together 
45 m thick, separate seam V from a thin coal with marine lamelli
branchs in the roof shales. Below the coal occurs a seat-earth which 
lies immediately above a plant-bearing shale (loc. 1702) with abundant 
Lobatopteris lamuriana (Heer). 

At 21 and 25 m, respectively, above the thin coal mentioned, addi
tional seat-earths and coals occur, and at 30 m a sandstone with marine 
lamellibranchs. 

At 5 to 6 metres above this marine band a special facies comes in 
for the first time in the succession, viz. black shales with abundant 
phyllopods which are identified as Leaia baentschiana Beyrich (Wag
ner & Wagner-Gentis 1952). A number of Leaia bands are found 
throughout an interval of 4 7 m, which is also characterised by a relati
vely high density of coal. The Barruelo Mines only recognised seams 
IV and III in this interval but, in fact, 10 seams occur, and six of 
these seams are workable in one place or another. Small scale thrusting 
and the close proximity of these coals combined to confuse the miners, 
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who worked different seams of this interval in different parts of the 
coalfield. Seam 5 of the San Rafael Colliery belongs also to this inter· 
val. Some of the coals have thin seat-earths and seam III has a very 
well developed one, but some of the seams above seam III apparently 
grade into black shales with Leaia and may represent lacustrine depos
its. Seam III is also characterised by the presence of a lensing quartzite 
conglomerate in the roof of this seam in the Zona Media and in the 
Zona Rica. Conglomerates of this type occur as lensing deposits in 
various parts of the sequence (see text-fig. 1). The lowest conglomerate 
is found below seam VIII in the Zona de Vallejo, and the highest 
occurs above the coal-bearing sequence in the Zona de Peragido. 
However, the most prominent accumulation of conglomerates is found 
in the roofs of seams IV, III and II in the north-western part of the 
Zona Rica and in the Zona de los Venones. 

Marine bands appear to be rare in the interval characterised by 
coals and Leaia bands, but one significant horizon has been found above 
seam IIIbis, and 4 m below seam III. This horizon, about 1.50 m thick, 
consists of calcareous mudstone and muddy limestone with fusulinids, 
algae, ostracodes, crinoids, gastropods (Bucaniopsis), lamellibranchs 
and brachiopods (loc. 6). The fusulinids proved to be unidentifiable, 
but the brachiopods could be referred to Chaoiella sp., Koslowskia sp., 
and an unnamed athyrid (C.F.W.P. det.). Chaoiella refers to the Dictyo
clostus cf. gruenewaldti mentioned by Wagner (1955, p. 170). 

A total of 7 Leaia bands has been recorded, with a maximum devel
opment in the Zona de Vallejo, Zona de Peragido and Zona Media. 
Only 2 bands continue into the Zona Rica and Zona de los Venones, 
and these are the two bands below seam IV that were reported by 
Wagner & Wagner-Gentis (1952). The higher Leaia bands wedge out in 
a north-westerly direction. Both flora and fauna are found in the Leaia 
bands. Among the drifted plant remains occur Neuropteris ovata var. 
grand'euryi Wagner, Linopteris neuropteroides (von Gutbier), Rhaco
pteris elegans (von Ettingshausen), Lobatopteris lamuriana (Heer), Lepi
dodendron cf. scutatum Lesquereux, Sigillaria brardi Brongniart and 
Pachytesta sp. (R.H.W. det.). The fauna has been described in 1952 
and consists of Leaia baentschiana Beyrich, Leaia herriana Guthorl, 
Estheria limbata forma rimosa Goldenberg and unidentified fish scales. 

Several bands with floral remains were sampled in a 9 m interval 
below seam III, on the 280 m level of the Calero coal mine (loc. 18, 
19, 20, 21, 22): Neuropteris ovata Hoffmann var. grand'euryi Wagner, 
Cyclopteris fimbriata Lesquereux, Linopteris neuropteroides (von 
Gutbier), Callipteridium sp., Alethopteris bohemica Franke, Aletho
pteris barruelensis Wagner, Alethopteris magna Grand'Eury, Sphenopte
ris sp., Nemejcopteris feminaefonnis (von Schlotheim), Pecopteris unita 
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Brongniart, Pecopteris bredovi Germar, Pecopteris cf. lahouvensis 
Corsin, Pecopteris hemitelioides Brongniart, Pecopteris cf. rarinervosa 
Corsin, Pecopteris cf. hucheti Corsin, Pecopteris spp., Sphenophyllum 
oblongifolium (Germar & Kaulfuss), Annularia sphenophylloides 
(Zenker), Asterophyllites longifolius Sternberg, Calamites schutzei 
Stur (R.H.W. det.). A surface exposure west of Helechar (loc. 1745) 
yielded Alethopteris zeilleri Ragot at 1 m below seam III. 

Bands with marine fossils are rare in the higher part of the Calero 
Member, but at 1 m above the top Leaia band (which is associated with 
seam III4 in the Zona Media), a Lingula band has been recorded. It 
inaugurates a mudstone sequence, at least 23 m thick, which occurs 
below seam II. Further marine bands with lamellibranchs occur at 9 m 
below seam II (in a section which is tectonically disturbed, so that 
the actual separation may be in excess of 9 m), and at 8 m below 
seam I. Above this horizon no further marine incursions have been 
recorded. 

Seam II is usually too thin to be worked and is often split into two 
veins, but it forms a single workable seam in the Zona de los Venones, 
where coal seams are fewer in number (the III to IV complex of seams 
is reduced to three veins in this zone), but generally thicker. Correlation 
across the Venones Fault (see text-fig. 1) has been giving difficulties 
in the past, and the seam numbers employed in the mine in the Zona de 
los Venones are at variance with those of the Zona Rica and the Zona 
Media. Seam III (in two veins) is recorded as V Ven6n and VI Ven6n; 
seam IV equals VII Ven6n, and so on. As a result of this misidenti
fication of coal seams in the Zona de los Venones, the lowest seam, 
viz. seam VIII, has been recorded as seam XII in the Zona de los 
Venones (seam XI Ven6n being probably the thin coal between seam 
VIII and VII of the standard sequence). The stratigraphic sections 
published by the first writer in Wagner & Wagner-Gentis (1952, lam. 
LXXVII) partly refer to sequences in the Zona Media and the Zona 
Rica, where the seams are correctly numbered, but also record succes
sions in the Zona de los Venones (seams VIII to XII on the 130 and 
230 m levels which, in fact, are seams V to VIII of the standard 
sequence). 

A single plant fossil, Odontopteris brardi Brongniart, was collected 
from shales above a sandstone forming the roof of seam II on the 
280 m level of the Calero mine (loc. 23), and Linopteris obliqua var. 
bunburyi Bell, Sphenophyllum sp. and Asterophyllites sp. were found 
in a surface exposure near Helechar of rocks below seam II. 

Furthermore, the tip of the mine Petrita, which worked the seams III 
and IV in the north-western part of the Zona Rica, yielded the following 
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plant fossils (loc. 1766 ; R.H.W. det.) : Neuropteris ovata var. grand' 
euryi Wagner, Linopteris neuropteroides (v. Gutbier), Alethopteris bo
hemica Franke, Dicksonites pluckeneti (v. Schlotheim), Alloiopteris cf. 
angustissima (Sternberg), Alloiopteris cf. similis (Sternberg), Nemejco
pteris feminaeformis (v. Schlotheim), Pecopteris cf. hucheti Corsin, 
Pecopteris spec. div., Sphenophyllum oblongifolium (Germar & Kaul
fuss), Sphenophyllum sp. nov. ?, Annularia stellata (v. Schlotheim), 
Lepidodendron cf. scutatum Lesquereux. 

The higher part of the succession of the Calero Member, which 
has been measured in the Zona de Peragido (text-fig. 1), is completely 
non-marine and shows a rather sandy development with mudstones and 
occasional root beds with only a few, very thin coals. The following 
plant fossils were recorded here (loc. 1781, 1782): Linopteris cf. 
elongata Zeiller, Alethopteris bohemica Franke, Pecopteris sp., Sphe
nophyllum oblongifolium (Germar & Kaulfuss). It also contains quart
zite conglomerates, current-bedded sandstones and a relatively great 
thickness of thinly bedded sandstones. A few plant fossils were record
ed from the top part of this succession, above the main development 
of sandstones and conglomerates (loc. 1777, 1778): Neuropteris gallica 
Zeiller, Callipteridium sp., Lobatopteris viannae (Teixeira), Annularia 
stellata (v. Schlotheim). 

The floras recorded from the Calero Member are mainly character
ised by Neuropteris ovata var. grand'euryi, Alethopteris bohemica, 
Lobatopteris lamuriana, Nemejcopteris feminaeformis, Pecopteris arbo
rescens and Sphenophyllum oblongifolium. This association is a typical 
one for Stephanian A, as known from France, and seems to be most 
similar to that· of the Assise de Lentin of Carmaux in southern France 
(cf. Doubinger & Vetter 1969). 

IV. FORMATIONS AND MEMBERS OF FORMATIONS 
(R.H. Wagner & C.F. Winkler Prins) 

The formations and members named in the preceding chapter, and 
which are also stated in text-fig. 3, are mainly the result of established 
usage. Only two names are new. However, the boundaries and signif
icance of the formations have fluctuated, and the use of these lithostra
tigraphic units has been informal. A summary of the usage by different 
authors is given in text-fig. 4, and a discussion is presented below. 

Pena Cilda Formation 

This formation has been mentioned as « Paquete de la Pena Cilda » 
by Wagner (1955) and as « serie de Pena Cilda » by de Sitter (1955). 
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Since the latter reviewed information obtained by the former, author
ship of the name is not in doubt. Usage has been quite uniform, since 
there is general agreement in the literature that the name refers to a 
sequence of alternating torrential conglomerates and coal-measures, 
without any marine influence, and approximately 500 m thick, which 
occurs as a strongly unconformable, post-orogenic formation in the 
mountain of Pena Cilda, west-northwest of the Barruelo coalfield (see 
text-fig. 1). The formation has been dated as late Stephanian B (Wag
ner 1966"). Although its general lithological sequence is known, no 
measured section is available as yet. 

Frets (1965) and de Sitter & Boschma (1966) use the Pena Cilda 
Formation as the top unit of their Cea Group which combines the 
partly marine Barruelo Formation and some underlying rocks with the 
strongly unconformable Pena Cilda Formation of entirely continental 
facies. The grouping together of totally unrelated successions, which 
are separated by a major folding phase and which show a different 
development of facies, serves no conceivable purpose. 

Barruelo Formation 

This formation has been first described by Wagner & Wagner
Gentis (1952, p. 310), who named it the « paquete de Barruelo » and 
who distinguished three members, viz. the « tramo de Penacorba » 
(coal-bearing), a « tramo esteril » (without coals) and the « tramo de 
Calero » (coal-bearing). The lower limit of the formation was placed 
at the base of the Penacorba coal member. The upper limit is undefined 
and determined by the Barruelo Boundary Fault. Usage in the Barruelo 
(type) area has remained constant (Wagner 1955, Wagner & Wagner
Gentis 1963, Frets 1965), and the limits of the formation have been 
maintained in the present paper. 

However, de Sitter (1955, p. 121; 1957, p. 273) and Nederlof & 
de Sitter (1957, p. 17), in extending the Barruelo Formation outside 
its type area, incorporated a number of coal-measure sequences (Casa
vegas, Redondo, San Cristobal) which, effectively, expanded the form
ation downwards, to the extent of adding several thousands of metres to 
the original thickness of 1,250 metres. De Sitter based his modification 
of the Barruelo Formation on the similar dating of all these rocks, 
which can be referred to collectively as lower Stephanian (and incorpor
ating upper Westphalian D) and which he quoted as Stephanian A. At 
the same time, however, he maintained the Barruelo Formation in its 
original usage in the type area (de Sitter & Boschma 1966 : map). His 
usage created the impression that the Barruelo Formation (sensu de 
Sitter) is meant to incorporate all the coal-measure formations of lower 
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Stephanian (and near-lower Stephanian) age in northern Palencia. It 
takes little or no notice of local correlations, ignores the desirability of 
a stable stratigraphic usage, and generally confuses the issue. 

Van Ginkel (1965, p. 196), attributing the Barruelo Formation to 
de Sitter (1957), a suggestion which was taken up by de Sitter & 
Boschma in 1966, used this formation in its original sense in the 
Barruelo and Redondo areas, but extended it downwards in the Casa
vegas area (compare van Ginkel 1965, correlation table). 

Boschma & van Staalduinen (1968) stated that « to avoid further 
ambiguity, de Sitter & Boschma (1966) incorporated all Stephanian 
deposits in the Pisuerga area into one Barruelo Formation » and men
tioned that the base of this formation was mainly determined by 
palaeontological data, but that a clear unconformity could be found 
locally. Their remarks seem to ignore the concept of a formation as 
a lithostratigraphic unit and merely serve to underline the confusion 
generated by de Sitter's incorrect usage of the Barruelo Formation. 

The formation ·is used here in its original sense, and extends from 
the base of the Pefiacorba coal member to the top of the Calero coal 
member, with an undefined upper limit, due to faulting. Outside the 
type area in the Barruelo Syncline only a small part of the Barruelo 
Formation has been found in the Redondo area and in the vicinity of 
San Felices de Castilleria, and the majority of rocks attributed to this 
formation by de Sitter have to be referred to different formations. 

In the present paper the Barruelo Formation is subdivided into (1) 
Pefiacorba Member, (2) Loma Member, (3) Carboneros Member, 
(4) Polvorin Member and (5) Calero Member (see text-fig. 3). Mem
bers 1,3 and 5 are coal-bearing, with alternating marine and continental 
deposits, and members 2 and 4 are wholly marine. The Loma, Carbo
neros and Polvorin Members are named here for the first time. The 
Loma Member corresponds to the « tramo esteril » mentioned by 
Wagner & Wagner-Gentis (1952), whereas the Carboneros and Polvo
rin Members have been taken out of the basal part of the « tramo del 
Calero » (or Calero Beds), as mentioned in earlier papers. Altogether, 
the Barruelo Formation in its type area is approximately 1,250 m thick, 
with some 50 m for the Pefiacorba Member, 430 m for the Loma 
Member, 65 for the Carboneros Member, 200 m for the Polvorin 
Member, and at least 500 m for the Calero Member. These thicknesses 
are mainly apparent, and less than the real ones, for the overturned flank 
of the Barruelo Syncline contains numerous small thrusts, eliminating 
strata, with a cumulative effect of about 15 % thinning of the original 
succession. This figure was arrived at after several sections of the 
Calero Member were correlated in different parts of the coalfield, where 
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different parts of the succession proved to be affected. The thickness 
of the Calero Member has already been partially restored, as the result 
of these correlations, but some thinning, even in the Calero Beds, 
has not yet been accounted for. As a result of this small scale thrusting, 
it has proved impossible to designate a single type section for the Calero 
Member. However, the Zona de Peragido, near the abandoned Peragido 
Colliery, contains the most complete and apparently best exposed suc
cession of this member. A good reference section also occurs in the old 
railway cutting near Helechar. Detailed comparative sections through 
the Calero Member are available and will be published in due course 
by the first writer and Mr. F.J. Villegas. 

A detailed section through the Carboneros and Polvorin Members 
has been measured along the old railway cutting above the powder 
magazine of the Calero coal mine, between Barruelo and Helechar. 
Although this section is also, inevitably, affected by small scale thrust
ing, it appears to be the best exposed one available and is hereby 
designated the type section for these two members. The description of 
these members is based on this section, measured after some improve
ment by trenching. The Loma Member has not yet been investigated in 
detail, and should probably be measured on the hill above Helechar. 
The Pefi.acorba Member has been measured in the Pefiacorba coal mine 
(Wagner in Wagner & Wagner-Gentis 1952, p. 310), in so far as the 
sequence with workable coals is involved. The mainly marine succession 
below seam XIII, down to the first seat-earth, has only been measured 
in part, and should be re-investigated. The base of the Pefiacorba 
Member, and thus of the Barruelo Formation, is taken at the base of 
the first seat-earth without coal. 

Braiiosera Formation 

This formation was mentioned as the « paquete de Brafiosera » in 
Wagner & Wagner-Gentis (1952) and Wagner (1955, p. 157). Its upper 
limit is determined by the base of the Barruelo Formation which follows 
in a continuous succession in the valley of the Rubag6n river (text
fig. 1). The lower limit of the Brafi.osera Formation coincides with the 
disconformity, produced by uplift due to the Leonian Phase, which 
separates a basal sandstone with drifted plant remains from a late 
Moscovian limestone (Myatchkovian) attributed to the Sierra Corisa 
Limestone Formation (text-fig. 3). 

Wagner & Breimer (1958, p. 11) correlated the « paquete de Bra
fiosera » with the sequence between the coal seam of San Cristobal and 
the coal-measures of San Felices which were regarded as the equivalent 
of the Pefi.acorba coal-measures at the base of the Barruelo Formation. 
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They also indicated that the root beds at the base of the Braiiosera 
Formation should probably be regarded as the equivalent of the San 
Cristobal coal, and that the Braiiosera limestone, below the root beds 
in the Rubagon river section, could be the equivalent of the Sierra 
Coriza limestone below the San Cristobal coal. It should be noted that 
usage with regard to the « paquete de Braiiosera » was consistent in so 
far as the upper limit was concerned, whereas the basal limit appeared 
to be fluid. Wagner (1955) incorporated the Braiiosera Limestone with 
this formation, but Wagner & Breimer (1958) excluded it by corre
lating with the Sierra Coriza Limestone. They also, in effect, excluded 
the root bed horizon which was correlated with the San Cristobal coal
measures. 

Wagner & Wagner-Gentis (1963) reincorporated the Braiiosera Lime
stone in the formation, as the result of van Ginkel's (1960) assertion 
that this limestone was later in age than the Sierra Corisa Limestone 
(a conclusion which was modified by van Ginkel in 1965, when he indi
cated that the Braiiosera Limestone was of Myatchkovian age, and 
failed to re-affirm that it would be younger than the Sierra Corisa 
Limestone, also of Myatchkovian age). Wagner & Wagner-Gentis 
(1963) also renamed the Braiiosera Formation (paquete de Braiiosera) 
by calling it the Rubagon Formation ; the reason being that the Bra
iierosa Limestone had become established in the literature (through van 
Ginkel 1957) and that this limestone was considered as a member of 
the Rubagon (ex Braiiosera) Formation. However, Wagner & Wagner
Gentis (1963) overlooked that Nederlof (1960, p. 614) introduced a 
« graded Rubagon formation » « belonging to the Brafiosera group ». 
The Rubagon Formation of Nederlof referred to a sequence of turbi
ditic beds in the Rubagon river section. This usage should be respected, 
although the present writers prefer to regard this unit as a member, 
since elevation of the Brafiosera Formation to the level of a Group 
would entail the elevation of the Barruelo Formation to Group level. 
Neither the Brafiosera Formation nor the Barruelo Formation are known 
in sufficient detail to warrant elevation to Group level, even though 
this course may well have to be taken in the future after more detailed 
work has been done on various parts of these formations. 

Frets (1965, p. 140) reverted to the Brafiosera Formation, mention
ing the Rubagon Formation of Wagner & Wagner-Gentis (1963) as 
another name, and accepted the latter authors' usage of the formation 
as comprising the sequence in the Rubagon river from the Brafiosera 
limestone to the base of the Pefiacorba Member of the Barruelo Form
ation. 

Van Ginkel (1965, p. 194-195) did not mention the Brafiosera Form
ation, but split the type sequence of this formation in the Rubagon 
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river into two parts, viz. a lower part which he assigned to the Carisa 
Formation of the Sitter 1955 (not to be confused with the Sierra Coriza 
Limestone of Wagner & Wagner-Gentis 1952, 1963) and an upper part 
which he referred to the Caldero Formation of Nederlof (1960, p. 613). 
The latter was instituted by Nederlof on the basis of a sequence in the 
Redondo area, where it occurred between a graded sandstone form
ation (correlated with the Rubagon Formation) and a coal-measure 
succession attributed to the Barruelo Formation. Without stating this 
explicitly, van Ginkel (1965, p. 195) included the Rubagon graded 
sandstone Formation of Nederlof with the latter's Caldero Form
ation (1). This is apparently opposed to Nederlof's intentions, who indi
cated in his stratigraphic section of the Rubagon area that the Caldero 
Formation should be included with the Rubagon graded sandstone 
Formation. In Nederlof's N. section of the Redondo Syncline (see 
Nederlof 1960 - stratigraphic sections) the sandstone formation lies 
above the Abismo Limestone of the Carisa Formation (sensu de Sitter). 
The graded sandstone formation was correlated across to the Rubagon 
river section, and this may have induced van Ginkel (1965, strati
graphic sections) to regard the rocks below the Rubagon Member as 
belonging to the Carisa Formation. He was unaware of the disconform
ity above the Brafiosera Limestone of Myatchkovian age, and this may 
be one of the reasons why he extended the Carisa Formation well 
above the limestone. Even de Sitter's expanded usage of the Carisa 
Formation does not warrant this extension. · It also fails to take into 
account the proposed correlation by Wagner & Breimer (1958), who 
regarded the root beds above the Brafiosera Limestone as the equivalent 
of the San Cristobal coal-measures. Wagner & Wagner-Gentis (1963) 
referred to the latter as the San Cristobal Formation, and this name 
has been adopted by van Ginkel (1964, p. 195). However, he also 
misinterpreted its meaning (his statement that he uses it as defined by 
Wagner & Wagner-Gentis, 1963, is incorrect), and used it, in effect, as 
a substitute for the Brafiosera Formation, as represented in the Castille
rfa Syncline. The development of strata and including the disconform-

(1) Brouwer & van Ginkel (1964, p. 315) introduced a Redondo Formation 
for the succession above the Caldero Formation in the Redondo area. This 
formation is at least partly equivalent to the Barruelo Formation. Van Ginkel 
(1965) fails to mention the Redondo Formation, but refers the relevant sequence 
to the Barruelo Formation. Brouwer & van Ginkel (1964, p. 314) also introduced 
an Abismo Formation which they used as an equivalent of the Corisa Form
ation (sensu de Sitter) in the Redondo area. It is not clear what purpose was 
to be achieved by the introduction of this formation, and van Ginkel (1965) 
fails to mention it. Instead he uses the Corisa Formation. 
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ity above the Myatchkovian limestone, is quite similar in the Barruelo 
and Castilleria synclines. In the latter area, near Herreruela, 7 km west 
of Brafiosera, the Sierra Coriza Limestone, Myatchkovian in age (van 
Ginkel 1965), is followed disconformably by a well washed sandstone 
forming the floor of a thin coal which is succeeded by dark grey roof 
shales with marine lamellibranchs. This development is comparable to 
that near Brafiosera, where the Brafiosera Limestone, of Myatchkovian 
age (van Ginkel 1965), is followed disconformably by a sandstone with 
abundant drifted plant remains, and a silty mudstone containing rootlets 
towards the top ; the latter being overlain by muddy limestone with 
brachiopods. The only difference is in the absence of coal near Brafio
sera and the apparently more clearly marine rocks overlying the root 
bed. This agrees with the general tendency for marine rocks to be 
more extensively developed in the more easterly exposures in northern 
Palencia. Along the strike in the Sierra Coriza, progressing westwards, 
the thin coal of the Herreruela section can be traced into the Alto 
Sierra and, eventually, into the San Cristobal Hill (Wagner & Breimer 
1958, text-fig. 2). In this hill, the continental facies has increased in 
importance, and rich floras of an approximate middle Cantabrian age 
can be collected (see page 500) ; thus showing a considerable time gap 
associated with the disconformity. This gap comprises the upper West
phalian D and lower Cantabrian (or upper Myatchkovian and, perhaps, 
basal Kasimovian). Breimer (in Wagner & Breimer 1958, text-fig. 1) 
mapped a clearly marked angular unconformity in the San Cristobal 
Hill, and this unconformity has been figured as a right angle one by 
Frets (1965, fig. 14) and by de Sitter & Boschma (1966, fig. 7). How
ever, the actual field evidence is unconvincing and may be explained by 
low-angle thrusting rather than a stratigraphic unconformity. Despite 
affirmations to the contrary, it may be that the Leonian Phase in 
northern Palencia only produced uplift and a low-angle « mappable » 
unconformity which, in any particular section, would be visible only as 
a disconformity. 

In view of the correlations proposed, it is clear that the Braiiosera 
Limestone, below the Leonian disconformity, can be referred to the 
Sierra Corisa Limestone Formation. The first, partly continental, strata 
above the disconformity can be referred to the San Cristobal Member. 
Although Wagner & Wagner-Gentis (1963) named this as a formation, it 
seems preferable to include it as a member in the Braiiosera Formation. 
The same reasoning applies here as for the Rubag6n graded sandstone 
Member. Although both members represent definite episodes in the 
development of the post-Leonian basin in northern Palencia, and may 
in due time warrant elevation to formational status, they have been 
studied in insufficient detail to allow such a move. No definite limits 
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can be given for either (apart from the lower limit of the San Cristobal 
Member which coincides with the Leonian disconformity in the Ruba
g6n river section and in the section near Herreruela) and the use of 
these members will have to be informal, for the time being. 

For completeness sake, it may be added here that Wagner & Wagner
Gentis (1952) used the name « paquete de San Cebrian » for the 
succession exposed near San Cebrian de Muda, and that this formation 
was extended by Wagner (1955, text-fig. 1) to incorporate rocks in 
the core of the Castilleria Syncline which later proved to belong to the 
Brafiosera Formation. Such a correlation is already suggested by the 
stratigraphic columns drawn in the text-figure cited, but the evidence 
was not regarded as conclusive at that time. Wagner & Wagner-Gentis 
(1963) abandoned the too comprehensive « paquete de San Cebrian » 
in favour of the more restricted San Cebrian coal-measure Formation 
which lies well below the strata dealt with in this report. 

Finally, de Sitter & Boschma (1966) referred the whole sequence of 
strata below the Barruelo Formation, outcropping in the Rubag6n 
Valley, to the Corisa Formation. Boschma & van Staalduinen (1968), 
however, interpreted the succession differently, and incorporated the 
top part of the Brafiosera Formation with the Barruelo Formation, 
while referring the lower part to the Corisa Formation. In neither of 
these two papers the Brafiosera Formation is mentioned. 

V. THE ALLOCHTHONOUS FLORA OF LOC. 1705 IN THE 
BRANOSERA FORMATION (R.H. Wagner) 

A full description of the floras mentioned in the present paper is 
beyond its scope. The material collected is abundant, and there are a 
number of new species to be described and others to be commented on, 
in addition to those figured and described on previous occasions (Wag
ner 1958a·\ 1959, 1962, 1964a). 

However, a description may be given of one floral assemblage which 
occupies a special place in the succession recorded. This is the assem
blage of drifted plant remains which has been recovered by Mr. J. 
Fernandez Pello from a thin layer of marine, silty mudstone in the 
upper part of the Brafiosera Formation, i.e. from loc. 1705 (text-fig. 3). 
The locality is of special interest, not only because it provides strati
graphic information from strata which belong to a turbidite sequence 
and which are poor in fossils in general and plant fossils in particular, 
but also because the plant remains were probably swept into the marine 
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basin from various environments, and therefore represent a more than 
usually allochthonous assemblage. 

As can be expected, the specimens are all fragmentary, and are 
preserved as small fragments of pinnae or leaves, or as detached pinnu
les. The identifiable remains are intermixed with more highly commi
nuted, unidentifiable plant debris. Comments on the identifiable remains 
are presented below. The photographs were made by Mr. B. Pigott. 

Neuropteris planchardi Zeiller 
Pl. 35, figs. 3, 3a. 

1888. - Neuropteris p/anchardi Zeiller, in Renault & Zeiller, p. 246-248, 
Pl. XXVIII, figs 8-9. 

1944. - Neuropteris p/anchardi Zeiller - Teixeira, p. 83, Est. XIV, fig. 2 ; 
p. 91, Est. XX, fig. 2. 

1956. - Neuropteris p/anclwrdi Zeiller - Jongmans, p. 35, 52, Pl. XIX, 
figs 18a-b. 

1959. - lmparipteris (al. Neuropteris) p/anclwrdi Zeiller - Remy, p. 243, 
Abb. 195a, b. 

1968. - Neuropteris planchardi Zeiller - Vetter, p. 101, Pl. XXVIII, fig. 5 ; 
Pl. XXXIII, fig. 2 ; Pl. XXXIV, figs 1, 7-8. 

Material. - Only the impression (imprint and counterprint) of a single 
pinnule has been found. 

Remarks. - The specimen figured on Pl. 35 shows very well the 
broadly rounded apex of the pinnule, the distinct midvein and the 
closely spaced laterals (ca. 35 veins per cm on the pinnule border). 
There is little opportunity to confuse this highly characteristic species 
with any other than Neuropteris gallica Zeiller which is mainly distin
guished by the presence of hairs in the region of the midvein. 

Neuropteris planchardi is well known from the Stephanian B-C and 
Autunian of France, Germany, Bohemia and Portugal (cf. Vetter 1968, 
p. 101 ; Teixeira 1944), and it has also been recorded from Stephanian 
B-C and Permian strata in Spain (Dalloni 1930, p. 114; Gomez de 
Llarena 1950, p. 77; Jongmans 1951, p. 314; Almela 1951, p. 15; 
Jongmans 1956, p. 35, 52). This species had not, thus far, been found 
in rocks of earlier than Stephanian B age, and its occurrence in the 
upper Cantabrian strata of the Brafiosera Formation raises a number 
of questions. As a first consideration one might think that Neuropteris 
planchardi commenced its occurrence in Spain earlier than in other 
parts of Europe. However, the species is generally rare and only becomes 
a little more common where environments beyond the immediate vicin
ity of coal seams are represented. In most areas of western Europe the 
floral elements associated with non-swamp environments become a 
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little more generally available from Stephanian B times onwards. Loe. 
1075, in a marine mudstone, is likely to show the intermingling of 
plants from different habitats, including those outside the coal swamp. 
One may hazard the guess that Neuropteris planchardi grew on the 
hill slopes rather than in a swamp, and that its stratigraphic occurrence 
in Spain is not, perhaps, different from that in other parts of Europe. 

Neuropteris sp. 

Two pinnule fragments have been found, possibly belonging to two 
different species. 

Linopteris neuropteroides (van Gutbier) Potonie 
Pl. 34, figs. 2-4a. 

1855. - Dictyopteris neuropteroides von Gutbier, in Geinitz, p. 23, Taf. 
xxvm, fig. 6. 

1899. - Linopteris neuropteroides (von Gutbier) H. Potonie, p. 154. 

1964b. - Linopteris neuropteroides (von Gutbier) H. Potonie - Wagner 
p. 33-38, PL 17, figs 38-39a; Pl. 18, figs 40-44a. 
N.B. - This paper carries a recent synonymy. 

1966a.- Linopteris neuropteroides (von Gutbier) H. Potonie - Wagner, 
p. 27, 28, 41, 43, 48, 50, 73, 98, 99, 102, 103 ; PL 16, fig. 31 ; 
Pl. 40, figs 87-88. 

1967. - Linopteris neuropteroides (von Gutbier) H. Potonie - Wagner, 
p. 55, lam. I, fig. 2. 

Material. - Six detached pinnules of L. neuropteroides were collected, 
this being the most abundant single element in the flora of lac. 1075. 

Remarks. - These specimens are all typical examples of Linopteris 
neuropteroides var. major Potonie which can be regarded as equalling 
the type of the species. The size ranges from 10 to 45 mm length, in 
pinnules showing a width of 6 to 14 mm. They show equally rounded 
bases, parallel borders and a somewhat tapering, but rounded apex, 
and a nervation which is characterised by a weakly expressed midvein 
and steeply ascending laterals anastomosing into elongate vein meshes. 

Recent descriptions of this species in N.W. Spain are found in 
Wagner 1964h, 1966•. It ranges from Westphaliall' A to Autunian. 

Reticulopteris germari (Giebel) Gothan 
Pl. 34, fig. 6 

1857. - Lonchopteris germari Giebel, p. 301-303, Taf. 1. 

1941. - Reticu/opteris germari (Giebel) Gothan, p. 428. 
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1964h.- Reticu/opteris gennari (Giebel) Gothan - Wagner, p. 26-31, 
Pl. 17, figs 3 5-3 7. N.B. This paper contains a recent synonymy, 
particularly with regard to Spain. 

Material. - Two fragments of pinnules. 

Remarks. - Even though the specimens collected are exceedingly 
fragmentary, the identification is not in doubt since the leathery appear
rance of the limb, the distinct midvein, and the transversely elongate, 
relatively wide lateral vein meshes are easily distinguishable. This 
species is usually found in environments some distance removed from 
coal seams, and it may thus be a representative of the drier hill flora, 
like Neuropteris planchardi, discussed above. Reticulopteris germari 
has most commonly been reported from Stephanian B-C and Autunian 
strata, but it has recently been found also in early Stephanian rocks of 
probable upper Cantabrian age (Wagner 1967, lam. I, fig. 1). Its 
occurrence may be to a large extent facies controlled. 

Callipteridium (Praecallipteridium) jongmansi (P. Bertrand) Wagner 
Pl. 34, figs. 1, 1 a. 

1932. - Pecopteridium Jongmansi P. Bertrand, p. 100-102, Pl. LX, figs l-3b. 

1932. - Pecopteridium Cuvelettei P. Bertrand, p. 99-100, Pl. LIX, figs l-3a. 

1944. - Pecopteridium Jongmansi P. Bertrand - Teixeira, p. 58, Est. II, 
figs 2-3. 

1951. - Pecopteridium Cuvelettei P. Bertrand - Teixeira, p. 10-11, Est. 
VIII-XI. 

1962. - Callipteridium jongmansi (P. Bertrand) Wagner, Pl. 30, figs 12-13. 

1963. - Ca/lipteridium (Praeca//ipteridium) jongmansi (P. Bertrand) Wagner, 
p. 720, 721. 

1966a.- Ca/lipteridum (Praeca//ipteridum) jongmansi (P. Bertrand) Wagner1 

p. 106-108, Pl. 32, fig. 72. 

N.B. - This paper contains a more complete list of synonymy. 

1969. - Ca/lipteridium (Praeca/lipteridium) jongmansi (P. Bertrand) Wagner, 
in Wagner, Villegas & Fonolla, p. 126, Pl. 2-3, figs 6-9a. 

Material. - Four isolated pinnules. 

Remarks. - The specimens collected from loc. 1705 show the round
ed triangular shape of the pinnules as well as the closely arranged and 
rather steeply angled nervules which indicate either Callipteridium 
jongmansi or Callipteridium striatum Wagner. Since the latter species 
is apparently derived from the former by the gradual introduction of 
intercalated pinnules on the rachides of the penultimate order, and in 
view of the fact that this transition was found to be not wholly com
pleted at the horizon of the Peiiacorba coals, higher up in the succes-
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sion near Barruelo, there is little doubt that Callipteridium jongmansi 
is the species represented in loc. 1705 of the Braiiosera Formation. 

Teixeira (1951) has suggested that « Pecopteridium » cuvelettei may 
be identical to « Pecopteridium » jongmansi and has pointed out that 
both species were established on rather inadequate material. 

Callipteridium jongmansi ranges from upper Westphalian D (or 
even Westphalian C if Call. cuvelettei is accepted as a synonym) to 
upper Cantabrian (compare Wagner 1966a, p. 107, and the lists pre
sented in the present paper). 

Dicksonites pluckeneti (von Schlotheim) Sterzel 

Material. - One fragment of a pinna of the last order (imprint and 
counterprint). 

Remarks. - This species is easily recognised because of its rather 
stiff pinnules with angular lobes, a sphenopteroid venation, and a peco
pteroid insertion. The pinnules are not only broadly based but some
what confluent. The midveins are inserted at wide angles and there is a 
tendency for the pinnules to be almost perpendicular on the sturdy 
rachis. 

Dicksonites pluckeneti ranges from middle Westphalian D to up
per Stephanian or even Autunian. 

Pseudomariopteris ribeyroni (Zeiller) Danze-Corsin 
Pl. 35, figs. 4, 4a. 

1888. - Dip/otmema ribeyroni Zeiller, in Renault & Zeiller, p. 91-94, Pl. IV, 
figs 3-5A. 

1938. - Mariopteris? ribeyroni (Zeiller) Bell, p. 52, Pl. XLIV, figs 1-3. 

1940. - Dip/otmema ribeyroni Zeiller - Teixeira, p. 1-4, 13 figs. 

1950. - Dip/otmema ribeyroni Zeiller - Gomez de Llarena, p. 77, lam. XIX. 

1953. - Pseudomariopteris ribeyroni (Zeiller) Danze-Corsin, p. 34-35. 

1962. - Pseudomariopteris ribeyroni (Zeiller) D.C. - Wagner, p. 757, 
Pl. 33, fig. 39. 

1966a. - Pseudomariopteris ribeyroni (Zeiller) D.C. - Wagner, Pl. 39, fig. 84. 

1966. - Pseudomariopteris dimorpha (11011 Lesquereux) Stockmans & Willie
re, Pl. XXI, figs 1-3a. 

1966. - Pseudomariopteris ribeyroni (Zeiller) D.C. - Stockmans & Willie
re, Pl. XXX, fig. 3 ; Pl. XXXVII, figs 3-4. 

1968. - Pseudomariopteris ribeyroni (Zeiller) D.C. - Vetter, p. 122-123, 
Pl. XXXVII, fig. 3 ; Pl. XXXVIII, fig. 1. 
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Material. - One fragment of a pinna with several pinnules. 

Remarks. - The specimen found in loc. 1705 is totally characteristic, 
despite its fragmentary preservation. It consists of a thin rachis with 
six pinnules which are markedly constricted on the acroscopic and 
slightly decurrent on the basiscopic side. The shape of the pinnules is 
ovate. A clearly marked, persistent midvein, is accompanied by fine, 
very indistinct but apparently rather widely spaced laterals. 

The list of synonymy quoted here is incomplete, but contains the 
references to all the figured specimens of Pseudomariopteris ribeyroni 
in the Spanish literature. It will be noted that Stockmans & Williere 
(1966) figured some remains of Pseudomariopteris ribeyroni under the 
name of Pseudomariopteris dimorpha (Lesquereux) St. & Wi. No 
reasons were given for (1) figuring material of Ps. ribeyroni under the 
latter name, and (2) transferring Lesquereux's species to Pseudomario
pteris. On the other hand, one can see that Lesquereux's (1879, 
Pl. XXXV, figs. 1-6) diagrammatic illustrations of the types of his 
« Pseudopecopteris » dimorpha bear a resemblance to Pseudomariopte
ris ribeyroni. One should also remember, however, that Lesquereux 
(1884, p. 750) observed that the types figured in 1879 were deformed 
and that « therefore, their true features are not distinctly seen » (loc. 
cit.). Lesquereux (1884, Pl. XCVIII, figs 4, 4a) further proceeded 
to figure a specimen which he obviously regarded as more typical. Even 
though Lesquereux may have figured two different species on these two 
occasions (an assumption which may be hard to verify on the basis of 
his diagrammatic drawings), there is no useful purpose in trying to 
interpret the tectonically deformed original types and to exclude the 
apparently better preserved specimen figured in 1884 (and refigured in 
Wagner 1958a). Although, again, there is no clear statement to that 
effect, this appears to be Stockmans' intention as follows from a list 
published in Helmig 1965 (p. 104), where Sphenopteris dimorpha 
Wagner (non Lesquereux) is quoted. 

Pseudomariopteris ribeyroni (Zeiller) is known from late Westphal
ian D onwards (Bell 1938 ; Wagner in Spinner 1965, p. 85). In Spain, 
it has been found in lower Cantabrian rocks at Tejerina (Wagner, Ville
gas & Fonolla 1969), middle Cantabrian strata near Valderrueda 
(Wagner 1964a, p. 838), and numerous localities of Stephanian A, B 
and C ages (cf. Wagner 1966a). It is noted that the species is rare below 
Stephanian A (sensu stricto) and only common in Stephanian B and C. 
Vetter (1968, p. 122) mentions that it persists into Autunian. 

Within the range of stratigraphic occurrence of Pseudomariopteris 
ribeyroni it is noticeable that the earlier examples of this species are 
characterised by slender pinnules, whereas the later ones become rela-
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tively broader, up to the point where a special variety may be recog
nised. The latter has been described as Pseudomariopteris villablinensis 
A. Ramis & Doubinger, in 1965. 

Sphenopteris cf. mendes-correae Teixeira 
Pl. 35, fig. 1. 

1939. - Sphenopteris Mendes-Correae Teixeira, p. 13-15, Est. X., figs 1-2, 
5; Est. XI, figs 1-3 ; Est. XII; Est. XIII, figs 1-3 ; Est. XIV, figs 1-4. 

1944. - Sphenopteris (Crossotl1eca) Mendes-Correae Teixeira, p. 75, Est. 
XIII, figs 1-2. 

1964. - Sphenopteris mendes-corrae Teixeira - Wagner, p. 841. 

Material. - Four fragments of pinnae and pinnules, one of which 
shows part and counterpart. 

Remarks. - The specimens collected show relatively short pinnules 
(which are a little longer than they are broad) with digitate lobes. Fully 
developed pinnules are split into five lobes, each of which appears to 
be commonly trifurcate. The limb of the pinnules, though following the 
venation, is flattened out sideways, so as to produce relatively wide 
segments which are bluntly pointed at the tips. 

Teixeira's species is probably not well enough figured and described 
to be sure of its characteristics, and the identification must therefore 
remain tentative. The specimens at hand are also rather fragmentary. 
However, Teixeira's Est. XI, fig. 1, showing the average kind of fully 
developed pinnules, is closely comparable to the specimen figured in 
the present paper. 

It is also possible to compare with Sphenopteris spinosa Goeppert 
(see Kidston 1923, Pl. XIV, figs 4, 4a) or Sphenopteris alata Brongniart 
(see Kidston 1923, Pl. XIX, figs. 5, 5a-b), but in both cases the pinnules 
appear to be relatively longer, with more steeply angled lobes. A good 
resemblance is found with Sphenopteris cantiana Kidston, as figured by 
Bell (1938, Pl. IX, figs 1-2), but the identification of Bell's specimen 
with Kidston's species may be subject to reservation. Bell's specimen 
came from a locality approximately 100 m below the Emery Seam in 
the Sydney coalfield, Nova Scotia, from rocks corresponding apparently 
to early Westphalian D. 

An additional comparison can be made with Sphenopteris digitata 
Doubinger (in Vetter 1968, p. 83-84, Pl. XL, figs 5-6) which is ex
tremely similar to the material in hand. Unfortunately, this species is 
based on a single figured specimen which represents the apical part of 
a pinna of the penultimate order. The ordinary pinnules not being re
presented in this specimen, it is difficult to make an adequate compar-
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ison with regard to the shape and dimensions of the average, fully 
developed pinnules. Sphenopteris mendes-correae and Sphenopteris 
digitata have been recorded from Stephanian B and late Stephanian A 
strata, respectively. 

, ,Taeniopteris sp. 
r1. 34, figs. 7' 7a. 

Material. - Imprint of the upper surface of the incomplete apical 
part of one half of a leaf. 

Remarks. - The specimen in hand shows a portion of the apical part 
of a leaf which is characterised by a persistent midvein and widely 
angled lateral veins which are perpendicular on the leaf border. The 
lateral veins commonly bifurcate once, at varying distances from the 
midvein, and some of the veins appear to be single. This type of vena
tion strongly suggests Taeniopteris, but the fragmentary preservation 
precludes a specific identification. The possibility that this fragment 
might be assigned to Cyclopteris appears to be eliminated by strong 
evidence for a persistent midvein, continuing up to the apex of the leaf. 

Taeniopteris in Upper Carboniferous times belongs to a group of 
seed plants (with the male synangium Ilfeldia - Remy 1953, and the 
seed-bearing Spermopteris - Cridland & Morris 1960) which, in the case 
of Taeniopteris jejunata Grand'Eury, appear to show a spiral insertion 
of simple leaves (according to hitherto unpublished information which 
does not support the often published notion that this species would 
possess pinnate fronds). It would appear unlikely that the Upper Car
boniferous members of Taeniopteris should be assigned to the Pterido
spermales, as has been suggested by various authors, and the affinities 
may prove to lie with either the Progymnospermopsida or the Cyca
dopsida. Whatever the botanical affinities of these Taeniopterids may be 
(and this is not the place to discuss them in detail), it is certain that 
these plants occupied an environment which is not that of the coal 
swamp. This may explain the presence of a fragment of Taeniopteris 
in the flora of loc. 1705, which is clearly allochthonous. The usual 
occurrence of Taeniopteris is from Stephanian B onwards, and even 
then it is generally rare. 

Sphenophyllum cf. majus Bronn 
Pl. 34, fig. 5 ; Pl. 35, fig. 2. 

1835. - Sphenophyl/11111 majus Bronn, p. 32, Taf. VIII, figs 9a-b. 

1962. - Sphenophyl/um majus Bronn - Remy, p. 235-241, Tafn 1-2, 
Taf. 3, figs 1-10. 
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Material. - Two specimens, showing three reasonably well preserved 
whorls of leaves. 

Remarks. - The specimens in hand show six leaves per whorl. The 
leaves are a little less than twice as long as wide and vary in length from 
5 to 7 mm and in width from 3 to 4 mm. They are shallowly cleft in the 
middle, and possess straight lateral margins and a very slightly rounded 
distal one. The veins end in rather blunt teeth, 12 in number. 

Remy's description of Sphenophyllum majus, on the basis of mater
ial from the type area, succeeded in restricting this species which 
was used in a rather wide sense by most authors. Remy mentioned in 
his diagnosis that the leaves of Sphenophyllum majus were generally 
larger than 15 mm in length, and that they were rather deeply cleft, 
with 14 to 16 teeth on the distal border. The specimens in hand are 
smaller, less deeply cleft, and possess fewer teeth. On the other hand, 
the length/breadth ratio and, particularly, the blunt teeth agree with 
the description as given by Remy. It is likely that the leaves of the 
specimens in hand are merely smaller than usual, and that this explains 
also the smaller number of teeth and the more shallow cleft on the 
distal border. However, it does not seem to be warranted to make a 
straight identification with Sphenophyllum majus. 

This species is usually recorded from Upper Westphalian strata, 
and P. Bertrand (1937) mentioned it from the Stephanian A of Rive
de-Gier. However, most records (and including that of Bertrand) pre
date the revision of the species. 

Cordaites sp. 

Four fragments of Cordaites leaves have also been found in the 
allochthonous assemblage of loc. 1705. 

VI. BRACIDOPOD DESCRIPTIONS (C.F. Winkler Prins) 

The brachiopod faunas described in this chapter were collected from 
two localities (97 and 517) in the Brafi.osera Formation and two (1708 
and 6) in the Barruelo Formation (Table 1). Initial collecting was done 
by R.H. Wagner. The specimens are mainly stored in the Rijksmuseum 
van Geologie en Mineralogie (National Museum of Geology and Miner
alogy) at Leiden, the Netherlands (catalogue numbers preceded by 
RGM-St.) Duplicate material will be housed in the collections of the 
Instituto « Lucas Mallada » of the Consejo Superior de Investiga
ciones Cientfficas at Madrid, Spain. 
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97 517 1708 6 Mo/ Ka 
Ka 

Orbiculoidea sp. x 
Rhipidomella sp. x x 
Streptorhynclws rcliq1111J Gauri 1965 cf x 
Mesolobus simw.ms (Schcllwien 1898) x x 
Neochm1ctes latesimwtus miaokoueusis (Chao 1928) x x 
Tomquistia sp. x 
Al•onia (Quasim•onia) echidni/ormis (Chao 1925) cf x 
marginiferids x x x x 
Juresania subpunc:tata (Nikitin 1890) x 
Karm 1a11kina paraelegans Sarychevu 1968 x x 
Chaoiella sp. x 
Linoproducllls sp. x 
'Horridonia' inc:isa (Schcllwicn ~ 900) x x 
rhynchonellids x 
athyrids x 
At1e1111atel/a freclzi (Schcllwicn 1892) a!! a!! 
Brachythyrina camica (Schellwicn 1892) x x 
Plicatocyrtia zitteli (Schcllwien 1892) x x x x 
Clwristites fritschi (Schc11wien 1892) x x 
Martinia karawanica Volgin 1960 x x 
BIVALVIA x x x x 
GASTROPODA x x x x 
CEPHALOPODA (orthocones) x 
ANTHOZOA x 
BRYOZOA x x 
CRINOIDEA x x x x 
TRILOBITA x x 
OSTRACODA x x x x 
Acratia sp.,Bairdia sp., Hollinella sp. x 
FUSULINIDA x 
PORIFERA x 
ALGAE x x 

Erratum 
For Meso/obus sinuosus, read Meso/obus? sinuosus. 
For Neoclwnctes, read Neoclwnetes. 

x 

x 
x 

x 

U.S.S.R. 

Ur M.P. Mo Ka 

x 
x 
X" 

x x 

x x 
x x 

x 

x 
x 
x x 
x x 

For Martinia karawanica Volgin 1960, read ... Volgin 1959 

Gz Sa 

x 

x 

x 

TABLE I. - List of brachiopods and other fossils from the lower 
Stephanian of the Barruelo region (Brafi.osera and Barruelo Form-

ations) and their stratigraphic occurrence in other areas. 

The abreviations used are : Mo = Moscovian ; Ka = Kasimovian ; 
Gz = Gzhelian; Ur = Uralian ( = Kasimovian, Gzhelian and Oren
burgian); Sa = Sakmarian (upper part of the Lower Permian); 

M.P. = Middle Permian (i.e. the Trogkofel Limestone). 

1) Neochonetes latesinuatus miaokouensis (Chao) does not occur in the Kasi
movian of the U.S.S.R., but in the Miaokou Limestone ,of the Taiyuan Series 
in Northern China, which is considered to be of Kasimovian age. 
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Both moulds and shells were found. The latter preservation is normal 
in localities 517 and 6, and prevails in loc. 97. The figured brachiopods 
have been whitened with magnesium oxyde, with the exception of those 
reproduced on plate 36, figs. 7, 8, which were whitened with ammo
nium chloride. The latter were photographed by Mr. W.C. Laurijssen, 
whose skillful assistance is gratefully acknowledged. 

STROPHOMENIDA 

Streptorhynchus cf. reliquus Gauri 1965 
vide 1892. - Orthotetes semiplanus Waagen - Schellwien, p. 31, pl. VI, 

figs 6-9. 

vide 1965. - Streptorhynchus reliquus Gauri, p. 61, pl. 11, figs 10, 13 ; 
pl. 12, figs 6-9. 

Remarks. - Only the impression of the brachial valve of a juvenile 
was found. It can only tentatively be referred to S. reliquus. The speci
men is transversely suboval, slightly convex, without an interarea. 
Ornament consists of costae branching near the middle of the valve, with 
3 costae per mm on the anterior margin. The specimen (RGM-St. 
142814) is 4.2 mm long and 6.6 mm wide. 

Stratigraphic distribution. - Streptorhynchus reliquus was known 
from Uralian deposits of the Carnie Alps. The present specimen is 
from the Brafiosera Formation (loc. 97). 

Mesolobus? sinuosus (Schellwien 1898) 
Pl. 37, fig. 3. 

1892. - Chonetes /obata Schellwien, p. 29, pl. 1, figs 1-3. 

1898. - Chonetes sinuosa Schellwien, p. 697, footnote. 

1968. - Meso/obus sinuosus (Schellwien) - Winkler Prins, p. 116, pl. IX, 
fig. 19 (for a more extensive synonymy see Winkler Prins 1968). 

Remarks. - A single specimen (RGM-St. 142724) was described 
from Palencia in 1968. It probably originated from the Brafiosera Form
ation. Eleven additional specimens were collected from the Brafiosera 
Formation in its type section (loc. 517, RGM-St. 142861-874). Their 
length ranges from 5.6 mm to 9.1 mm, and their width from 8.3 mm 
to 16.7 mm. To the description given in 1968 we may add that the 
brachia! valve has an ornamentation similar to that of the pedicle 
valve, and that the interareas are narrow and reflexed. The internal 
characteristics are still insufficiently known. 

Discussion. - Schellwien (1892, 1900) used the name Chonetes sinu
osa for two quite distinct species, a Carboniferous and a Permian one. 
The reason why the name sinuosa was retained for the Carboniferous 
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species has been given earlier (Winkler Prins 1968, p. 116), and its 
special place in the genus Mesolobus has been discussed. The prominent 
costae and the broad median sulcus, containing a relatively broad and 
shallow fold, suggest that this species belongs to a separate (new) 
genus. For the time being, this species is retained in Mesolobus until 
the interior characteristics are better known. Chao (1928) referred 
Chonetes sinuosus to C. latesinuatus Schellwien, but Heritsch (1931, 
p. 10) pointed out that the two species are clearly different. On the 
other hand, he agreed with Chao that C. sinuosus is not closely related 
to C. mesolobus. This provides support for the present author's opinion 
that C. sinuosus may belong to a new genus and not to Mesolobus. 

Stratigraphic distribution. - In the Cantabrian Mts., this species has 
been found in the Braiiosera Formation. In the Alps, it has been 
re.corded from deposits of uppermost Moscovian or lower Kasimovian 
age, on the basis of fusulinid foraminifera (Passini 1963). Ivanova 
(1958, pl. XIX, fig. 4) figured it as Chonetes (Mesolobus) mesolobus 
Norwood & Pratten from Kasimovian strata of the Moscow Basin. 

Neochonetes latesinuatus miaokouensis (Chao 1928) 
Pl. 36, fig. 6-8. 

1928. - Chonetes latesinuatus Schellwien var. miaokouensis Chao, p. 26, 
pl. II, figs 13, 14, 16. 

Description. - Rectangular species (5.3 - 11.8 mm long and 10 -
24.3 mm wide) of Neochonetes with pointed cardinal extremities. 
Pedicle valve convex, with a rapidly widening sulcus towards the ante
rior margin and an ornamentation of branching costae ( 4 per mm) ; 
umbo small, only slightly turned over the hinge ; at least 4 spines on 
each side of the umbo, at a narrow angle with the hinge ; interarea 
linear, moderately broad; delthyrium partly closed by a small pseudo
deltidium. Brachia! valve moderately concave, similar to the pedicle 
valve, but with acute, intercalating costae ; interarea narrow, slightly 
reflexed ; cardinal process externally quadrilobed and internally bilobed; 
chilidial plates well developed. Interior of pedicle valve shows a short, 
rather thick median septum with more or less well developed vascular 
trunks starting at its anterior end ; surface weakly costate, and covered 
with radial rows of small pustules ; adductor scars oval and positioned 
near the median septum ; diductor scars broad, diverging and weakly 
developed. Interior of brachial valve with well developed socket ridges 
diverging at an angle of about 30° to the hinge-line and continuing 
into variably developed brachia! ridges (pl. 36, fig. 6 shows extremely 
well developed brachia! ridges) ; alveolus present ; breviseptum thin, 
becoming thicker and higher towards its anterior end at two thirds of 
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the valve length ; anderidia (as defined by Sadlick 1965) short but 
well developed ; adductor scars elongate oval ; surface finely costate 
and pustulose around the anterior margin ; ears smooth ; brachial area 
with only a few, but larger pustules. 

Discussion. - The subspecies miakouens;s is distinguished from 
Neochonetes latesinuatus latesinuatus (Schellwien 1892) by its finer 
costation and its mucronate ears. 

Stratigraphic distribution. - This subspecies, which is here recorded 
from the Polvorin Member of the Barruelo Formation (loc. 1708, 
RGM-St. 143205-250) was hitherto known only from the Miaokou 
Limestone at the base of the Taiyuan Series. This limestone is considered 
to be of early Gzhelian age (Chao 1927). It therefore seems to charac
terise the Kasimovian. 

Tornquistia sp. 

Remarks. - A composite mould of a brachia! valve belonging to a 
small, smooth chonetid has been found at loc. 97 (RGM-St. 142886). 
It has a rounded quadrate, markedly convex shape ; a narrow, reflexed 
interarea, weakly developed chilidial plates and a quadrilobed cardinal 
process. Impressions of two diverging septa show them to be half the 
valve length. Interarea of pedicle valve narrow, broadly triangular, 
with a convex deltidium. The specimen is 6.3 mm long and 7.7 mm 
wide. 

The two septa and the absence of a median fold prove that this 
brachia! valve belongs to the genus Tornquistia. However, the single, 
slightly deformed valve is insufficient for a specific identification. 

Stratigraphic occurrence. - Tornquistia mainly occurs in the Lower 
Carboniferous but the genus is also represented in the Westphalian of 
western Europe and in the Moscovian and Kasimovian of the U.S.S.R. 
It is here recorded from the Brafiosera Formation. The genus Torn
quistia ranges in the Cantabrian Mts. from the lowermost Visean (see 
Winkler Prins 1968, p. 112ff) to Kasimovian. 

Avonia (Quasiavonia) cf. echidniformis (Chao 1925) 

vide 1927. - Avo11ia echidniformis Grabau, em. Chao - Chao, p. 120, pl. 
XIV, figs 17-27. 

vide 1968. - Avonia (Quasiavonia) echidniformis (Chao) - Winkler Prins, 
p. 78, pl. I, figs 21, 22. 

Remarks. - One fragmentary brachial valve (RGM-St. 142509) shows 
the internal surface. It is rounded quadrate, weakly concave, with an 
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incipient costation at its anterior margin ; internal surface endospinose ; 
lateral ridges diverging at an angle of 30° from the hinge ; median 
septum one third of valve length. Valve length 12.3 mm, half the width 
10 mm. The poor preservation precludes a definite identification. 

Stratigraphic distribution. - This species has a wide stratigraphic and 
geographic range and has been found in Moscovian and Uralian 
( = Upper Carboniferous of Russian authors) deposits of Eurasia (from 
Spain to China). In the Cantabrian Mts, it has been found in rocks of 
Moscovian and Kasimovian ages. The present specimen is from loc. 97 
in the Brafiosera Formation. A better specimen (Br. 1602 = RGM-St. 
142507) was figured from a locality at 2.5 km NE of Vergafio (Winkler 
Prins 1968, p. 79, pl. 1, fig. 22). This was recorded as coming from the 
Myatchkovian Corisa Formation, but was probably collected from 
disconformable Kasimovian rocks. 

Juresania subpunctata (Nikitin 1890) 

1890. - Productus subpunctatus Nikitin, p. 58, 159, pl. I, figs 5, 6. 

1965. - Juresania subpunctata (Nikitin) - Gauri, p. 83, pl. 15, figs 5-7. 

1968. - Juresania subpunctata (Nikitin) - Winkler Prins, p. 95, pl. V, 
fig. 9 (for an extensive synonymy see Winkler Prins 1968). 

Remarks. - A recent description of this species has been given by the 
writer in 1968. One fragmentary pedicle valve closely resembling a 
specimen figured by Gauri (1965, pl. 15, fig. 7) has been found in the 
Brafiosera Formation (loc. 97, RGM-St. 142532). 

Stratigraphic distribution. - J. subpzmctata has been reported from 
the Russian Upper Carboniferous and from deposits of the same Ural
ian age in the Alps. In the Cantabrian Mts., it has been recorded 
from Upper Moscovian rocks and now also from Kasimovian strata. 

Genus KARAV ANKINA Ramovs 1966 

1966. - Karavankina Ramovs, p. 120. 

1968. - Karavankina Ramovs - Winkler Prins, p. 95. 

1968. - Echinoconchus (Karal'ankina) Ramovs - Sarycheva, p. 93. 

Discussion. - Sarycheva (1968) considered Karavankina as a sub
genus of Echinoconchus, since both genera possess a similar external 
ornamentation. However, as Ramovs observed, the internal character
istics are sufficiently different to warrant a generic separation. The 
type species, Karavankina typica Ramovs, was incompletely described 
in 1966, but a full description has been given by Ramovs in 1969. 
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Karavankina paraelegans Sarycheva 1968 
Pl. 3 7, figs. 4-5. 

1968. - Echinoconchus (Karavankina) paraelegans Sarycheva, p. 98, pl. VII, 
figs. 9-12, text-fig. 39. 

Description. - Small, elongate oval shell. Pedicle valve shows a 
large umbo with steep flanks ; umbo incurved over the hinge, which is 
almost as wide as the greatest width ; ears small, well delimited from 
the remainder of the shell. Ornamentation consists of concentric bands 
set with three rows of long and slender spines, the first row contain
ing the larger spines. The bands are more narrow on the flanks and on 
the ears where there are also fewer spines per band. The interior of the 
pedicle valve shows part of the external ornamentation and concentric 
rows of endospines (one per band). Brachia! valve nearly flat, rounded 
quadrate ; ornamentation similar to that of the pedicle valve, but with 
narrower bands. Internal ornamentation of the brachial valve partly as 
external, with concentric rows of endospines. Breviseptum separated by 
a shallow alveolus from the bilobed cardinal process, and one third the 
valve length. Muscle plates (formerly called buttress plates but, in fact, 
quite different structures which served for muscle attachment) rather 
low and narrow, at an angle of 35° to the median septum. Cardinal 
process massive, supported by the muscle plates and by the lateral 
ridges which, at first, run parallel to the hinge and then diverge slightly 
from the hinge before reaching the ears. A medium sized pedicle valve 
is 5.5 mm long and 4.2 mm wide; a large brachia! valve measures 
6.8 mm in length and 10.4 mm in width. 

Discussion. - The specimens described here are smaller than those 
originally recorded by Sarycheva, but this may be due to either a less 
favourable environment or to a less mature stage of development of 
the Spanish specimens. The fact that the lateral ridges do not cross the 
ears, as they do in the Russian specimens, tends to favour the latter 
interpretation. 

Stratigraphic distribution. - Karavankina paraelegans has been de
scribed by Sarycheva from Upper Moscovian to lowermost Kasimovian 
deposits of Kazakhstan. It is here recorded from the Braiiosera Form
ation (loc. 97, RGM-St. 142820-829 ; loc. 517, RGM-St. 142816-819). 

« Horridonia » incisa (Schellwien 1900) 
Pl. 37, fig. 6. 

1900. - Productus incisus Schellwien, p. 54, pl. VIII, figs 3-5. 
1938. - Horridonia incisa (Schellwien) - Heritsch, p. 115. 
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Remarks. - « Horridonia » incisa is a small productid. Pedicle valve 
highly convex with a large umbo, strongly incurved over the hinge, 
and with a deep median sulcus starting at an early growth stage. Sur
face smooth, except for a few symmetrically placed spines. Interior 
surface pustulose. Specimens vary in length from 4.5 mm to 7.8 mm, 
and in width from 3.9 mm to 4.5 mm. They were found in the Brafio
sera Formation at loc. 97 (RGM-St. 142831-833) and at loc. 517 
(RGM-St. 142835-845). 

Although the attribution of Productus incisus to the genus Horridonia 
is no longer acceptable, there is no other genus to which this species 
can be readily attributed. Also the internal characteristics are insuffi
ciently known. 

Stratigraphic distribution. - Schellwien (1900) described this species 
from the Trogkofel Limestone of the Dolzanova Gorge (Yugoslavia), 
i.e. from the lower part of the Middle Permian (see Kahler & Prey 
1963, p. 43, 44). Likharev (1937, fide Heritsch 1938) reported this 
species from Sakmarian deposits of the U.S.S.R. The present occur
rence in the Brafiosera Formation is undoubtedly much older (Kasi
movian). 

SPIRIFERIDA 

A ttenuatella aff. frechi (Schellwien 18 92) 
Pl. 36, figs. 1-5. 

vide 1892. - Martinia Frechi Schellwien, p. 40, pl. IV, figs 16, 17. 

Description. - Pedicle valve with a massive umbo, slightly incurved 
over the high apsacline area bounded by narrow beak ridges ; median 
sulcus shallow, narrow and vanishing towards the anterior margin ; del
thyrium narrow, triangular. Interior with partly filled umbonal cavity; 
muscle platform with a median groove, similar to that of Attenuatella 
convexa but with less distinct boundary ridges ; teeth well developed. 
Brachial valve weakly convex, with a median flattening and a rounded 
quadrate outline. Interior with prominent socket ridges and crural bases 
and a pustulose cardinal process ; brachidia unfortunately not observed 
in the specimens sectioned. Length: 3.3 mm - 10.6 mm; width: 4.0 mm 
- 11.5 mm. 

Discussion. - The elongate shape, elevated platform for muscle attach
ment and the other internal characteristics suggest that Martinia frechi 
Schellwien should be assigned to Attenuate/la. The Spanish specimens 
have an identical muscle platform to that of A. frechi as figured by 
Schellwien ( 18 92) on his pl. IV, fig. 17. On the other hand, they appear 
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to be more elongate in outline. However, some specimens approximate 
in shape the more complete specimen figured by Schellwien (1892, 
pl. IV, fig. 16). The latter may have been a rather extreme quadrate 
specimen, but this cannot be verified since the types are no longer 
available. According to Professor Dr. H.W. Matthes (pers. comm.) they 
cannot be found in the collection of the Museum ftir Mitteldeutsche 
Erdgeschichte-Geiseltalsammlung at Halle-Wittenberg, German Demo
cratic Republic, and they may have been lost. Until topotype material 
can be collected, a definite identification is impossible. The Cantabrian 
specimens are therefore referred to provisionally as Attenuatella aff. 
frechi. 

They differ from the Australian Lower Permian species A. convex a 
by the more massive umbo, which is slightly incurved over the area, and 
the indistinct boundary ridges of the muscle platform. A. omoloensis 
Zavodowsky 1968, from the Russian Lower Permian, is closely compar
able to the Spanish species, but has a narrower, less incurved umbo. 

Stratigraphic distribution. - Attenuatella frechi has been described by 
Schellwien from Kasimovian deposits of the Carnie Alps. A. aff. frechi 
has been found in the Brafiosera Formation at loc. 97 (RGM-St. 
142901-909) and loc. 517 (RGM-St. 142910-925), and is also of 
Kasimovian age. These are the only two occurrences of Attenuate/la 
in the Upper Carboniferous. All the other species of this genus are 
Permian in age. Armstrong (1968) gives the range of Attenuatella as 
Lower to Upper Permian but may not have considered Martinia frechi 
of Schellwien (1892) as belonging to this genus. The full range of Atte
nuate/la is from Uralian (or- Stephanian) to basal Upper Permian. 

Brachythyrina carnica (Schellwien 1892) 
Pl. 38, figs. 4, 5. 

1892. - Spirifer Camicus Schellwien, p. 45, pl. IV, figs 1-5. 

1932. - Spirifer (Choristites?) camicus Schellwien - Ozaki, p. 39, pl. I, 
fig. 15. 

1936. - Spirifer camicus var. grandis Schellwien - Metz, p. 171, pl. VI, 
fig. 14. 

1965. - Brac/1ythyri11a carnica (Schellwien) - Gauri, p. 43, pl. 6, figs 8-15. 

Description. - Medium sized Brachythyrina with the hinge less than 
double the length as measured along the curvature. Pedicle valve with 
a broad umbo projecting beyond the hinge ; sulcus with median 
plication ; ears small mucronate ; delthyrium covered by deltidial plates ; 
hinge plates weakly developed ; ornamentation of up to 25 plicae, some 
of those near the median sulcus bifurcate. Brachia! valve with pronoun
ced median fold. 
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Discussion. - Spirifer carnicus var. grandis Schellwien as figured by 
Metz (1936) should rather be attributed to the type variety (Gauri 
1965, p. 44). Gauri (Zoe. cit.) also gives a comparison with other 
species of Brachythyrina. 

Stratigraphic distribution. - B. carnica has been found in several 
localities of Uralian age in the Carnie Alps. It is recorded here from the 
Braftosera Formation at Ioc. 97 (RGM-St. 142897-900). 

Plicatocyrtia zitteli (Schellwien 1892) 
Pl. 38, figs. 2, 3. 

1892. - Spirifer zitteli Schellwien, p. 48, pl. IV, figs 6-9 (non fig. 10). 

1965. - P/icatocyrtia zitteli (Schellwien) - Gauri, p. 55, pl. II, figs 10-12. 

Description. - Medium sized, broad, oval shell. Pedicle valve with a 
rapidly widening, smooth median sulcus; umbo broad, turned over the 
hinge ; interarea curved, rectangular, notched near the hinge ; delthy
rium covered by deltidial plates ; hinge plates weakly developed ; plicae 
bifurcating occasionally on the flanks ; growth lines strongly developed. 
Brachia! valve with a large fold, bearing two lateral grooves and a 
weak median one. 

Discussion. - The genus Plicatocyrtia of Gauri (1965), based on 
Spirifer zitteli, is not well established, and is closely comparable to 
Fusella McCoy, the type species of which is also poorly known. A 
close connection to the genus Brachythyrina seems probable, but 
cannot be proven. 

Schellwien considered his figure 10 as a variety, but did not name it. 
This specimen is here excluded from the species. Spirifer zitteli Schell
wien as figured by Rakusz (1932, p. 179) is a variety distinguished by 
a weak plication of the ventral sulcus. His two recorded varieties (op. 
cit., p. 73, 74) are also clearly distinct. Spirifer zitteli Schellwien var. 
indet. of Metz (1936) is too poorly preserved to be identifiable. 

Stratigraphic distribution. - P. zitteli is known from Uralian deposits 
of the Alps. It has been found also in the Braftosera Formation at loc
alities 97 and 517 (RGM-St. 142895, 896) and in the Polvorin Member 
of the Barruelo Formation (loc. 1708, RGM-St. 142894). 

Choristites fritschi (Schellwien 1892) 
PI. 38, fig. 1. 

1892. - Spirifer Fritschi Schellwien, p. 43, pl. V, figs 4-8. 

1905. - Spirifer Fritschi Schellwien - Stuckenberg, p. 124, pl. V, fig. 10; 
pl. VII, fig. 7. 
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1927. - Spirifer Fritschi Schellwien - Heritsch, p. 303, pl. III, fig. 19. 

E.P. 1931. - Spinjer Fritschi Schellwien - Heritsch, p. 25, pl. II, figs 67-70 
(non figs 71-74). 

1931. - Spirifer (Clwristites) fritschi Schellwien - Ozaki, p. 38, pl. II, 
fig. 6. 

1932. - Munel/a cfr. fritsc/1i (Schellwien) - Rakusz, p. 76, pl. IV, fig. 3. 

1932. - Munel/a fritschi (Schellwien) - Rakusz, p. 180, pl. IX, fig. 7. 

1935. - Spirifer fritschi Schellwien - Metz, p. 298. 

1936. - Spirifer (Munelln) fritsc/1i Schellwien - Metz, p. 173, pl. VI, figs 9, 
10. 

1937. - Spirifer fritschi Schellwien - Heritsch & Metz, p. 370. 

1965. - Choristites frilschi (Schellwien) - Gauri, p. 45, pl. 7, figs 1, 2; 
text-fig. 16. 

1968. - Chortstites fritschi (Schellwien) - Sarycheva, p. 182, pl. XXVIII, 
figs 1-5. 

Description. - A large species of Choristites with a subpentagonal 
outline, wider than long ; hinge equal to or a little narrower than the 
greatest width. Pedicle valve weakly convex with a shallow, but distinct, 
median sulcus which becomes broader and more indistinct towards 
the anterior margin ; umbo incurved, slightly turned over the hinge ; 
interarea broad and high, trapezoidal in shape ; delthyrium large, 
triangular ; costae broad and flat, bifurcating on the flanks ; growth 
lines distinct. Brachia! valve even less convex and with a shallow median 
fold. Dental plates of ventral interior long, thick, subparallel and remain
ing separate in the beak. 

Discussion. - The specimens described by Heritsch (1931) as young 
specimens of Spirifer fritschi do certainly not belong to that species and 
appear to be small chonetids. Delepine (1943, p. 65, pl. IV, figs. 11-13, 
text-fig. 14.3) described some Asturian specimens as Spirifer (Choris
tites) cf. fritschi Schellwien, but this comparison is rather doubtful. 
The Permian specimens, which have been referred to C. fritschi by 
various authors, belong to a different species. C. fritschi has sometimes 
been placed in the synonymy of C. supramosquensis (Stuckenberg), but 
is clearly distinguished from the latter by its wide hinge line. 

Stratigraphic distrJbution. - Choristites fritschi has been described 
from Upper Carboniferous (Upper Moscovian and Uralian) deposits in 
the Alps, Hungary, U.S.S.R. and China. It is here recorded from the 
Braiiosera Formation (loc. 97, RGM-St. 142893) of Kasimovian 
(Cantabrian) age. 
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Martinia karawanica Volgin 1959 
Pl. 37, figs. 7, 8. 

1892. - Martinia cf. g/abra Martin sp. - Schellwien, p. 41, pl. VI, figs 14, 
15. 

1931. - Martinia cf. g/abra Martin - Heritsch, p. 31, pl. II, figs 46-48, 
51-54. 

1960. - Martinia karawanica Volgin, p. 122, pl. IV, figs 8-10. 

1965. - Martinia karawanica Volgin - Gauri, p. 57, pl. 12, figs 10-13 ; 
text-figs 8-10. 

Description. - Medium to large species of Martinia with a suboval 
shape, wider than long. Pedicle valve with an indistinct median sulcus 
and a smooth surface ; interarea broadly triangular with broad delthy
rium ; dental plates reduced. 

Discussion. - Gauri (1965) described a weak costation at the anterior 
margin, which is not visible on the specimens in hand. This may be 
due to the corroded surface of the shells, however. The specimens 
figured by Schellwien (1892) also fail to show the anterior costation. 

Stratigraphic distribution. - Martinia karawanica occurs in Uralian 
deposits of the U.S.S.R. and the Alps. It has now been found also in 
the Brafiosera Formation (loc. 97, RGM-St. 142890, 891) of the 
Barruelo region, Spain. 

CONCLUSIONS 

Continental floras and brachiopod faunas obtained from different 
parts of a conformable sequence of some 2,600 metres of strata in the 
Barruelo Syncline and from the San Cristobal Hill, west of this area, 
have shown that the middle and upper Cantabrian together with the 
Stephanian A of western Europe are to be correlated with a large part 
of the Kasimovian in the U.S.S.R. A description of the identified bra
chiopod fauna (which is still incomplete) indicates close affinities with 
the late Carboniferous faunas of the Alps and the U.S.S.R. The land 
plants show assemblages which are mainly to be compared with those 
of the lower Stephanian in France. One assemblage, collected from a 
single bedding plane in a turbidite succession shows the intermingling 
of probable hill slope floral elements with ordinary Carboniferous swamp 
flora. This is the only floral assemblage that has been figured and de
scribed. A detailed description of the main floras collected is beyond 
the scope of this paper. 
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The sequence in the Barruelo Syncline is divided into the Braiiosera 
Formation below and the Barruelo Formation above (text-fig. 3). The 
latter has been subdivided into the Peiiacorba Coal Member, the Loma 
Marine Member, the Carboneros Coal Member, the Polvorin Marine 
Member and the Calero Coal Member. The limits between these mem
bers and their type localities have been specified and a discussion has 
been provided of lithostratigraphic usages in this part of the Carbon
iferous of northern Palencia, in order to clarify the position and status 
of the various lithostratigraphic units. 

The sedimentary sequence in the Barruelo Syncline (the relative posi
tion of which has been given in a general account of the stratigraphic 
history of Palaeozoic rocks in north-eastern Palencia) is found to 
commence with transgressive marine and continental deposits after a 
major break as the result of uplift during late Westphalian D times 
(Leonian Phase movements). A rapidly subsiding basin accumulated 
shallow marine deposits, followed by turbidites, further shallow marine 
strata and occasional coal-measures which often participated in regres
sive, rhythmic sequences. Coals are commonly overlain by fossiliferous 
marine strata, usually containing lamellibranch-gastropod assemblages 
but often with a more varied fauna, and these transgressive strata are 
regarded as the basal rock of a regressive rhythmic unit which shows 
a gradual increase in grain size with an advancing shoreline and, even
tually, the formation of seat-earth and coal. A sudden subsidence would 
account for the transgressive base of these rhythmic units which show 
a diastrophic control. 

Mapping and seam by seam correlation in the Barruelo coalfield 
(mainly in the Calero Coal Member) have indicated the presence of 
numerous small strike faults in the overturned north-eastern flank of 
the Barruelo Syncline, producing small scale laminations which dimin
ished the sequence in any one section by about 15 % . The Barruelo 
coalfield is also limited by a boundary fault zone, which originated 
from an overthrust (bringing the overturned flank of the isoclinal syn
cline on top of a badly shattered normal flank), and which is now 
mapped as a normal fault (or, rather, a number of parallel normal 
faults). The latter depressed the overturned flank and brought the 
shattered remains of the normal flank on the same level (text-fig. 2). 
Within this normal flank a complete mixture of strata has been mapped 
(text-fig. 1) ranging in age from Lower Devonian (Siegenian) to Upper 
Carboniferous (Moscovian and Westphalian D). Surface and subsurface 
(mining) information has further shown that the entire structure (includ
ing the boundary fault) has been affected by oblique faults with an 
important strike-slip component, before the Stephanian A rocks of the 
Calero Member were uplifted and eroded prior to the deposition of 
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completely unconformable Stephanian B strata. The latter (Peiia Cilda 
Formation) are probably of late Stephanian B age, and the important 
tectonic movements of the Asturian Phase are therefore dated here as 
early Stephanian B. 
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DISCUSSION 

P. Vetter (question) : y a-t-il un endroit OU la serie de 4.000 m de 
« Cantabrien » et « Stephanien A » se rencontre en coupe continue ? 

R.H. Wagner (reply) : D'une part nous avons propose un stratotype du 
Cantabrien inferieur qui donne une seule coupe de 1.000 m environ dans 
le flanc nord du synclinal de Tejerina (Wagner, Villegas & Fonolla dans 
le C.R. du 6e Congres Carbonifere, Sheffield, 1967), et qui laisse a trouver 
d'autres stratotypes pour le Cantabrien moyen et superieur dans des lieux 
differents de la meme region generale de la Cordillere Cantabrique. ll 
faudrait alors assembler un stratotype compose dans la region du nord-est 
de Leon et nord de Palencia. D'autre part, on connait une serie apparem
ment continue de tout le Cantabrien, en continuite avec un Stephanien A, 
dans le nord de Palencia. Cette serie affleure dans plusieurs endroits du 
flanc nord-est du synclinal de Barruelo/ Redondo, et dans le synclinal de 
Casavegas. Nous sommes en train de faire la correlation en detail de 
certaines coupes dans ces deux synclinaux, et nous esperons bien pouvoir 
presenter un jour la coupe complete de ces quelques 4.000 m. en continuite. 
Il faudra alors m.ettre en valeur cette coupe en comparaison avec les autres 
stratotypes possibles pour des subdivisions du Stephanien inferieur (au sens 
large) en Espagne. 

T. N. George (question) : If « Moscovian » is a regional chronostrati
graphic term can it be appropriately imported into a « Westphalian » 

succession as a lithostratigraphic facies term ? 

R.H. Wagner (reply) : Dating in terms of certain marine faunas can 
only be expressed in comparison with the Russian chronostratigraphic units. 
Northwest Spain is an area where correlation is possible with both the 
N.W. European and the Russian chronostratigraphic sequences, and where 
the chronostratigraphic units of both regions are imported on equal terms. 
It points to the eventual integration of the two schemes in a single sequence 
of European chronostratigraphic units. 

J. P. Laveine (question) : A-t-on pu comparer de fa<;:on precise les faunes 
du Cantabrien d'Espagne avec celles de l'Union Sovietique ? 

C. F. Winkler Prins (reply) : There is a good correlation with the U.S.S.R. 
As follows from the table showing faunal distribution, several species have 
been found which also occur in the upper Moscovian and lower Kasimovian 
deposits of the U.S.S.R. (Moscow basin and Kazakhstan). Only one species 
has been found which was recorded previously from the Lower Permian 
(Sakmarian) of the U.S.S.R. The comparison with the U.S.S.R. gives a 
Kasimovian age as the most probable. 

M. J.M. Bless (question) : Can you give me the list of flora recovered 
from the turbidite sequence below the Peiiacorba Member ? Are they, in 
your opinion, of middle or upper Cantabrian age ? 
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R.H. Wagner (reply) : The main elements of this flora are Neuropteris 
plaizchardi Zeiller, Linopteris neuropteroides (v. Gutbier), Reticulopteris 
germari (Giebel), Callipteridium sp., Pseudomariopteris ribeyroni (Zeiller), 
Dicksonites pluckeneti (v. Schlotheim) and Sphenophyllum cf. majus 
Bronn. This assemblage is a typical Stephanian one, and if its position 
below the Pefiacorba Member was not known, it could well have been 
assigned an age as late as Stephanian B-C. The presence of Neuropteris 
planchardi and Reticulopteris germari, in particular, is relevant in this 
respect. It should be noted, however, that the two species mentioned are 
most likely members of a flora of dry habitat (non-coal measure facies) 
which are seldom found and the full stratigraphic range of which may not 
be known exactly. 

M. J.M. Bless (question) : I fully agree with Dr. Wagner that there are 
a number of indications that something happened with regard to the flora 
in Northwestern Spain in Upper Carboniferous times. We see that a number 
of floral assemblages exist which are intermediate between those of the 
present stratotypes of Westphalian D and Stephanian A; thus suggesting 
a time gap between these two stratotypes. However, it appears premature 
to introduce at this moment a new chronostratigraphic unit, since we do 
not know in how far the floras in the various basins are facies controlled. 
I would prefer to see some additional stratigraphic control by means of 
further floral and fauna! groups before anything is decided with regard to 
the introduction of a new Cantabrian (sub-) stage. 

R.H. Wagner (reply) : If Dr. Bless is also convinced that there exists a 
time gap between the Westphalian D and the Stephanian A stratotypes, and 
that this gap is filled by a rock sequence developed in Northwest Spain, it 
is difficult to avoid the consequence of erecting a new intermediate 
chronostratigraphic unit. If, however, he doubts the presence of this time 
gap, and the possibility of filling this gap by the Spanish « Cantabrian » 

sequence (as the second part of his question suggests), then there is a need 
for explaining the significance of the fossil material used for correlation. 
This material is primarily macrofloral and the evidence for continuity in 
time between Westphalian D, Cantabrian and Stephanian A is based on 
evolutionary lineages in certain groups of plant fossils as well as on super
position and successive floral assemblages in rock sequences which have 
been studied in detail. Of course, there are environmentally controlled plant 
fossils (as there are also animal fossils) and this factor has been taken into 
consideration. With regard to the introduction of the Cantabrian Stage, 
reference should be made to the report presented by A. Bouroz, H. Gras 
& R.H. Wagner on correlations between French and Spanish lower 
Stephanian rock seqences. It should be noted that, whilst the report recog
nises the existence of intermediate « Cantabrian » rocks in Northwest 
Spain, it defers a decision on its boundaries with adjacent chronostrati
graphic units. 
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PLANCHES 1 - 38 



R.L. AUSTIN, R. CONIL & S. HUSRI. - Dinantian Rocks, Ireland. 

PLATE 1. - (all magnification X 30 except where stated). 

Fig. 1. - G11at/10d11s girtyi simplex Dunn, oral view. Waulsortian Reef, Li. 30. 

Fig. 2. - G11atl10d11s semiglaber Bischoff, oral view, Island Slump Group, Cl. 
12A. (x 25). 

Fig. 3. - Gnathodus girtyi so11iae Rhodes, Austin & Druce, oral view. Inch 
Bridge Limestone, Cl. 13. 

Fig. 4. - G11atl10d11s girtyi girtyi Hass, oral view. Waulsortian Reef. Li. 30. 

Fig. 5. - G11atl10d11s typicus Cooper, oral view. Waulsortian Reef. Li. 19. 

Fig. 6. - G11athod11s typicus Cooper, oral view. Waulsortian Reef. Li. 30. 

Fig. 7. - Gnathodus gir1yi girtyi Hass, oral view. Waulsortian Reef., Li 30. 

Fig. 8. ~ G11atl10d11s texanus Roundy, oral view, Waulsortian Reef., Li 30. 

Fig. 9. - G11athod11s girtyi simplex Dunn, oral view. Waulsortian Reef, Li 30. 

Fig. 10. - Pse11dopo/yg11ath11s /011gipostic11s Branson & Mehl, lateral view, 
Waulsortian Reef, Li . 19. (x 25). 

Fig. 11 a, b. - Pse11dopolyg11ath11s tria11g11/11s pi1111at11s Voges, l la, oral view, 
llb, aboral view. Waulsortian Reef, Li 19. (x 25). 

Fig. 12 a, b. - Polygnathus i11omat11s E.R. Branson, 12a. oral view. 12 b. 
aboral view. Ringmoylan Shales, Li 25. 





R.L. AUSTIN, R. CONIL & S. HUSRI. - Dinantian Rocks, Irelan. 

PLATE 2. - (all magnifications x 140). 

Figs. 1, 2. - Archaediscidae with sigmoidal convolutions and denticulations. 
Inch Bridge Limestone, Ci 13. 

Fig. 3. - Arclzaediscus clarus Conil & Lys var. /a/us, Inch Bridge Limestone 
Cl 13. 

Fig. 4. - Archaediscus 11101/eri Rauser-Tchernoussova subsp. grandis Conil & 
Lys, Inch Bridge Limestone, Cl. 13. 

Fig. 5. - Howclzinia bradyana (Howchin) emend. Davis, Inch Bridge Limestone, 
Cl. 13. 

Fig. 6. A rchaediscus stillus Grozdilova & Lebedeva, Durnish Limestone, Li 3. 

Fig. 7. - Paraarchaediscus mi/oni (Pelhate), Canon Island Limestone, Cl. 6. 
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A. COMBAZ & M. STREEL. - Tournaisien de Brevillers, France. 

PLANCHE 3. - Les photographies sont agrandies X 500 a partir de cliches 
non retouches. Les lames sont conservees dans Jes collections de la Compagnie 

Fran<;:aise des Petroles, a Bordeaux. 

Fig. I. Lophozo11otriletes /ebedia11e11sis Naumova 1953. 

Fig. 2. Pustulatisporites cf. gibberosus (Hacquebard) Playford 1964. 

Fig. 3. - ? Schopfites sp. 

Fig. 4. - A ca11thotri/e /es fame11e11sis Naumova 1953. 

Figs 5-6. - Hyme11ozo11otriletes /11teo/11s (Naumova) Kedo 1957. 

5 : focalisation proximale ; 6 : focalisation distale. 

Fig. 7. - Hyme11ozo11otriletes fame11e11sis Kedo 1963. 

Figs 8-9. - Spi11ozo11otriletes cf. co11spic1111s Playford 1964. 

8 : specimen avec appendices erodes ; 9 : tetrade. 

Fig. 10. Reticulatisporites ? fimbriatus Winslow 1962. 

Fig. 11. - Corbu/ispora cf. subalveo/aris (Luber) Sullivan 1964. 

Fig. 12. Knoxisporites cf. /iteratus (Waltz) Playford 1963 ( X 400). 

Fig. 13. - Dictyotri/etes trivia/is (Naumova i11 lilt.) Kedo 1963 . 
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A. COMBAZ & M. STREEL. - Tournaisien de Brevillers, France. 

PLANCHE 4. - Sauf indication contraire (o= X 1000), Jes photographies sont 
agrandies X 500 a partir de cliches non retouches. Les lames sont conservees 

dans Jes collections de la Compagnie Fram;aise des Petroles, a Bordeaux. 

Figs 1, 2. - Raistrickia ponderosa Playford 1964. 

Figs 3 et 5 a 9. - Raistrickia variabilis Dolby & Neves 1970. 

Fig. 4. - Raistrickia sp. 

Figs 10, 11. - Raistrickia macrurus (Luber) Dolby & Neves 1970. 

Figs 12, 13 . - Raistrickia cory11oges Sullivan 1968. 
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A. COMBAZ & M. STREEL. - Tournaisien de Brevillers, France. 

PLANCHE 5. - Sauf indication contraire (**= X250 ; o = X 1000) Jes photo
graphies sont agrandies X 500 a partir de cliches non retouches. Les lames sont 

conservees dans Jes collections de la Compagnie Frarn;:aise des Petroles, 
a Bordeaux. 

Figs 1, 2. Hystricosporites cf. obscums Mortimer & Chaloner 1967. 

Figs 3, 4. - Hystricosporites 11111/tifurcatus (Winslow) Mortimer & Chaloner 
1967. 

Figs 5, 6. - Hystricosporites sp. aff. H. 11111/tifurcatus (Winslow) Mortimer & 

Chaloner 1967. 

Figs 7, 8. - A ncyrospora ? capi/lata Dolby & Neves 1970. 

Figs 9, 10. -- Endosporites gr. 111i1111/11s Hoff., St. & Mall. 1955. 

Fig. 11. Cristatisporites echinatus Playford 1963. 

Fig. 12. Vallatisporites pusillites (Kedo) Dolby & Neves 1970. 

Figs 13, 14. - Hy111 e11ozo11otriletes /epidophytus Kedo 1957. 



PL.5 

' , 

50 



A. COMBAZ & M. STREEL. - Tournaisien de Brevillers, France. 

PLANCHE 6. - Sauf indication contraire (o= X 1000 ; *= X2000), !es 
photographies sont agrandies X 500 a partir de cliches non retouches. Les 

lames sont conservees dans Jes collections de la Compagnie Frarn;aise 
des Petroles, a Bordeaux. 

Figs l , 2. - Vallatisporites vallatus Hacquebard 1957 . 

Fig. 3. E11dosporites ? sp. in Balme & Hassell 1962 . 

Fig. 4. - Veryhachium dow11iei Stockmans & Williere 1962. 

Fig. 5. - Veryhachium trispinosum (Eis.) Deunff 1954. 

Fig. 6. Micrhystridium pascheri Stockmans & Williere 1962. 

Fig. 7. - Cymatiosphaera cf. wen/ockia Downie 1959. 

Figs 8, 9. - Veryhachium octoaster Staplin 1961. 

Figs 10, 11. - Gorgonisphaeridium wins/owii Stap. , Jans. & Poe. 1965. 

Fig. 12. - Maranhites sp. 

Fig. 13. - Cymatiosphaera cf. devonica Deunff 1966. 

Figs 14, 15. - Baltisphaeridium flandrium Stockmans & Williere 1962. 
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R. CONIL & M. L YS. - Famennien et Tournaisien de l'Avesnois, France. 

PLANCHE 7. - Grossissement : X 75 . 

Tranchee d' A vesnelles, terme G. 

Septabrunsiina (R ectoseptabrunsiina) postchusoi·ensis Lipina. 

Fig. I. - Av. 3/ g, RC 6314. (6934). 

A vesne lla aff . 1110 11rloni Conil & Lys ? (p . 257) 

Fig. 2. - Av. 3/ g, RC 6314. (6896). 

Tranchee d'Avesnelles et halte de St-Hilaire, terme I. 

Endothy ra parakosvensis Lip. var. nigra. 

Figs 3-4. - Av. 2/12d, RC 6167. (6655 , 6656). 

Quasiendothyra (Eoquasiendothyra) ex gr. be/la Tchern . 

Fig. 5. - Av. 3/ 88d, RC 6313. (6902) . 

Chemyshine l/a sp. 

Fig. 6. - Av. 3/ 88d , RC 6313. (6903). 

Tranchee d' Avesnelles, terme J. 

Quasiendothyra co 1111111111is subsp. com1111111is (Rauser-Tchern.). 

Fig. 7. - Av. 3/ 91, RC 6145. (6425). 

Fig. 8. - Av . 3/ 91, RC 6144. (6417). 

Fig. 9. - Av. 3/ 91, RC 6315. (6899). 

Fig. 10. - Av. 3/ 91 , RC 6147. (6449) . 

Fig. 12. - Av. 3/ 89, RC 6148. (6454). 

Fig. 13. - Av. 3/ 91 , RC 6147. (6443). 

Fig. 17. - Av. 3/ 91, RC 553. (6852). 

Fig. 18. - Av. 3/ 91, RC 6147. (6450). 

Fig. 19. - Av. 3/ 91, RC 6144, (6463). 

Fig. 20. - Av. 3/ 91, RC 6143. (6422). 

Fig. 21. - Av. 3/ 91 , RC 6145. (6426). 

Quasiendothyra communis (Rauser-Tchern.) var. turbida ? 

Fig. 14. - Av. 3/ 91, RC 6145. (6428). 

Quasiendothyra communis (Rauser-Tchern.) subsp. regularis Lipina. 

Fig. 11. - Av. 3/ 89. RC 6150. (6454). 

Quasiendothyra communis subsp. co1111111111is (Rauser-Tchern.) form a simplex. 

Figs 15, 16. - Av. 3/ 91, RC 6144. (6469, 6416). 
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R. CONIL & M. L YS. - Famennien et Tournaisien de l'Avesnois, France. 

PLANCHE 8. - Grossissement : Figs. 22-37 : X 75. Fig. 38 : X 50 

Tranchee d'Avesnelles, tenne J. 

A vesnel/a pusil/a nov. sp. (p. 255) . 

Fig. 22. - HOLOTYPE, Av. 3/ 91 , RC 6515. (7061). 

Fig. 23 . - Av. 3/ 91 , RC 5438. (6622). 

M stinia (?) i11 co11dita nov. sp. (p. 248). 

Fig. 24. - HOLOTYPE, Av. 3/ 91, RC 6144. (6414). 

Fig. 25. - Av. 3/ 91 , RC 5438. (6617) . 

cf. A l'esnel/a (p. 254). 

Fig. 26. - Av. 3/ 91 , RC 6146. (6992) . 

Fi g. 27. - Av. 3/ 91 , RC 6511. (7077). 

A l'esnella sp. (p. 254). 

Fig. 28. - Av. 3/ 91, RC 6147. (6446). 

A l'esnel/a 111011r/011i nov. sp. (p. 256). 

Fig. 29 . - HOLOTYPE, Av. 3/ 91, RC 6315. (6891). 

Fig. 30. - Av. 3/ 91, RC 5414. (7062). 

Fi g. 31. - Av. 3/ 91 , RC 5438. (6621). 

A vesnella streeli nov. sp. (p . 254). 

Fig. 32. - HOLOTYPE, Av. 3/ 91, RC 6512. (7073). 

Fig. 33. - Av. 3/ 91 , RC 6143. (6421). 

Fig. 34. - Av. 3/ 91 , RC 6211. (6756). 

Fi g. 35. - Av. 3/ 91, RC 6145. (6487). 

G/0111ospira11ella nov. sp. ? 

Fig. 36. - Av. 3/ 91 , RC 6512. (7072). 

A vesnella aff. 111011r/011i ? (p. 257) . 

Fig. 37 . - Av. 3/ 91 , RC 6558. (7110). 

A vesnella ? (p. 258). 

Fig. 38. - Av. 3/ 91, RC 6510. (7078). X 50, 
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R. CONIL & M. L YS. - Famennien et Tournaisien de l'Avesnois, France. 

PLANCHE 9. - Grossissement: X 75. 

Tranchee d'Avesnelles, terme J. 
« Schistes de l'Epinette ». 

Tournayellidae ? 
Fig. 39. - Av. 3/92d, RC 6197 . (6745). 

Quasiendotlzyra (Eoq11asie11dotlzyra) baidjansaica (Bog. & Juf.). 
Fig. 40. - Av. 3/ 106, RC 6310. (6879). 

Septag/0111ospira11el/a bouckaerti nov. sp. (p. 249). 
Fig. 41. - Av. 3/89, RC 6149. (6473). 

Tranchee d' A vesnelles, terme K. 
« Schistes de l'Epinette ». 

G/0111ospira11ella sp. 
Fig. 42. - Av. 3/111, RC 6319. (6954). 

Septabrunsiina k ingirica (Reitlinger) (forme jeune). 
Fig. 43. - Av. 3/ 111, RC 6322. (6958). 

Septag/0111ospira11el/a bouckaerti nov. sp. (p. 249). 
Fig. 44. - Av . 3/106, RC 631 l, (6880). 
Fig. 45 . - Av. 3/106, RC 6216 . (6764). 

Septag/0111ospira11ella sp. 
Fig. 46. - Av. 3/ 111, RC 6322. (6959). 

G/0111ospira11ella transversa nov. sp. (p. 247). 
Fig. 47. - HOLOTYPE Av. 3/106, RC 6310. (6878). 

Quasiendothyra co1111111111is subsp. com1111111is (Rauser-Tchern) (p. 258). 
Fig. 48 . - Av. 3/115, RC 5451. (6781) . 
Fig. 49. - Av. 3/125, RC 6291. (6870) . 
Fig. 50. - Av. 3/125, RC 5455. (6766). 
Fig. 51. - Av. 3/109, RC 6154. (6436). 

Q11asie11dothyra (K/11bo1,ella) sp. 
Fig. 52. - Av. 3/125, RC 6217. (6697). 

Quasiendothyra comm1111is (Rauser-Tchern.) var. turbida Durkina 
Fig. 53. - Av. 3/125, RC 524. (6179). 

Quasiendotlzyra co1111111111is (Rauser-Tchern.) subsp. regu/aris Lipina. 
Fig. 54. - Av. 3/125, RC 6217. (6695). 
Fig. 55. - Av. 3/111, RC 5450. (6749). 
Fig. 56. - Av. 3/127, RC 559. (6853). 
Fig. 57. - Av. 3/121, RC 5454. (6771). 
Fig. 58. - Av. 3/125, RC 6217. (6696) . 
Fig. 59 . - Av. 3/111, RC 5450. (6750). 
Fig. 60. - Av. 3/111, RC 5350. (6751). 
Fig. 61. - Av. 3/ 111, RC 6320. (6961) (traces de couche radiee 

interne). 

Quasiendothyra co1111111111is (Rauser-Tchern.) var. kamekaensis Durkina. 
Fig. 62. - Av. 3/121, RC 5454. (6772) . 
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R. CONIL & M. L YS. - Famennien et Tournaisien de l'Avesnois, France. 

PLANCHE 10. - Grossissement: X 75 . 

« Schistes de l'Epinette ». 

Endothyra parakosvensis Lipina var. imminuta (p. 258). 

Fig. 63. - Av. 3/ 106, RC 6216. (6765). 
Fig. 64. - Av. 3/101, RC 6318 . (6979). 
Fig. 65 . - Av. 3/ 119, RC 5453. (6774). 

? Septag/omospiranel/a bouckaerti new. sp. 

Fig. 66. - Av. 3/ 106, RC 6311. (6881). 

Endothyra concavacamerata (Lipina) subsp. globosa Conil & Lys. 

Fig. 67 . - Av. 3/101, RC 6316. (6982). 
Fig. 68. - Av. 3/ 101, RC 6169. (6662). 
Fig. 69. - Av. 3/ 104, RC 5448. (6782). 

Septaglomospiranella sp. 

Fig. 70 . - Av. 3/ 106, RC 6216. (6763). 
Fig. 71. - Av. 3/ 125, RC 3404. (4729). 

Endothyra concavacamerata Lipina var. 

Fig. 72. - Av. 3/ 101, RC 6316. (6981). 
Fig. 73. - Av. 3/ 109, RC 6155 . (6437). 

Endothyra parakosvensis Lipina var. nigra. 

Fig. 74. - Av. 3/111, RC 6320 . (6962). 
Fig. 75. - Av. 3/ 99, RC 5446. (6785). 
Fig. 76. - Av. 3/106, RC 6216. (6761). 
Fig. 77. - Av. 3/ 111, RC 6322. (6957). 

Tranchee d' A vesnelles, terme L. 
« Schistes de l'Epinette ». 

Toumayellina (Tournayellina) vulgaris Lipina. 

Fig. 78. - Av. 3/132, RC 6219 . (6693). 

Endothyra concavacamerata (Lipina) var. 

Fig. 79 . - Av. 3/132, RC 6219. (6694). 

Tranchee d'Avesnelles, terme N. 
« Schistes de l'Epinette ». 

Quasiendothyra com1111111is (Rauser-Tchern .) var. radiata (p. 259). 

Fig. 80. - Av. 3/135, RC 6324. (6953). 
Fig. 81. - Av. 3/135, RC 6222. (6689). 
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R. CONIL & M. L YS. - Famennien et Tournaisien de l'Avesnois, France. 

PLANCHE 11. - Grossissement: X 75. 

Tranchee d'Avesnelles, terme N. 
« Schistes de l'Epinette ». 

Quasiendothyra co1111111111is (Rauser-Tchern). 

Fig. 82. - Av. 3/ 135, RC 6222. (6690). 

Septag/0111ospira11el/a bouckaerti nov. sp. (p. 249). 

Fig. 83, 84. - Av. 3/135, RC 6324. (6951, 6952) . 

Septabmnsiina kingirica (Reitlinger) (p. 248) . 

Fig. 85, 86. - Av. 3/135, RC 6325. (6948, 7020). 

Tranchee d' A vesnelles, terme 0. 
« Schistes de I'Epinette ». 

Quasiendothyra co1111111111is subsp. co1111111111is (Raus-Tchern.) (p. 258). 

Fig. 87 , 88 . - Av. 3/136, RC 6328. (6932, 6893). 

Quasiendothyra co1111111111is subsp. communis (Rauser-Tchern.) var. radiata. 

Fig. 89. - Av. 3/136, RC 6502. (7008). 
Fig. 90. - Av. 3/ 136, RC 6329. (6927). 
Fig. 91. - Av. 3/ 136, RC 6327 . (6889). 
Fig. 92. - Av. 3/ 136, RC 6328. (6895). 

Quasiendothyra co1111111111is (Rauser-Tchern.) subsp. regu/aris Lipina. 

Fig. 93. - Av. 3/ 136, RC 6504. (7013). 
Fig. 94. - Av. 3/136, RC 6329. (6884). 
Fig. 95. - Av. 3/ 136, RC 6329. (6883). 

,, :> Fig. 96 . - Av. 3/136, RC 6501. (7005). 
Fig. ' 97. - Av. 3/ 136, RC 6504. (7015). 
Fig. 98. - Av. 3/ 136, RC 6328. (6894). 

Quasiendothyra kobeitusana subsp. kobeitusana (Rauser-Tchern.). 

Fig. 99. - Av. 3/ 136, RC 6503. (7003). 
Fig. 100. - Av. 3/ 136, RC 6501. (7006). 
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R. CONIL & M. L YS. - Famennien et Tournaisien de l'Avesnois, France. 

PLANCHE 12. - Grossissement: X 75. 

Tranchee d' A vesnelles, terme 0 . 
« Schistes de l'Epinette ». 

Endothyra parakosvensis Lipina var. i111mi1111ta . 

Figs. 101-103 - Av. 3/ 136, RC 6328 (689 1, 6892, 6930). 

Quasiendothyra communis subsp. co1111111111is (Rauser-Tchern.). 
Fig. 104. - Av. 3/136, RC 6329. (6928). 

Endothyra concavacamerata (Lipina) var. alta (p. 258). 
Fig. 105. - Av. 3/ 136, RC 6223. (6687). 
Fig. 106. - Av. 3/ 136, RC 6504. (7014). 

Tranchee d'Avesnelles, tenne P. 

« Schistes de l'Epinette ». 

Quasiendothyra communis subsp. comm1111is (Rauser-Tchern.). 
Fig. 107, 108. - Av. 3/139, RC 6263 . (6856, 6855). 

To11mayelli11a sp. 
Fig. 109. - Av. 3/ 139, RC 2783. (7026). 

Quasiendothyra communis (Rauser-Tchern.) subsp. regufaris Lipina. 
Fig.110. - Av. 3/ 139, RC 2783 . (7028). 

Endothyra parakosvensis (Lipina) var. niRra (p. 258) . 
Fig. 111, 112. - Av. 3/139, RC 6263. (6857, 6854). 

Niveaux divers. 

Glomospiranella transversa nov. sp. (p. 247) . 
Fig. 113 . Av. 3/ 167, Calcaire d 'Etroeungt a Avesnelles, RC 6339, (6888). 

Quasiendothyra com11w11is (Rauser-Tchern .). 
Fig. 114. - Esneux 11 / 37 , Martinrive, 1 e , biostrome, Fa2d, RC 6487 . (6998). 

Quasie11dothyra kobeit11sa11a subsp. kobeitusana (Rauser-Tchern ). 
Fig. 115 . - Esneux 11/44, Martinrive, 2e biostrome, Tnla, RC 3604. (6873). 

Septaglo111ospira11ella compressa Lipina. 
Fig. 116. - Esneux 3/ 140, Chanxhe, entre le 3° et le 4" biostrome, Tn la, RC 

2702. (4144). 

Septatoumayella rauserae Lipina subsp. pote11sa Durkina. 
Fig. 117. - Av. 4147 , Calcaire d'Etroeungt, stratotype, RC 6509 . (6882). 

Septag fo111ospira11ella bouckaerti nov . sp. (p. 249) . 
Fig. 118. - Av. 3/186, Calcaire d 'Etroeungt (haut) a Avesnelles, RC 6342. 

(6977). 
Fig. 119. - Av. 4/ 47, Calcaire d'Etroeungt, stratotype, RC 6523 . (7098). 

To11mayelli11a (Toumayel/ina) beata (Malakhova) (p. 252). 
Fig. 120. - Av. 3/149, Calcaire d'Etroeungt (bas) a Avesnelles, RC 6332. 

(6908). 





R. CONIL & M. L YS. - Famennien et Tournaisien de l'Avesnois, France. 

PLANCHE 13. - Grossissement: X 75. 

Trauchee de St-Hilaire. 
« Calcaire noir d' A vesnelles » 

Septag/0111ospira11el/a perfecta nov. sp. (p. 251). 

Fig. 121. - HOLOTYPE, Av. 1/19, RC 6166. (6963). 
Fig. 122. - Av. 1129, RC 5632. (6563). 

Chernyshi11e/la g/omiformis (Lipiua). 

Fig. 123. - Av. 1119, RC 6362. (6913). 

Chernyshi11ella (?) gwta nov. sp. (p. 246) . 

Fig. 124. - HOLOTYPE, Av. 1119, RC 6364. (6910). 
Fig. 125. - Av. 1124, RC 5621. (6517). 
Fig. 126. - Av. 1119, RC 6358. (6918). 
Fig. 127. - Av. 1119, RC 6360. (6938). 

Chernyshi11ella glebovskayae (Dain) (p. 245). 

Fig. 128. - Av. 1119, RC 6363. (6911). 

Septabn111sii11a ki11girica (Reitlinger) (p. 248). 

Fig. 129. - Av . 1119, RC 6358. (6920) . 
Fig. 130. - Av. 1119, RC 6361. (6918). 

Endothyra parakosve11sis Lipina var 11igra (p. 258). 

Fig. 131. - Av. 1130, RC 5637. (6574) . 

To11rnayel/i11a (To11rnayelli11a) beata Malakhova (p . 252) . 

Fig. 132. - Av. 1121, RC 5609. (6542). 
Fig. 133. - Av. 1/19, RC 6374. (6922). 
Fig. 134. - Av. 1119, RC 6166 . (6644). 
Fig. 135. - Av. 1/19, RC 6362. (6915). 
Fig. 136. - Av. 1118, RC 5602. (6538). 
Fig. 137. - Av. 1119, RC 6166. (6650). 
Fig. 138. - Av. 1119, RC 6166. (6646). 

G/0111ospira11ella sp. 

Fig. 139. - Av. 1/18, RC 5602. (6539). 





G . DOLBY. - Devonian-Carboniferous transition Measures, S-W Britain & Eire. 

PLATE 14. - All figures X500. Vickers M15b Microscope No. 157178. 
(The slides are preserved in the type collections in the Micropalaeontological 

Laboratory of the Geology Department, University of Sheffield). 

Fig. 1. - Vermcosisporites nitidus (Naumova) Playford . 
Slide H26Cl Ref. 2631201. 

Fig. 2. - Dictyotriletes subalveolaris (Luber) Potonie & Kremp. 
Slide Hl6B2 Ref. 4501199. 

Fig. 3. - Dictryotri/etes trivia/is Naumova in Kedo 1963. 
Slide H31B2 Ref. 3991356. 

Fig. 4. - Corbu/ispora cance/lata (Waltz) Bharadwaj & Venkatachala . 
Slide Hl6Bl Ref. 5031384. 

Fig. 5. - Knox isporites literatus (Waltz) Playford. 
Slide H23Cl Ref. 2491236. 

Fig. 6. - Hymenozonotriletes /epidoph ytus Kedo. 
Slide BCIDl Ref. 4721346. 

Fig. 7. - Grandispora echinata Hacquebard. 
Slide H23Cl Ref. 4101231. 

Fig. 8. - Hym enozonotriletes famenensis Kedo. 
Slide W A3 l Ref. 1961292. 

Fig. 9. - Vallatisporites pusillites (Kedo) Dolby & Neves. 
Slide BClDl Ref. 3391348. 

Fig. 10. - Vallatisporites vermcosus Hacquebard. 
Slide H14Bl Ref. 248126. 

Fig. 11. - Vallatisporites val/atus Hacquebard. 
Slide Hl2Bl Ref. 4021251. 
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J. DOUBlNGER. - Flore du Mont-Pele (Bassin d'Autun) , France. 

PLANCHE 15. 

Fig. 1. Callipteridium pseudogigas Wagner grandeur naturelle. 

Fig. 2. Odontopteris 111i11or-zeilleri Potonie - grandeur naturelle. 

Fig. 3. - · Neuropteris cordata Brongniart : pinnules rachidiennes - grandeur 
naturelle. 

Fig. 4. - Neuropteris raymondi Zeiller: fragment de l'holotype - X 2. 

Figs I a 3. - Collection du Musee de la Societe d'Histoire Naturelle d'Autun. 

Fig. 4. - Collection de !'Ecole des Mines de Paris. 





J. DOUBINGER. - Flore du Mont-Pele (Bassin d'Autun), France. 

PLANCHE 16. 

Fig. J. Alethopleris bohemica Franke - grandeur naturelle. 

Fig. 2. Sphenopteris biturica Zeiller - grandeur naturelle. 

Fig. 3. - A letlwpteris /eo11e11sis Wagner - grandeur naturelle. 

Fig. 4. - Dicra11ophyl/u111 gal/icum Grand'Eury : extremite d'un rameau -
grandeur naturelle. 

Fig. 5. - Cuticule prelevee sur une feuille de Dicranophy//11111 de l'echantillon 
de la figure 4 - X 300. 

Figs l a 5. - Collection du Musee de la Societe d'Histoire Naturelle d'Autun . 





J. DOUBINGER. - Flore du Mont-Pele (Bassin d'Autun), France. 

PLANCHE 17. - Grossissement: X 1000; sauf * · X 500; * * . X JOO. 

Fig. I. - Latipulvinites kosankei Peppers. 

Fig. 2*. Leiotriletes convexus Kosanke. 

Fig. 3 *. - Savitrisporites camptotus Alpern. 

Fig. 4*. - Calamospora breviradiata Kosanke. 

Fig. 5*. - Calamospora diversiformis Balme & Hennelly. 

Fig. 6. - Acanthotriletes cf. incinatus Balme & Hennelly. 

Fig. 7. - Lophotriletes mosaicus Potonie & Kremp. 

Fig. 8* et 9*. - Cyclogranisporites aureus Loose. 

Fig. 10. - Speciososporites minor Alpern. 

Fig. 11 *. - Laevigatosporites medius Kosanke. 

Fig. 12. - Thymospora thiesseni (Kosanke) Wilson & Venkatachala. 

Fig. 13. - Spinosporites spinosus Alpern. 

Fig. 14*. - Late11Si11a subrotata Luber. 

Fig. 15*. - Fiorini/es ova/is Bhardwaj. 

Fig. 16*. V esicaspora sp. 

Fig. 17*. - Potonieisporites sp. 

Fig. 18**. - Schopfipo/lenites sp. 
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M. KALIBOV A. - Megaspores of the Plzen Basin. 

PLATE 18. 

Magnification X 50. 

Fig. 1. - Tuberrnlatisporites mamillarius (Bartl.) Pot. & Kremp ; borehole 
Chotikov CO 24. 

Fig. 2. - Triletisporites tuberculatus (Zerndt) Pot. & Kremp; borehole Vochov 
Vo 3. 

Fig. 3. - Triletisporites tuberculatus (Zerndt) Pot. & Kremp ; borehole Vochov 
Vo 3. 

Fig. 4. - Triletisporites bohemicus Kai. ; mine Karel. 

Fig. 5. - Triletisporites bohemicus Kai. ; mine Karel. 

Fig. 6. Triletisporites bohemicus Kai. ; mine Krimich n. 

Fig. 7. Setosisporites hirsutus (Loose) lbr. ; borehole Bdeneves Bs II. 

Fig. 8. Setosisporites hirsutus (Loose) Ibr.; borehole Bdeneves Bs II. 

Fig. 9. - Setosisporites praetextus (Zerndt) Pot. & Kremp ; tip Bdeneves Bs. 

Fig. 10. - Setosisporites praetextus (Zerndt) Pot. & Kremp ; tip Bdeneves Bs. 

Fig. 11. Superbisporites superbus (Bartl.) Pot. & Kremp ; tip Tfemo5na. 

Fig. 12. Valvisisporites augustae (Loose) Pot. & Kremp; mine Krimich II. 

Fig. 13. Valvisisporites 11ite11s Kai. ; borehole Vejprnice Vj 6. 

Fig. 14. - Cystosporites verrucosus Dijkstra ; mine Karel. 

Fig. 15. - Tria11g11/atisporites tria11g11/at11s (Zerndt) Pot. & Kremp; borehole 
Nevren Nr 8. 

Fig. 16. - Tria11g11/atisporites tria11gulat11s (Zerndt) Pot. & Kremp ; borehole 
Nevren Nr 8. 

Fig. 17. - Tria11gu/atisporites tria11gulatus (Zerndt) Pot. & Kremp; mine 
Krimich II. 

Fig. 18. Cystosporites varius (Wich.) Dijkstra; borehole Vejprnice Vj 5. 

Fig. 19. Cystosporites varius (Wich.) Dijkstra ; borehole Vejprnice Vj 5. 
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P.O. LLEWELLYN, LR. HOSKIN & J. BACKHOUSE. -
Tournaisian from Hathern Borehole, Leicestershire, England. 

PLATE 19. - All figures X 500 magnification . 

Fig. l . - Punctatisporites solidus, Hacquebard 1957. 

Fig. 2. - Punctatisporites glaber, (Naumova) Playford 1962. 

Fig. 3. Punctatisporites irrasus, H acquebard 1957. 

Fig. 4. Retusotriletes incohatus, Sullivan 1964. 

Fig. 5. Acanthotriletes mirus, Ishchenko 1956. 

Fig. 6. - Baculatisporites fusticu/us, Sullivan 1968. 

Figs 7 & 8. - Schopfites c/aviger, Sullivan 1968. 

Fig. 9. - Converrucosisporites parvinodosus, Playford 1964. 

Fig. 10. - Verrucosisporites scoticus, Sullivan 1968. 

Fig. 11. - R eticulatisporites p/anus, Hughes & Playford 1961. 

Fig. 12. - Convolutispora mellita, Hoffmeister, Staplin & Malloy 1955 . 

Fig. 13. - Coi1vo/11tispora vermiformis, Hughes & Playford 1961. 





P.G. LLEWELLYN, l.R. HOSKIN & J. BACKHOUSE. -
Tournaisian from Hathern Borehole, Leicestershire, England. 

PLATE 20. - AH figures X 500 magnification . 

Figs 1 & 2. - Foveospo rites i11sc11/pt11s, Playford 1962. 

Fig. 3. - Kn oxisporites cf. literatus, (Waltz) Playford 1963 . 

Figs 4 & 5. - Knoxisporites rota/us, Hoffmeister, Staplin & Malloy 1955 
(proximal and distal surfaces respectively) . 

Fig. 6. - Grandispora echinata, Hacquebard 1957 . 

Figs 7 & 9. - A uroraspora macra, Sullivan 1968 . 

Fig. 8. - Ferotrilites perinatus, Hughes & Playford 1961. 

Fig. 10. - Knoxisporites pristi1111s, Sullivan 1968. 

Fi g. 11. - Endosporites 111acro111a11ifest11s, Hacquebard 1957. 
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D . C. McGREGOR. - H . /epidophy//ls from the Devonian of Canada . 

PLATE 21. - Magnification X 500. 

Figs 1-13 . -- Bedford Formation, GSC Loe. 7059. 

Figs 1, 2. - Hym enozonotriletes /epidophy tus Kedo, GSC No. 25438, 25439. 

Fig. 3. - Hym enozonotriletes pusi/lites Kedo, GSC No. 25440. 

F ig. 4. - H. pusillites Kedo (? Va/latisporites sp/endens Staplin & Jansonius), 
GSC No. 25441 . 

Fig. 5. - cf.Acanthotriletes rarisetosus Kedo, GSC No . 25442. 

Fig. 6. - Hym enozonotriletes fam enensis Kedo in Neves & Dolby, GSC, 
No. 25443 . 

Fig. 7. - Laevigatosporites sp., GSC No. 25444. 

Fig. 8. - R etusotri/etes sp., GSC, No. 25445. 

Fig. 9. - Reticu/atisporites? fimbriatus Winslow, GSC No. 25446. 

Figs 10-12. - unidentified , GSC No. 25447-25449. 

Fig. 13 . - Archaeozonotriletes /iteratus (Waltz) Naumova, GSC No. 25450. 

Figs 14-21. - Bedtord Formation, GSC Loe. 7058. 

Figs 14, 17. - Hym enozonotri/etes lepidophy tus Kedo, GSC No. 25451, 25452. 

Fig. 15. - Archaeozonotriletes amp/ectus (Naumova) Kedo, GSC No. 25453. 

Fig. 16. - Hym enozono triletes famen ensis Kedo in Neves & Dolby, GSC 
No. 25454. 

Fig. 18. - unidentified, GSC No. 25455. 

Fig. 19. - Hym e11ozo11otri/etes pusillites Kedo, GSC No. 25456. 

Figs 20, 21. - ?Dicrospora 11111/tifurcata Winslow, GSC No. 25457. 
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D. C. McGREGOR. - H. /epidophytus from the Devonian of Canada. 

PLATE 22. - Magnification x 500. 

Figs 1-10. - Bedford Formation, GSC Loe. 7057. 

Figs 1, 2, 4, 8. - Hy111e11ozo11otri/etes /epidophytus Kedo, GSC No. 25458-
25461. 

Fig. 3. - Spi11ozo11otriletes uncatus Hacquebard, GSC No. 25462. 

Fig. 5. 

Fig. 6. 

?Hymenozonotriletes famenensis Kedo in Neves & Dolby, GSC 
No. 25463. 

Retusotriletes incohatus Sullivan, GSC No. 25464 . 

Fig. 7. - Hy111e11ozo11otriletes pusillites Kedo, GSC No. 25465. 

Fig. 9. - ?Retusotriletes p1111ctat11s Chibrikova, GSC No. 25466. 

Fig. 10. - R . sp., GSC No. 25467 . 

Figs 11-19. - Sunbury Formation, GSC Loe. 7825. 

Figs 11-13.- Hymenozonotriletes /epidophytus Kedo, GSC No. 25468-25470. 

Fig. 14. - H. pusillites Kedo, GSC No. 25471. 

Fig. 15. - unidentified, GSC No. 25472. 

Fig. 16. - Reticulatisporites? fimbriatus var. spatlwlatus Winslow, (GSC No. 
25473. 

Fig. 17. ?Corb11/ispora subalveolaris (Luber) Sullivan, GSC No. 25474. 

Fig. 18. Laevigatosporites sp., GSC No. 25475 . 

Fig. 19. large bifurcate spine, GSC No. 25476. 
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D . C. McGREGOR. - H . /epidophytus from the Devonian of Canada. 

PLATE 23 . - Magnification X 500. 

Figs 1-9. - Horton Group, GSC Loe. 7707 . 

Fig. I. - Hy111e11ozo11otriletes /epidophytus Kedo, GSC No. 25477. 

Figs 2, 3. - Hy111e11ozo11otriletes pusil/ites Kedo, GSC No. 25478, 25479. 

Fig. 4. - ?Hy111e11ozo11otriletes fa111e11e11sis Kedo in Neves & Dolby, GSC 
No. 25480. 

Fi g. 5. ? Hy111e11ozo11otri/etes mgosi11scu/11s Jushko, GSC No. 25481. 

Fig. 6. - spine of Hystricosporites sp., GSC No. 25482. 

Fig. 7. - spine of ?Dicrospora 11111/tifurcata Winslow, GSC No. 25483 . 

Fig. 8. - Retusotriletes incohatus Sullivan, GSC No. 25484. 

Fig. 9. - unidentified, GSC No. 25485. 

Figs 10-16. - Imperial Formation, GSC Loe. 54367 . 

Figs JO, 11. - Hy111e11ozo11otriletes lepidophytus Kedo, GSC No . 25486, 25487. 

Fig. 12. - Lop/10zo11otriletes rarit11berc11/at11s (Luber) Kedo, GSC No. 25488. 

Fig. 13. - L. cristifer (Luber) Kedo, GSC No. 25489. 

Fig. 14. - L . malevkensis Naumova, GSC No. 25490. 

Fig. 15. - Archaeozonotriletes literatus (Waltz) Naumova, GSC No . 25491. 

Fg. 16. - Spi11ozo11otri/etes 1111ca/11s Hacquebard, GSC No. 25492. 

Fig. 17-23. - Imperial Formation, GSC Loe. 7048 . 

Figs 17, 18, 22. - Hyme11ozo11otriletes /epidophytus Kedo, GSC No. 25493-
25495. 

Fig. 19. - Grandispora echinata Hacquebard, GSC No. 25496. 

Fig. 20. - Lophozonotri/etes cristifer (Luber) Kedo, GSC No. 25497. 

Fig. 21. L. rarit11berc11/at11s (Luber) Kedo, GSC No. 25498. 

Fig. 23. unidentified, GSC No. 25499. 
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E. P APROTH & M. STREEL. -
Limite Devonien/ Carbonifere dans Facies ardenno--rhenan. 

PLANCHE 24 

Localisation de tous !es exemplaires figures : tranchee du chemin de fer pres 
de Ia station Oberrodinghausen (feuille Balve) ; partie superieure des couches 
a Wocklwneria. 

Fig. 1. - Imitoceras (Prionoceras ? ) sp. Les constrictions sur le flanc semblent 
s'aplatir vers le bord externe. Fig. la. - moule positif ; Fig. lb. - moule 
negatif (De 237)(1) X 5. 

Position stratigraphique : 25 cm sous la base du calcaire a Ga11e11dorfia. 

Fig. 2. - Imitoceras (Prionoceras ?) sp. Fig. 2a. - moule interne incomplet 
avec restes de la suture sur le flanc ; lobus lateral piriforme (De 236). Fig. 2b. 
- esquisse pour !'e lucidation de Ia figure 2a. X 3. 
Position stratigraphique : 25 cm. sous Ia base du calcaire a Gattendorfia. 

Fig. 3. - Imitoceras (Prionoceras?) sp. Cote externe avec deux constrictions, 
moule negatif (De 258). X 3. 

Position stratigraphique : 1,5 - 3,2 m sous la base du calcaire a Gattendorfia. 

Fig. 4. - Cymaclymenia euryomphala Schindewolf avec suture sur le flanc 
(haut sur la figure) (De 316). X 1. 
Position stratigraphique : 0 - 50 cm au-dessus de la base des Hangenberg
Schiefer. 

(1) Numero de la collection du Geologisches Landesamt Nordrhein-Westfalen, 
Krefeld. 
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E. PAPROTH & M. STREEL. -
Limite Devonien/ Carbonifere dans Facies ardenno--rhenan. 

PLANCHE 25 

Sauf indication contraire (* = X 500), les photographies sont agrandies X 1000 
a partir de cliches non retouches. Les lames sont conservees dans les collections 
du Laboratoire de Paleontologie vegetale de l'Universite de Liege. 

Fig. 1. - Vallatisporites pusillites (Kedo) Dolby & Neves 1970. Oese 2: 
0-10 cm au-dessus de la base des Hangenberg-Schiefer. - Lame 2960/ 067. 

Figs 2 et 3. - Hyme11ozo11otriletes aff. H. archaelepidophytus Kedo 1955. 
L'exoexine distale et proximo-equatoriale porte un reseau assez regulier forme 
de muri (lµ de haut et de large) portant une tres fine et dense ornementa
tion de coni ( < Yz µ). L'exoexine proximale ne porte pas de reseau de muri. 
La limite entre l'exoexine proximate et l'exoexine proximo-equatoriale est typi
quement concentrique au contour de la spore determinant une « pseudozone • 
moins opaque que le reste de la spore. Une structure en limbus n'a pu cependant 
etre mise en evidence. 

2. Chern B, coupe de la vallee de l'Ambleve dans la region proche de Comblain
au-Pont. Fa2c. Lame 3532/381. Ce specimen montre un corps central dont le 
rayon est approximativement egal a la moitie du rayon de la spore. 

3. Beverire 5514, coupe de la vallee de l'Ourthe - Fa2c - Lame 2460/416. 

Fig. 4. - Lophozo11otriletes rarit11berc11/at11s (Luber) Kedo 1957. Tranchee 
du chemin de fer pres de la station Oberrodinghausen : environ 1 m au-dessus 
de la base des Hangenberg-Schiefer - Lame 2312/ 417 . 

Fig. 5. - Hy111e11ozo11otriletes /epidophytus Kedo 1957. Chanxhe 112 - Fa2d 
- Lame 1615/ 341. L'ornementation est typiquement irreguliere, formee de muri 
bas (1 µ de haut et de large, ou moins), parfois interrompus, ou de lacunes 
dans l'epaisseur de l'exoexine distale. Les muri portent des coni (1 µ) espaces. 
Seuls les specimens Jes plus grands, comme sur la figure 5, montrent une partie 
de l'exoexine proximo-equatoriale portant un reseau, bordant une exoexine 
proximale lisse excentrique. 

Fig. 6. - Leiotriletes ornatus Ischenko 1956. Ecaussinnes 3 - coupe proche de 
Feluy - Tnl - Lame 3727 / 413 . 

Fig. 7. - Verrucosisporites nilidus Playford 1964. - Ecaussinnes 3 - coupe 
proche de Feluy - Tnl - Lame 3727 / 096. 
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E. PAPROTH & M. STREEL. -
Limite Devonien/ Carbonifere dans Facies ardenno--rhenan. 

PLANCHE 26 

Sauf indication contraire (* = X 500), !es photographies des specimens sont 
agrandies X 1000 a partir de cliches non retouches. L'echelle de grossissement 
des photographies de palynofacies est representee sur la figure 13. Les lames 
sont conservees dans !es collections du Laboratoire de Paleontologie vegetale 
de l'Universite de Liege. 

Fig. I. - Dictyotriletes trivia/is (Naum. in lilt.) Kedo 1963 Ecaussinnes 3 -
coupe proche de Feluy - Tnl - Lame 2056/226. 

Fig. 2 . - ? Dictyotriletes sp. Oese 1, en face de la station du chemin de fer: 
3 metres au-dessus de la base des Hangenberg-Schiefer - Lame 2960/ 374. 

Fig. 3. - P11st11/atisporites gibberosus (Hacquebard) Playford 1964. Sandage 
de Tournai: 316 m - Tnl - Lame 2015 / 1. 

Fig. 4. - A11cyrospora ? capil/ata Dolby & Neves 1970. Sandage de Tournai: 
316 m - Tnl - Lame 1207/389. L'existence d'une intexine delimitant une 
aire centrale tout a fait opaque est mise en evidence par un tirage special d'une 
partie du cliche. 

Fig. 5. - Retusotriletes i11colwtus Sullivan 1964a. Feluy I - Tn2a - Lame 
1033 / 587. 

Figs 6 a 13. - Divers palynofacies a la meme echelle de grossissement. 

6. Grimminghausen 19: 1 metre sous le niveau a Gatte11dorfia intercale dans 
les Hangenberg-Schiefer. Lame 7047. Pas de spores. Mineraux (h) et debris 
opaques (i) abondants. 

7. Grimminghausen 11 : 7 metres environ au-dessus du niveau a Gatte11dorjia 

dans Jes Hangenberg-Schiefer. Lame 7237. Retusotriletes i11cohat11s et R. p1111c

tat11s, rares et de petites tailles. Mineraux, debris opaques et debris algues ? (f). 

8. Oese 2 : 0-10 cm au-dessus de la base des Hangenberg-Schiefer. Lame 2961. 
Spores abondantes ; quelques debris de cuticules et de tracheides (e) ; gros debris 
opaques (i). 

9. Obeodinghausen 10 (rail) : 4,50 metres au-dessus de la base des Hangen
berg-Schiefer. Lame 2319. Spores ma! conservees ; debris opaques. 

10. Ampsin I pres de Huy ; coupe dans le Synclinorium de Namur - Tn2a -
Lame 2353. Spores nombreuses mais Ires ma! conservees (g) ; fins debris opa
ques, debris algues ? (f). 

11. Huy 2/71, vallee du Hoyoux, pres de Huy, coupe dans le Synclinorium de 
Dinant : 5 metres sous la faune a Siphonodella - Tnl - Lame 7275. Spores 
tres abondantes, gros debris de cuticules et tracheides. 

12. Sondage de Tournai : 318 m - Tn 1 - Lame 1312. Spores tres abondantes, 
gros debris de cuticules et tracheides. 

13 . Sondage de Leuze: 599 m - Tn! - Lame 1312. Spores tres abondantes, 
gros debris de cuticules et tracheides. 

a: H. lepidophytus ; b: V . pusillites; c: R. verrucosus ; d: E. gr. 111i1111tus; 

e : cuticules et tracheides diverses ; f: debris d'algues (?) ; g: petites spores a 
exine corrodee ; h : mineraux insolubles dans !'HF ; i : debris opaques (fusainJ. 
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J. UTTING & R. NEVES. -
Lower Limestone Shale and Portishead Beds, Avon Gorge, England. 

PLATE 27. 

All figures X 500 unless otherwise stated ; Vickers M 15 C Microscope 
No. 158145. The slides are lodged in the type collection of the Micropalaeon
tology Laboratory, Department of Geology, University of Sheffield . 

Fig. 1. - Secarisporites sp. Sample 12 Slide 3. 130/ 45.5. 

Fig. 2. - Lophozonotriletes malel'kensis Kedo. Sample 11 Slide 2. 123 .5/ 44.1. 

Fig. 3. - Discernisporites sp . Magnification X 150. Sample 22 Slide 1. 128/44. 

Fig. 4. - Cristatisporites echinatus Playford. Sample 12 Slide 3. 129.7 /21.1. 

Fig. 5. Co11vo/11tispora sp. Sample 22 Slide 2. 124.2/38.8. 

Fig. 6. Retusotriletes i11cohat11s Sullivan. Sample 11 Slide 2. 118.5/55.9. 

Fig. 7. - Verrucosisporites 11itid11s (Naumova) Playford. Sample 12 Slide 10. 
133.7I19.8. 

Fig. 8. - Dictyotriletes suball'eolaris (Luber) Potonie & Kremp. Sample 24 
Slide l. 126.2/25.8. 

Fig. 9. - Hy111enozo11otri/etes fa111e11e11sis Kedo. Sample 22 Slide 2. 133132.3. 

Fig. 10. - Raistrickia sp. Sample 12 Slide 10. 133 .7 /13.6. 

Fig. 11. - Grandispora echinata Hacquebard. Sample 10 Slide 1. 134/30.2. 

Fig. 12. - Rhacophyton sp. X 1. Showing dichotomizing ultimate branches 
(pinnules?). 

Fig. 13. - Knoxisporites literatus (Waltz) Playford. Sample 24 Slide 2. 120/ 16.4. 

Fig. 14. - Rhacophyton sp. X 1. Showing clusters of sporangia. 
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J. UTTING & R. NEVES. -
Lower Limestone Shale and Portishead Beds, Avon Gorge, England. 

PLATE 28 

All figures X 500 unless otherwise stated ; Vickers M 15 C Microscope 
No. 158145. 
The slides are lodged in the type collection of the Micropalaeontology Labora
tory, Department of Geology, University of Sheffield . 

Fig. l. - Hyme11ozo11otriletes lepidophytus Kedo. Sample 24 Slide l. 127.5/ 55.1. 

Fig. 2. - H . lepidophy tus. Sample 24 Slide 2. 123.5/ 33.4. 

Fig. 3. - Corystisporites sp. Sample 12 Slide 3. 122/ 30. 

Fig. 4. - Rhacophyton sp . Magnification X 3. Shows clusters of sporangia. 
(this fig . is the upper part of fig. 5 enlarged). 

Fig. 5. - Rhacophyto11 sp. X 1. Shows dichotomizing branches and clusters of 
sporangia. 

Fig. 6. - ? Ancyrospora capil/ata Dolby & Neves 1970. Sample 22 Slide 1, 
132/32.6. 

Fig. 7. Part of specimen shown in fig. 6, but at different level of focus 
showing hairy exine and multifurcate tips. 
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W.F. von ALMEN . - Devonian Mississippian Boundary, Oklahoma, U.S .A. 

PLATE 29 

Selected spores from samples Pb 5117 and Pb 5118 (upper 25 feet) of the 
Woodford Formation, Hickory Creek outcrop, Carter County, Oklahoma, U .S.A. 
Residue slides deposi ted in Michigan State University Palynology Laboratory, 
Michigan State University, East Lansing, Michigan , U.S.A. 4883. All figures 
approximately X 665. 

Fig. I. - P11st11/atisporiles gibberosus (Hacquebard 1957) Playford 1963 . 53µ; 
Slide Pb 5118-3 (8), 14.3-121.7. 

Figs 2, 3. - Perotrilites perinatus Hughes & Playford 1961. 37µ central body, 
maximum perispore width 2µ ; Slide Pb 5117-4, 35.8-120.l ; 2, proximal view; 
3, distal view. 

Fig. 4. - Perotrilites luteolus (Naumova 1953) comb. nov. 29µ central body, 
maximum perispore width 3µ; Slide Pb 5118-1 (8), 29.1-127.9. 

Figs 5, 6. - Perotrilites evanidus (Kedo 1957) comb. nov. 36µ central body, 
maximum perispore width 7µ; Slide Pb 5117-4, 15-9-114; 5, proximal view; 
6, distal view. 

Figs 7, 8. - Murospora subtera (Waltz 1941) comb. nov. 38µ central body, 
zona width 7µ; Slide Pb 5118·3 (8), 28.6-120.2 ; 7, proximal view ; 8, distal 
view. 

Fig. 9, 10. - Lophozonotriletes de11tat11s Hughes & Playford 1961. 38µ ; Slide 
Pb 5117-4, 30.6-123.9; 9, proximal view; 10, distal view. 

Fig. 11, 12. - Discernisporites irregularis Neves 1958. 40µ inner saccus, 
maximum exoexine width 12µ; Slide Pb 5118-4; 10.2-116.6; II, proximal 
view; 12, distal view. 

Fig. 13. - Discemisporites co11ce11tric11s Neves 1958. 2, 53µ inner saccus, 
maximum exoexine width 26 µ : Slide Pb 5118-2, 6.7-113 .2. 
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R.H. WAGNER, D .G. JONES, E. SPINNER & C.H.T. WAGNER-GENTIS. -
Upper Cantabrian, E. Asturias, Spain. 

PLATE 30 

Fi g. 1. - Neuropteris ovata Hoffmann, X 3. Loe. M4-5 . 

Fig . 2. - Sphenopteris cf. rotundiloba Nemejc, X 1. Loe. M4. 

Fig. 3. 

Fig . 4. 

Cordaianthus? sp., X 1. Loe. M4. 

Dicksonites p/uc:keneti (von Schlotheim) Sterzel, X 3. Loe. M4. 
Fragment of a larger specimen showing three lobing pinnules in a 
row. 

Fig. 5. - Pecopteris acuta Brongniart, X 3. Loe. M4. Rather small, triangular 
pinnules, faintly lobate, with a distinct midvein and simple laterals. 

Fig. 6. - Reticu/opteris germari (Giebel) Gothan, X I. Loe. M4. Same pinnule 
fragment as figured ( X 3) in Wagner 1967 (lam. I, fig. 1). 

Fig. 7. Neuropteris scheuchzeri Hoffmann, X 1. Loe. MS. Note the trian
gular apex of this pinnule fragment. 

Fig. 7a . - The same specimen, x 3, showing the fine nervation and hair lines 
crossing the veins. Same as in Wagner 1967, lam I , fig . 3. 

Fig. 8. - Linopteris neuropteroides (von Gutbier) Potonie, X I. Loe. 1946. 

Fig. 8a. - The same specimen, X 3, showing the elongate vein meshes. 

Fig. 9. - Callipteridi11111 cf. jongmansi (P. Bertrand) - stria/um Wagner, X 3 
Loe. 1949. 

Fig. 9a. - The same specimen, X 1. 





R.H. WAGNER, D .G. JONES, E. SPINNER & C.H.T. WAGNER-GENTIS. -
Upper Cantabrian, E. Asturias, Spain . 

PLATE 31 

Fig. 10. - N europ/eris ova/a Hoffmann, X 3. Loe. M4-5 . Several pinnules 
with some of the carbonised limb still attached to the impression. 

Fig. 11. - Neuropteris p/anchardi Zeiller, X 3. Loe. 1944. 

Fig. 11 a. - The same specimen, X 3, showing the distinct midvein and the 
fine lateral veins tending to a perpendicular position on the pinnule 
border. 

Fig. 12. Sphenopteris cf. rot1111diloba Nemejc, X 3. Loe. M4. Enlargement 
of Pl. 30, figure 2. 

Fig. 13 . - Linopleris neuropteroides (von Gutbier) Potonie, X 1. Loe. 1949. 

Fig. 13a. - The same specimen, X 3, enlarged to show the characteristic shape 
and the elongate vein meshes. 
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R.H. WAGNER, D.G. JONES, E. SPINNER & C.H.T. WAGNER-GENTIS. -
Upper Cantabrian, E. Asturias, Spain. 

PLATE 32 

Fig. 14. - Callipteridium gigas (von Gutbier) Weiss, X 1. Loe. 1934. 

Fig. 14a. - The same specimen, X 3, showing the fine nervules. 

Fig. 15. - Pse11do111ariopteris ribeyroni (Zeiller) Danze-Corsin, X 1. Loe. 1949. 

Fig. 15a. - Part of the same specimen, X 3. 

Fig. 16. - Sphe11ophyl/11111 ob /011gifoli11111 (Germar & Kaulfuss) Unger, X 3. 
Loe. M4. 

Fig. 17. - Callipleridi11111 gigas (von Gutbier) Weiss, X I. Loe. 1934. 

Fig. 18. 

Fig. 19. 

Fig. 20. 

Fig. 21. 

Fig. 22. 

Torispora sp., X 500. 

Speciososporites minor Alpern, X 500. 

Triquitrites lriparlitus Alpern, X 500. 

Stellisporites i11flat11s? Alpern, X 500. 

Thy111ospora pseudothiessenii (Kosanke) Wilson & Venkatachala, 
x500. 

Fig. 23 . - Torispora sp., X 500. 

Fig . 24. - Triquitrites cf. scu lpt ii is (Balme) Smith & Butterworth, X 500. 

Fig. 25 . The same specimen as above ; different focus. 

Fig. 26. - Triquitrites sp., X 500. 

Fig. 27. - Thymospora obscura (Kosanke) Wilson & Venkatachala, X 500. 

Fig. 28 . - P1111clalosporites sp., X 500. 

Fig. 29. - Triquitrites mamosus? Bharadwaj, X 500. 

Fig. 30. - The same specimen as above ; different focus. 

Fig. 31. - T hym ospora pseudothiessenii (Kosanke) Wilson & Venkatachala, 
X500. 

Fig. 32. Thymospora obscura (Kosanke) Wilson & Venkatachala, X 500. 

Figs 33 , 34, 35. - Spi11osporites spi11os11s Alpern, X 500. 

Fig. 36. - Westphale11sisporites cf. irregularis Alpern, X 500. 

Fig. 37. - Speciososporites minor Alpern, X 500. 

Fig. 38. 

Fig. 39. 

A picu/atisporis sp., X 500. 

Lycospora sp., X 500. 
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R.H . WAGNER, D.G. JONES, E. SPINNER & C.H.T. WAGNER-GENTIS . -
Upper Cantabrian, E. Asturias, Spain. 

PLATE 33 

Fig. 40. - cf. Eoasianites Ruzhencev sp., X 3. Lateral view showing lamellate 

lateral ornament with a raised rim along the umbilical edge ; 
lamellate striae continue over umbilical edge where they bundle 
(three striae per bundle) and simulate fine nodes. The globular 
shell was crushed and this gives the false impression of a keel 
whereas the venter is, in fact, rounded. 

Fig. 41. - Aristoceras sp., X3 . Crushed specimen showing a double groove 
on the latero-ventral side. 

Fig. 42. - Gen. et sp. indet. Fam. Neodimorphoceratidae Ruzhencev & 
Bogoslovkaya 1969, X 3. Specimen showing the involute shape and 
transverse striae bifurcating at the umbilicus. 

Figs 43, 44. - Cos111etodo11 (Gra111111atodo11) sp., X 1.5. 

Fig. 45. - Orthoconic nautiloid, X 1. 

Fig. 46. - A viculopecten sp., X 1. 

Fig. 47 . - Co111posita sp., X 1. Pedicle valve. 

Fig. 48. - Fenestella sp., X 1. 

Fig. 49. - Co111posita sp., X 1.5. Brachia! valve. 

Fig. 50. - Trilobite pygidium, X 5. 

Fig. 51. - Kozlowskia sp., X 1. Pedicle valve. 

N .B. - The macrofossils (plants, gomatltes, lamellibranchs, etc.) will be depos
ited in the collection of the Department of Palaeontology, University of 
Oviedo. The microfossils (spores) are in the Micropalaeontology Collection of 
the Geology Department, University of Sheffield . 
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Fig. 1. 

Fig. la. 

R.H . WAGNER & C.F. WINKLER PRINS. -
Cantabrian and Stephanian A, Barruelo, Spain. 

PLATE 34. 

Callipteridium jo11gma11si (P. Bertrand) Wagner, X l. 

Same as above, X 3. 

Figs 2-4. - Linopteris neuropteroides (von Gutbier) Potonie, X l. 

Fig. 4a. Same as above, x 3. 

Fig. 5. Sphenophyl/um cf. majus Bronn, x 1. 

Fig. 6. - Reticulopteris germari (Giebel) Go than, x 3. 

Fig. 7. - Taeniopteris sp., x 1. 

Fig. 7a. - Same as above, x 3. 

All specimens from Joe. 1705, outcrop of silty mudstone in a large bend of the 
Rio Rubag6n, at the top of the turbidite beds in the upper part of the Brafiosera 
Formation. Age : upper Cantabrian. Repository : Instituto « Lucas Mallada ., 
Museo Nacional de Ciencias Naturales, Madrid. Coll. J . Fernandez-Pella. 
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Fig. 1. 

Fig. 2. 

Fig. 3. 

Fig. 3a. 

Fig. 4. 

Fig. 4a . 

R.H. WAGNER & C.F . WINKLER PRINS. -
Cantabrian and Stephanian A, Barruelo, Spain. 

PLATE 35. 

Splzenopteris cf. mendes-correae Teixeira, X 3. 

Sphe11oplzyllum cf. majus Bronn, X 3. 

Neuropteris p/anclzardi Zeiller, X 1. 

Same as above, X 3. 

Pseudomariopteris ribeyroni (Zeiller) Danze-Corsin, X 1. 

Same as above, X 3. 

All specimens from Joe. 1705, outcrop of silty mudstone in a large bend of the 
Rio Rubag6n, at the top of the turbidite beds in the upper part of the Braiio
sera Formation. Age : uper Cantabrian. Repository : Instituto « Lucas Malla
da », Museo Nacional de Ciencas Naturales, Madrid. Coll. J. Fernandez-Pella. 
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R.H. WAGNER & C.F. WINKLER PRINS. -
Cantabrian and Stephanian A, Barruelo, Spain. 

PLATE 36. 

Figs 1-5. - Altenuatella aff. frechi (Schellwien 1892). 

Fig. 1. - Internal mould of a pedicle valve with some anterior shell remains. 
RGM-St. 142907, X 7, loc. 97, Brafiosera Formation, la ventral view; 
lb posterior view. 

Fig. 2. - Internal mould of a pedicle valve. RGM-St.142901, Joe. 97, Brafio
sera formation, 2a posterior view, X 7, 2b ventral view, X 8. 

Fig. 3. - Crushed internal mould. RGM-St.142902, X 7, Joe. 97, Brafiosera 
Formation, dorsal view. 

Fig. 4. - Pedicle valve. RGM-St.142903, Joe. 97, Brafiosera Formation, 4a 
posterior view, X 7, 4b ventral view, X 5. 

Fig. 5. - Internal mould of a pedicle valve with some posterior shell remains. 

Fig. 6. 

RGM-St.142910, X 7, lac. 517, Brafiosera Formation. 

Figs 6-8 . - Neocho11etes latesi1111at11s miaokouensis (Chao 1928). 

Internal mould of a brachia! valve. RGM-St.143205, X 2.5, loc. 1708, 
Polvorin Member of the Barruelo Formation. 

Fig. 7. - Exterior mould of the brachia! valve showing the interarea and the 
cardinal process. RGM-St.143207, X 3, loc. 1708, Polvorin Member 
of the Barruelo Formation. 

Fig. 8. - Internal mould of a pedicle valve showing spine roots on the right. 
RGM-St.143206, X 2.5, loc. 1708, Polvorin Member of the Barruelo 
Formation. 

Figs 7-8. are whitened with ammonium chloride. 





Fig. 1. 

R.H. WAGNER & C.F. WINKLER PRINS. -
Cantabrian and Stephanian A, Barruelo, Spain. 

PLATE 37 . 

Figs 1-2. - Chaoie//a sp. 

Decorticated pedicle valve. RGM-St.142965, X 1, Joe. 6, Calero 
Member of the Barruelo Formation. 

Fig. 2. - Decorticated pedicJe valve. RGM-St.142966, X 1, Joe. 6, Calero 
Member of the BarrueJo Formation, ventro-lateraJ view. 

Figs 1-2. are whitened with ammonium chloride. 

Fig. 3. - M esolobus? si1111os11s (Schellwien 1898). Pedicle valve, RGM-St. 
142861 X 2.5, Joe. 517, Brafiosera Formation. 

Figs 4-5 . - Kara va11ki11a parae/egans Sarycheva 1968. 

Fig. 4. - Brachia! valve. RGM-St.142817 , X5, Joe. 97, Brafiosera Formation. 
4a mould of the exterior ; 4b mould of the interior. 

Fig. 5. Internal mould of a pedicle valve. RGM-St.142816, X7, Joe. 517, 
Brafiosera Formation. 

Fig. 6. - « Horridonia • incisa (Schellwien 1900). Internal mould of a pedicle 
valve . . RGM-St.142835, X 5., Joe. 517, Brafiosera Formation. 

Figs 7-8. - Martinia karawanica Volgin 1959. 

Fig. 7. - Pedicle valve. RGM-St.142890, x 0.8, Joe. 97, Brafiosera Formation. 

Fig. 8. - Pedicle valve. RGM-St.-142891, Joe. 97, Brafiosera Formation. 
8a dorsal view, X 0.9 ; 8b ventral view; X 0.8 





R.H. WAGNER & C.F. WINKLER PRINS. -
Cantabrian and Stephanian A, Barruelo, Spain. 

PLATE 38. 

Fig. 1. - Choristites fritschi (Schellwien 1892). Pedicle valve. RGM-St.142893, 
X 0.8, loc. 97, Brafiosera Formation. la ventral view; 1 b dorsal view. 

Fig. 2. 

Figs 2-3 . - Plicatocyrtia zitelli (Schellwien 1892). 

Fragmentary pedicle valve showing the ornamentation. RGM-St. 
142895, X 2.5, Joe. 517, Brafiosera Formation. 

Fig. 3. - Internal mould . RGM-St.142894, X 1.6, Joe. 1708, Polvorin Member 
of the Barruelo Formation. 3a ventral view ; 3b dorsal view ; 
3c posterior view. 

Figs 4-5. - Brachythyrina camica (Schellwien 1892). 

Fig. 4. - Pedicle valve. RGM-St.142897, X 1.6, loc. 97, Brafiosera Formation. 

Fig. 5. - Pedicle valve. RGM-St.142899, X 1.6, loc. 97, Brafiosera Formation. 

N. B. RGM-St. - catalogue numbers of the Rijksmuseum van Geologie en 
Mineralogie, Leiden. 
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