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Preliminary remarks: During a Colloquium of the "Groupe Français du Crétacé" [French Group 
working on the Cretaceous] held in Paris in December 2006 an impromptu discussion began regarding 
an old division of geologic time, officially abandoned but still used in a practical way: the Vraconnian. 
The opinions expressed were surprisingly in agreement regarding the fact that the thickness of 
Vraconnian strata is frequently greater than that of the stage of which it is officially a division: the 
Albian. 
Because I had written in French a "Plaidoyer pour un étage Vraconnien entre l'Albien sensu stricto et le 
Cénomanien (système Crétacé)" [Justification for a Vraconnian stage between the Albian sensu stricto 
and the Cenomanian (Cretaceous system)] published in 2002 by the "Académie Royale de Belgique" 
[Royal Academy of Belgium], Bruno GRANIER, Professor at the "Université de Bretagne Occidentale" 
[University of Western Brittany] in Brest, current President of the "Comité Français de Stratigraphie" 
[French Committee on Stratigraphy] and editor of the journal Carnets de Géologie / Notebooks on 
Geology, proposed the publication "online" of an English version of this synthesis summarizing the 
state of current knowledge on the Vraconnian. Its purpose to insure among our English-speaking 
colleagues the broader diffusion of a discussion paper on the Vraconnian in the hope of starting new 
multidisciplinary studies on this old chronostratigraphic division, and, why not in the end, a proposal 
for its rehabilitation to an "official" status.  
The novelty of this approach was attractive at once, but to carry it out it was not simple because of 
my limited knowledge of English and technical problems in adapting the figures and of © copyrights 
belonging to the Académie Royale de Belgique. Its publication on line today "in English" shows that all 
of these questions have been resolved. So I make a point of thanking in particular: 
• Mr Nestor J. SANDER (Modesto, California), who worked hard to make an excellent translation into 

English of the complete text;  
• Mr Bertrand MATRION (Troyes, France), who adapted, modified and colored the figures;  
• Mr Léo HOUZIAUX (Bruxelles, Belgique), Perpetual Secretary of the Académie Royale de Belgique, 

who authorized the translation and adaptation of my Memoir of 2002 published under the heading 
"Classe des Sciences";  

• Mrs Françoise THOMAS and Mr Luc MOREAU, Académie Royale de Belgique;  
• Mr Francis ROBASZYNSKI, Academician and Honorary Professor of the Faculté Polytechnique de 

Mons (Belgium), who was the first to read this work and my intermediary with the Académie 
Royale de Belgique;  

• and for sure Mr Bruno GRANIER (Brest, France), who for a full year assured the coordination and 
compliance with professional standards of the manuscript for the Carnets de Géologie / Notebooks 
on Geology.  

To all, my thanks, 

Francis AMÉDRO 

Calais, December 2, 2007 

 

Abstract: The geological scale for the middle Cretaceous currently used throughout the world was 
proposed by Alcide d'ORBIGNY in the XIXth century between the years 1842 and 1847 and establishes 
the succession of stages as Albian, Cenomanian and Turonian. In 1868 RENEVIER proposed that a sup-
plemental chronostratigraphic division be intercalated between the Albian and the Cenomanian: the 
Vraconnian stage. This term was not generally accepted and after a period when it was referred to by 
BREISTROFFER (1936) as a substage constituting the upper part of the Albian, as an equivalent of the St-
oliczkaia dispar ammonite Zone, its abandonment was "recommended" by the Conference on the Lower 
Cretaceous held in Lyon in 1963. The conditions that led to this "decision" will be discussed herein. 
Historically, for almost a century the Vraconnian was studied only in the condensed levels of the plat-
form where ammonites are abundant, but the succession is thin and not mappable. The type section of 
the Vraconnian in the Vaud canton of Switzerland is only 2 meters thick. In France the situation is the 
same in the northern Alps, in most of central Europe, in Russia, in the Crimea, and as far as the 
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Caspian sea. 
The examination of a certain number of sections located in other parts of the world: in the south-
eastern basin of France (Salazac, Marcoule, Mont-Risou), in the Anglo-Paris basin (Folkestone, Mers-
tham, Grandpré), in the Mons basin (Harchies, Strépy-Thieu), at the southern edge of the Tethys in 
central Tunisia (Kaalat Senan), in Madagascar (Diégo Suarez) and North America in California (Dry 
Creek) demonstrates, however, that in a number of regions of the globe the sedimentary record of the 
Vraconnian is sometimes rather considerable, often much more important than that of the Albian sensu 
stricto. 
In addition, the Vraconnian represents a very important eustatic event between an Albian transgression 
and the great Cenomanian transgression (third order cycle and the peak of transgression in a second 
order cycle). It involves a period of rapid ecologic expansion both as regards the macrofauna (ammo-
nites in particular) and microfauna (planktonic foraminifera). These are the main reasons why a 
rehabilitation of the Vraconnian as a true stage is proposed here. 

The Vraconnian in 2008 

• Lower boundary. The base of the Vraconnian is taken at the first appearance of the ammonite 
Mortoniceras (Mortoniceras) fallax (BREISTROFFER). A substitute index species might be the 
ammonite Neophlycticeras (Neophlycticeras) blancheti. 

• Upper boundary. It is the base of the Cenomanian stage which coincides with the first appearance 
of the planktonic foraminifer Rotalipora globotruncanoides SIGAL (= R. brotzeni (SIGAL)) in 
accordance with the recommendations of the "Second International Symposium on Cretaceous 
Stage Boundaries" held in Brussels in 1995 (TRÖGER & KENNEDY, 1996). 

• Type Section. To conform to the criteria set up by the International Stratigraphic Commission, any 
candidate for defining the boundary of a stage should be uncondensed, have no important 
discontinuities, be easy of access, permanent and fossiliferous. Two sections currently under 
investigation seem to have good potential: Mont-Risou in the southeast basin of France where the 
lower boundary of the Cenomanian is already defined and in the neighborhood of Kaalat Senan in 
central Tunisia. 

• Duration. Cyclostratigraphic analyses (FIET et alii, 1998) give the Vraconnian a duration of 2.4 ± 
0.2 Ma. This length is equivalent to that of a stage like the Santonian (2.3 Ma). If the lower 
boundary of the Cenomanian is 98.9 Ma (GRADSTEIN et alii, 1994) then by extrapolation the base of 
the Vraconnian is at 101.3 Ma. 

• Ammonite zonation. In the Vraconnian of northwestern Europe three ammonite zones are now 
accepted. From bottom to top they are:  
• Mortoniceras (Mortoniceras) fallax IZ; 
• Mortoniceras (Subschloenbachia) perinflatum TRZ; 
• Arrhaphoceras (Praeschloenbachia) briacensis IZ.  

However, note that the first occurrence of the planktonic foraminifer Rotalipora globo-
truncanoides which marks the Vraconnian-Cenomanian boundary is just below the upper limit 
of the A. (P.) briacensis Zone. As A. (P.) briacensis is one of the Hoplitidae of which the 
geographic distribution is confined to the North European province of the Boreal realm an 
alternative solution to the existing zonation in the future could be founded on the phyletic line 
of the cosmopolitan Stoliczkaiinae with the succession Neophlycticeras (Neophlycticeras) 
blancheti, Stoliczkaia (Stoliczkaia) dispar, Stoliczkaia (Lamnayella) tetragona or S. 
(Shumarinaia) africana.  
N.B. Many have correlated the Vraconnian with the range of the Stoliczkaia dispar Zone auct.. 
In fact, S. dispar is confined to the M. (S.) perinflatum TRZ. 

• Zonation by foraminifera. The calibration of foraminiferal zones with those of ammonites is not yet 
completely established. Following SIGAL (1977, 1987) and ROBASZYNSKI & CARON (1979), the 
working group on planktonic foraminifera has held the appearance of Rotalipora appenninica 
(RENZ) to be a marker of the base of the Vraconnian. 

• Zonation by calcareous nannofossils. The lower rate of speciation in calcareous nannofossils as 
compared that of ammonites and foraminifera leads to the definition of broad zones that pass 
beyond the boundaries of the Vraconnian. Nevertheless, the appearance of Eiffellithus turriseiffeli 
(DEFLANDRE) is close to the boundary between the M. (S.) perinflatum and A. (P.) briacensis 
ammonite zones. 

Key Words: Cretaceous; Albian; Cenomanian; Vraconnian stage; ammonites; foraminifera; sequence 
stratigraphy. 

Citation : AMÉDRO F. (2008).- Support for a Vraconnian Stage between the Albian sensu stricto and the 
Cenomanian (Cretaceous System).- Carnets de Géologie / Notebooks on Geology, Brest, 
Memoire2008/02 (CG2008_M02) 

Résumé : Plaidoyer pour un étage Vraconnien entre l'Albien sensu stricto et le Cénomanien 
(système Crétacé).- Le calendrier géologique en usage actuellement dans le monde pour la partie 
moyenne du Crétacé a été construit au XIXème siècle, entre les années 1842 et 1847 par Alcide 
d'ORBIGNY et montre la succession des étages Albien, Cénomanien et Turonien. En 1868, une division 
chronostratigraphique supplémentaire, intercalée entre l'Albien et le Cénomanien, a été proposée par 
RENEVIER : l'étage Vraconnien. Ce terme n'a pas été pérennisé et, après avoir été ramené dans un 
premier temps au rang d'un sous-étage formant la partie supérieure de l'étage Albien par BREISTROFFER 
(1936), son abandon a été "recommandé" lors du Colloque sur le Crétacé inférieur tenu à Lyon en 
1963. On développera la façon dont la "décision" a été prise. 
Historiquement, le Vraconnien a été étudié pendant près d'un siècle uniquement dans des niveaux 
condensés de plate-forme, riches en ammonites mais peu épais et qui ne se prêtaient pas à une carto-
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graphie. Dans le gisement-type de La Vraconne situé dans le canton de Vaud en Suisse par exemple, le 
Vraconnien mesure seulement 2 mètres d'épaisseur. La situation est la même en France dans le Nord 
des Alpes, dans une grande partie de l'Europe centrale, en Russie, en Crimée et jusqu'à la mer 
Caspienne. 
L'examen d'un certain nombre de coupes réparties dans d'autres parties du monde : dans le bassin du 
Sud-Est de la France (Salazac, Marcoule, Mont-Risou), dans le bassin anglo-parisien (Folkestone, 
Merstham, Grandpré), dans le bassin de Mons (Harchies, Strépy-Thieu), sur la marge méridionale de la 
Téthys en Tunisie centrale (Kalaat Senan), à Madagascar (Diégo) et en Amérique du Nord en Californie 
(Dry Creek), montre cependant que dans de nombreuses régions du globe, l'enregistrement 
sédimentaire du Vraconnien est parfois considérable, souvent beaucoup plus important que celui de 
l'Albien sensu stricto. En outre, le Vraconnien correspond à un événement eustatique global d'une 
réelle importance entre une transgression albienne et une grande transgression cénomanienne (cycle 
de 3ème ordre et pic de transgression d'un cycle de second ordre). Enfin il s'agit d'une période 
d'épanouissement écologique à la fois en ce qui concerne les macrofaunes (ammonites en particulier) 
et les microfaunes (foraminifères planctoniques). Ce sont les principales raisons pour lesquelles une 
réhabilitation du Vraconnien comme étage à part entière est proposée ici. 

Le Vraconnien en 2008 

• Limite inférieure. La base du Vraconnien est prise à la première apparition de l'ammonite 
Mortoniceras (Mortoniceras) fallax (BREISTROFFER). 

• Limite supérieure. C'est la base de l'étage Cénomanien qui coïncide avec la première apparition du 
foraminifère planctonique Rotalipora globotruncanoides SIGAL (= R. brotzeni (SIGAL)) selon les 
recommandations du Second Symposium sur les limites des étages du Crétacé tenu à Bruxelles en 
1995 (TRÖGER & KENNEDY, 1996). 

• Coupe-type. Pour répondre aux critères élaborés par la Commission stratigraphique internationale, 
toute coupe candidate pour la définition d'une limite d'étage doit être dilatée, dépourvue de 
discontinuité importante, facile d'accès, permanente et fossilifère. Deux coupes en cours 
d'investigation semblent présenter un bon potentiel : le Mont-Risou dans le bassin du Sud-Est de la 
France où est déjà définie la limite inférieure du Cénomanien et les environs de Kalaat Senan en 
Tunisie centrale. 

• Durée. Les analyses cyclostratigraphiques (FIET et alii, 1998) confèrent au Vraconnien une durée 
de 2,4 ± 0,2 Ma. Cette durée est équivalente à celle d'un étage comme le Santonien (2,3 Ma). En 
considérant la limite inférieure de l'étage Cénomanien à 98,9 Ma (GRADSTEIN et alii, 1994), la base 
du Vraconnien peut être placée par extrapolation à 101,3 Ma. 

• Zonation par les ammonites. Trois zones d'ammonites sont admises actuellement dans le 
Vraconnien du Nord-Ouest de l'Europe, du bas vers le haut les : 
• IZ à Mortoniceras (Mortoniceras) fallax ; 
• TRZ à Mortoniceras (Subschloenbachia) perinflatum ; 
• IZ à Arrhaphoceras (Praeschloenbachia) briacensis.  

A. (P.) briacensis étant un Hoplitidae dont la répartition géographique est limitée à la province 
nord-européenne du domaine boréal, une solution alternative à la zonation actuelle pourrait 
être fondée dans l'avenir sur la lignée phylétique des Stoliczkaiinae, cosmopolites, avec la 
succession Neophlycticeras (Neophlycticeras) blancheti, Stoliczkaia (Stoliczkaia) dispar, 
Stoliczkaia (Lamnayella) tetragona ou S. (Shumarinaia) africana. 

• Zonation par les foraminifères. L'étalonnage des zones de foraminifères par rapport aux zones 
d'ammonites n'est pas encore complètement élucidé. Cependant, dans l'état actuel des 
connaissances, le groupe de travail sur les foraminifères planctoniques a retenu l'apparition de 
Rotalipora appenninica (RENZ) pour marquer la base du Vraconnien. 

• Zonation par le nannoplancton calcaire. Le taux de spéciation plus faible du nannoplancton calcaire 
par rapport aux ammonites et aux foraminifères conduit à définir des zones larges qui débordent 
les limites du Vraconnien. Toutefois, l'apparition d'Eiffellithus turriseiffeli (DEFLANDRE) se situe aux 
confins de la limite entre les zones d'ammonites à M. (S.) perinflatum et à A. (P.) briacensis. 

Mots-Clefs : Crétacé ; Albien ; Cénomanien ; étage Vraconnien ; ammonites ; foraminifères ; 
stratigraphie séquentielle. 

Chapter 1. Introduction 

The geological time scale for the middle 
Cretaceous in current use worldwide was 
constructed in the XIXth century by Alcide 
d'ORBIGNY who in 1842 created the Albian and 
Turonian stages, and then in 1847 the Ceno-
manian stage representing the lower portion of 
the Turonian of 1842. D'ORBIGNY's innovative 
idea for the creation of chronostratigraphic 
stages quickly excited a broad adhesion by the 
scientific community. Its major interest lay in 
the definition of stages by their paleontologic 
content and not by a succession of "lithologic 
units" of which the composition could vary 
greatly even in the same basin, and a fortiori in 

different sedimentary basins. It was a way open 
to standardize geological time scales at a local 
level. In this spirit d'ORBIGNY published in 1850 
in the "PRODROME DE PALÉONTOLOGIE" a list of the 
species assigned to each of the named stages, 
and in 1852 his "Cours élémentaire de Paléon-
tologie et de Géologie stratigraphique" revised, 
summarized and synthesized the concept. 

In the second half of the XIXth century 
emulation of d'ORBIGNY's work caused a number 
of authors to propose supplementary chrono-
stratigraphic divisions. Some had the value of a 
stage, such as the Vraconnian, intercalated 
between the Albian and Cenomanian (RENEVIER, 
1868). Others were regarded as simple sub-
stages of the Cenomanian, for example the 
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Tavien (DUMAS, 1876) or as substages of the 
Turonian with the Angoumien (COQUAND, 1857), 
the Provencien (COQUAND, 1857), the Ligérien 
(COQUAND, 1869), the Ucétien (DUMAS, 1876) 
and the Saumurien (de GROSSOUVRE, 1901). 
These terms have not been adopted and today 
their usage is abandoned in accordance with the 
recommendations of the Conference on the 
Upper Cretaceous held in Dijon in 1959 (DAL-
BIEZ, 1960) and again by the Conference on the 
Lower Cretaceous organized in Lyon in 1963 
(COLLIGNON, 1965a). 

If most of the "supplementary" divisions 
proposed in the past were linked to regional 
facies and merit only a mention in the history of 
the sciences, the Vraconnian case seems diffe-
rent. It was created by RENEVIER in 1868 becau-
se of the special characteristics of the ammo-
nites present in the "Gault supérieur helvé-
tique". 

The Vraconnian stage was initially given the 
rank of a substage comprising the upper part 

the Albian stage by BREISTROFFER (1936, 1940a) 
then removed from the geological calendar at 
the Conference on the Lower Cretaceous of 
1963 (COLLIGNON, 1965a). Although the 
"Vraconnian" includes only three successive 
associations of ammonites against some fifteen 
in the remainder of the Albian, studies recently 
completed or still in progress show, however, 
that in many areas of the globe the sedi-
mentary record of the Vraconnian is sometimes 
of considerable thickness, often much greater 
than that of the Albian sensu stricto. 

That is the reason for which a question 
about the rehabilitation of the Vraconnian to 
stage rank merits being posed, for in addition to 
its very obvious paleontologic interest, its sedi-
ments are commonly mappable stratigraphic 
units. 

In addition, the Vraconnian records a global 
eustatic event of real importance between a 
great Albian and a great Cenomanian trans-
gression. 

 

Figure 1: RENEVIER's Vraconnian (1868) and its location between d'ORBIGNY's Albian and Cenomanian stages (1842-
1847). D'ORBIGNY's citation (1850) of Turrilites hugardianus among the species characteristic of the Albian stage, of 
Turrilites bergeri in the Albian and Cenomanian and of Ammonites renauxianus in the Cenomanian led to a certain 
amount of confusion in the historic definition of the Albian-Cenomanian boundary. 
In fact, the three species are contemporaneous and coexist, in particular at the La Vraconne site, the type locality of 
RENEVIER's 'Vraconnien' (1868). In terms of ammonites, the Vraconnian is equivalent to the Stoliczkaia dispar Zone 
auct., which in reality has three divisions, from bottom to top: the Mortoniceras (Mortoniceras) fallax IZ (Interval 
Zone), the M. (Subschloenbachia) perinflatum TRZ (Total Range Zone) and the Arrhaphoceras (Praeschloenbachia) 
briacensis IZ (the usage of the last-named zone is limited to northwestern Europe because of the provincialism of its 
faunas). 
Note that the range of Stoliczkaia (Stoliczkaia) dispar (d'ORBIGNY) is restricted to the Mortoniceras (Subschloen-
bachia) perinflatum TRZ, that is to the middle Vraconnian. For this reason the incorporation of the Vraconnian as a 
Stoliczkaia dispar Zone auct. seems a little abusive. 
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Chapter 2. History and definition 
of the Vraconnian Stage 

The Vraconnian stage was created in March 
1868 by RENEVIER in the following terms (p. 
479) [Trans.]: "The upper Gault of Swiss 
geologists, the French Lower Cenomanian or 
Pecten asper Zone, and the English Upper 
Greensand are only different facies of the same 
entity, the Vraconnian stage, intermediate 
between the Rotomagian and the Albian" 
(remember that the "Rotomagian" is the 
Cenomanian of today). Taking this definition in 
a strict sense, the Vraconnian would unite in 
the same chronostratigraphic unit the 
uppermost part of what is now the Albian stage 
(the Stoliczkaia dispar Zone auct., see OWEN, 
1976, 1996a) and the base of the Lower 
Cenomanian ("Pecten asper Zone" of BARROIS, 
1875 = the existing Neostlingoceras 
carcitanense and Sharpeiceras schlueteri 
subzones, that is the lower 2/3 of the 
Mantelliceras mantelli ammonite Zone, see 
AMÉDRO, 1994), see Fig. 1. 

In fact, the meaning that RENEVIER assigns 
the Vraconnian is more restrictive, as indicated 
by the remarks concerning the paleontologic 
content of the future stage given a few pages 
previously (p. 474 and p. 475): "I add, finally, 
that at Ste Croix and at Cheville, the fauna of 
the upper Gault becomes remarkably similar to 
that of the Upper Greensand, and, if I am not 
mistaken, it contains, along with many other 
species of that level, the famous Pecten asper, 
in France considered characteristic of the Lower 
Cenomanian [...]. In Switzerland, that fauna is 
particularly rich in cephalopods, gastropods and 
bivalves [...], nowhere else has it been studied 
as thoroughly as in the rich deposit of the La 
Vraconne, made classic by the excellent mono-
graph of PICTET & CAMPICHE, that is why I give 
this assemblage of fossils the name Faune 
vraconnienne". 

The selection of the name of the type section 
as the hamlet of La Vraconne near the village of 
Ste-Croix in the Vaud canton of Switzerland 
makes RENEVIER's idea about his Vraconnian 
stage more specific. The ammonites illustrated 
by PICTET  & CAMPICHE (1858-1864), their deter-
minations revised by SPATH (1923-1943) and 
BREISTROFFER (1940a), include: Phylloceras 
(Hypophylloceras) seresitense PERVINQUIÈRE, 
Tetragonites jurinianus (PICTET), Puzosia sharpei 
SPATH, Pleurohoplites (Pleurohoplites) renauxia-
nus (d'ORBIGNY), P. (Arrhaphoceras) studeri 
(PICTET et CAMPICHE), P. (A.) substuderi SPATH, P. 
(A.) subtetragonus (SPATH), Callihoplites seeleyi 
(SPATH), C. tetragonus SPATH, C. vraconensis 
(PICTET et CAMPICHE), Hyphoplites (Discohoplites) 
valbonnensis (HÉBERT et MUNIER-CHALMAS), H. 
(D.) subfalcatus (SEMENOW), H. (Hyphoplites) 
campichei SPATH, Neophlycticeras (Neophlycti-
ceras) blancheti (PICTET et CAMPICHE), Stoliczkaia 
(Stoliczkaia) notha (SEELEY), S. (S.) dispar 

(d'ORBIGNY), Mortoniceras (Subschloenbachia) 
perinflatum SPATH, M. (S.) quadratum SPATH, 
Anisoceras exoticum SPATH, A. perarmatum 
PICTET et CAMPICHE, A. pseudoelegans PICTET et 
CAMPICHE, A. campichei SPATH, Idiohamites dor-
setensis SPATH, Lechites gaudini (PICTET et 
CAMPICHE), Mariella (Mariella) bergeri (BRON-
GNIART), M. (M.) miliaris (PICTET et CAMPICHE), M. 
(M.) taeniata (PICTET et CAMPICHE), M. (M.) 
nobilis (JUKES-BROWNE), Turrilitoides hugardianus 
(d'ORBIGNY), T. intermedius (PICTET et CAMPICHE), 
Ostlingoceras puzosianum (d'ORBIGNY), Pseud-
helicoceras elegans (d'ORBIGNY), Scaphites 
hugardianus d'ORBIGNY and Sc. meriani PICTET et 
CAMPICHE. In the existing geological scale this 
association is characteristic of the Stoliczkaia 
dispar Zone auct.. 

RENEVIER (1868) equated the upper Vracon-
nian with the base of the Cenomanian because 
of two mistakes. The first is the citation by 
d'ORBIGNY (1850) of "Ammonites renauxianus" 
in the list of the characteristic species of his 
Cenomanian stage. But it is now known that 
this species does not to go up to the Ceno-
manian. The second is the collection of "Pecten 
asper" at the La Vraconne site, the species then 
being considered as characteristic of the 
Cenomanian. In 1975, DHONDT specified the 
vertical range of Mercklinia aspera (LAMARCK): 
the taxon appears in the upper part of the 
Upper Albian in the Stoliczkaia dispar Zone of 
southern England and in the Swiss Jura (that is, 
in the Vraconnian) and persists into the Upper 
Cenomanian, well within the Metoicoceras gesli-
nianum Zone ("Plenus Marls") of the Anglo-
Paris basin (Fig. 1). 

To conclude, the interpretation of "Vracon-
nian" closest to the historic concept of RENEVIER 
(1868) is its identification with the current 
Stoliczkaia dispar Zone auct.. This accords with 
the opinion of BREISTROFFER (1940a), the first to 
discuss in detail the boundaries the Vraconnian 
and its zonation by ammonites. This concept of 
a Vraconnian = S. dispar Zone has been used 
by the international geological community for 
more than a half-century, in particular by 
BREISTROFFER (1940a, 1947), SORNAY (1957), P. 
& J.-P. DESTOMBES (1965), COLLIGNON (1965a, 
1965b), RENZ & LUTERBACHER (1965), RENZ 
(1968), LUPU (1978), RENZ & JUNG (1978), COLLI-
GNON et alii (1979), SCHOLZ (1979), BRÉHÉRET 
(1997), MEMMI (1999), FERRY (1999), ... In this 
contribution too, the Vraconnian as a chrono-
stratigraphic unit is so understood. 

Vraconnian or Vraconian? 

The spelling of the term varies with the 
authors. Vraconnian for some, Vraconian for 
others. RENEVIER (1868), the author of the term, 
is very clear on this matter. It has two N's both 
in the text (p. 479) and in the table recapi-
tulating the subdivisions of the "Cretaceous 
System" (p. 478). 

The change in spelling is due to BREISTROFFER 
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(1940a) who developed the following argument: 
"Although the original spelling is Vraconnian, 
we think it more correct, however, to write 
Vraconian, the double n before the mute e of La 
Vraconne having no reason to be before the ian 
ending". This remark is correct from a linguistic 
point of view. However, there is no rule in the 
international stratigraphic guide (HEDBERG, 
1976) that allows a subsequent change in the 
spelling of a chronostratigraphic subdivision. 
The only valid form of the name is "Vraconnian" 
in accord with RENEVIER's original formulation 
(1868). This is COLLIGNON's opinion too, for he 
considers the spelling Vraconian (only one n) 
incorrect, "since the type of this subdivision is 
at La Vraconne". 

A final remark about the paragraph cited 
between quotation marks by BREISTROFFER 
(1940a, p. 12) as being the original definition of 
the Vraconnian by RENEVIER. A reading of 
volume 9 of the "Bulletin de la Société Vaudoise 
des Sciences naturelles" published in March 
1868 (not December 1867 as indicated by 
BREISTROFFER) shows that BREISTROFFER's text is a 
chimera. In reality it consists of the joining of 

portions of the phrases of RENEVIER's text taken 
from pages 474 and 478 about the definition of 
the "Faune vraconnienne", whereas l'étage Vra-
connien is created only on p. 479 according to 
the listing repeated in extenso at the beginning 
of the chapter. 

Chapter 3. The "Vraconnian 
fauna" and the ammonite 

zonation of the Vraconnian 

Because the Vraconnian was defined on 
account of the special character and diagnostic 
value of its ammonite fauna, particular 
attention is paid this paleontologic group. 
Present day knowledge of Vraconnian ammonite 
faunas is the result of a multitude of studies, 
mostly in Europe. The most significant of them 
are those of SPATH (1923-1943), BREISTROFFER 
(1936, 1940a, 1940b, 1946, 1947), RENZ & 
LUTERBACHER (1965), RENZ (1968), KENNEDY 
(1970), SCHOLZ (1973, 1979), OWEN (1976, 
1984, 1996a, 1999), COOPER & KENNEDY (1977, 
1979, 1987), DELANOY & LATIL (1988), AMÉDRO 
(1992), WRIGHT & KENNEDY (1994), KENNEDY & 

 

Figure 2: Geographic location of localities in the Swiss Jura and 
southeastern France cited in the text. 

DELAMETTE (1994), LATIL (1994b), GALE 
et alii (1996), DELAMETTE et alii (1997) 
and KENNEDY et alii (1998). The 
geographic locations of the strata in 
the Swiss Jura and in southeastern 
France cited in the following text are 
indicated in Figure 2. 

3.1. Characteristics of the 
Vraconnian fauna 

Taken as a whole the Vraconnian 
ammonite fauna has four principal 
characteristics. 

i- Great numbers and an 
abundance of populations 

In many localities Vraconnian 
strata include very rich populations, 
often much more abundant than 
those of the Albian sensu stricto. For 
example, such is the case in the 
historic stratotype of La Vraconne 
where RENZ & LUTERBACHER (1965) 
collected 1280 specimens in only 2 
meters of a road cut. Elsewhere, in 
the Gard, in France, the FARAUD 
collection obtained at Salazac also 
contains several thousand individuals 
(BREISTROFFER, 1940a). 

Both cases concern condensed 
levels and an objection might be 
raised that the extremely fossiliferous 
nature of these deposits is an artifact 
caused by the condensation itself. 
However, the same situation exists 
where sediments are very thick, as in 
the more than 400 meters of silt beds 
under the nuclear plant at Marcoule in 
the Gard of France. 
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Figure 3: Comparison of ammonite zonations for the Vraconnian of northwestern Europe (the only region of the 
world having been studied in detail) after 1923. 

There, the abundance of material is so 
important that, a rare happening, correlation 
between the three wells that traversed the 
entire Vraconnian and the Cenomanian contact 
was made using ammonites disengaged from 
the cores (ROBASZYNSKI & AMÉDRO, 1996a, 
1996b). Ammonites are also very numerous in 
the Vraconnian portion of the "Marnes bleues" 
[Blue Marls] of the Vocontian trough in south-
eastern France (BRÉHÉRET, 1997; GALE et alii, 
1996), in the Diégo-Suarez sediments of Mada-
gascar (COLLIGNON et alii, 1979), in the argil-
laceous silts of northern California (MURPHY & 
RODDA, 1996), ... 

ii - A great diversity of species 

An exhaustive inventory of the species iden-
tified in northwestern Europe results in a count 
of at least 127 species of ammonites in the 
three bioznes of the Vraconnian, and 345 in the 
fifteen zones recognized in the remainder of the 
Albian s.s.. A comparison of the degrees of 
diversity shows that overall the Vraconnian 
ammonite zones have 75 % more species than 
those of the Albian s.s.. 

iii - A great proportion of heteromorphs 

In the Albian s.s. heteromorphs constitute 
on average 2 to 7 % of the successive popula-
tions (AMÉDRO, 1980). So their presence 
remains modest. On the other hand, starting at 
the base of the Vraconnian they suddenly 
proliferate and at La Vraconne comprise 60 % 
of the specimens collected (RENZ, 1968) with a 
profusion of Hamites, Idiohamites, Anisoceras, 
Lechites, Turrilitoides, Mariella and Ostlingo-
ceras. This is indicative of an important ecologic 
and/or biologic event. 

iv - A dispersion of species of a Tethyan 
type 

In the Cretaceous, three realms are 
recognized: Boreal, Tethyan and south-tempe-
rate, each defined by a specific fauna (KAUFF-
MAN, 1973; OWEN, 1973, 1999). Migration of 
ammonites from one realm to another is in 
general rare, and in the majority of cases is 
caused by post-mortem transfer of empty shells 
in ocean currents. However, in certain cases a 
momentary rise in sea level on a eustatic scale 
may cause a migratory flux. That is what is 
seen in the Vraconnian with a dispersion of 
Tethyan faunas to both the south-temperate 
realm (COLLIGNON, 1963) and toward the Boreal 
realm (SPATH, 1923-1943; BREISTROFFER, 1940b; 
RENZ, 1968). For example, in the Anglo-Paris 
basin, the Vraconnian fauna includes a certain 
number of Tethyan ammonites referred to the 
genera Phylloceras, Pictetia, Tetragonites, Ana-
gaudryceras, Puzosia and Desmoceras. At La 
Vraconne, in the Swiss Jura, these ammonites 
make up nearly 4% of the population (RENZ, 
1968). 

3.2. Zonation of the Vraconnian 
The zonation of the Vraconnian by ammo-

nites in use today is the result of a progressive 
construction, summarized in Figure 3. The idea 
of cutting the uppermost Albian into two parts 
("Vraconnian" = Stoliczkaia dispar Zone auct.), 
was already formulated by SPATH in 1923 but 
the true demonstration of the existence of at 
least two separate divisions is due to the works 
of BREISTROFFER (1936, 1940a, 1947) on the tho-
roughly studied deposits of southeastern France 
(Fig. 2). This figure distinguishes: 
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• a lower unit, exposed remarkably well in 
the Salazac section in the Gard, 
characterized by several significant species 
such as (the determinations listed are 
brought up to date by taking into account 
the recent systematic revisions of KLINGER & 
KENNEDY, 1978; SCHOLZ, 1979; COOPER & 
KENNEDY, 1979, and WRIGHT & KENNEDY, 
1999): Neophlycticeras (Neophlyticeras) 
blancheti (PICTET et CAMPICHE), Mortoniceras 
(Mortoniceras) fallax (BREISTROFFER), Mariella 
gresslyi (PICTET et CAMPICHE) and Turrili-
toides hugardianus (d'ORBIGNY);  

• an upper division well represented by the 
Fauge deposit in the Isère, with Stoliczkaia 
(Stoliczkaia) dispar (d'ORBIGNY), Morto-
niceras (Subschloenbachia) perinflatum 
(SPATH) and Mariella bergeri (BRONGNIART).  

Most inexplicably, OWEN (1976) did not 
consider Neophlyticeras (N.) blancheti as 
sufficiently typical and substituted Mortoniceras 
rostratum (SOWERBY) to characterize the lower 
unit of the Vraconnian. But this is an 
unfortunate choice because for one thing the 
holotype of M. rostratum comes from a 
condensed level of the Upper Greensand in 
southern England where several associations 
are mixed together, and for another thing the 
species is defined very poorly. According to 
COOPER & KENNEDY (1979) it would appear to be 
a representative of the subgenus "Mortoniceras 
(Durnovarites)" SPATH, 1932. Furthermore, in 
accordance with the convergent views of SCHOLZ 
(1979) and KENNEDY et alii (1998) this subgenus 
is now considered a junior synonym of the 
subgenus Mortoniceras (Subschloenbachia) 
SPATH, 1921. All of the well-located collections 
of Mortoniceras (Subschloenbachia) are confi-
ned to the upper part (but not terminal) of the 
Vraconnian. For that reason Mortoniceras 
rostratum cannot be an index of the lower unit 
of the Vraconnian (BREISTROFFER, 1940a, 1947; 
SCHOLZ, 1979; LATIL, 1994b). 

More recently, after the "Second 
International Symposium on Cretaceous Stage 
Boundaries" held in Brussels in 1995 (TRÖGER & 
KENNEDY, 1996), the existence of a third division 
located at the upper boundary of the Vra-
connian, immediately below the Albian-
Cenomanian boundary has been admitted. In 
the North-European province of the Boreal 
realm it is characterized by the presence of 
Arrhaphoceras (Praeschloenbachia) briacensis 
(SCHOLZ, 1973). Although the species was 
described as far back as 1973 by SCHOLZ at 
Briac near Saint-Martin-en-Vercors (Drôme), 
then by DELANOY & LATIL (1988) at Pont-de-Peille 
(Alpes maritimes) - two outcrops in 
southeastern France (Fig. 2) - the unique 
cachet of the ammonite fauna of this interval, 

distinguished by the presence of A. (P.) bria-
censis and Stoliczkaia (Laymnayella) tetragona 
NEUMAYR, but also by the disappearance of S. 
(S.) dispar and all the Mortoniceras (Sub-
schloenbachia) and Cantabrigites, was not 
taken into account by the international scientific 
community until the work by GALE et alii on the 
"Marnes bleues" [Blue Marls] of Mont-Risou in 
the Vocontian trough (Drôme). 

Taking into consideration all current 
knowledge, the zonation of the Vraconnian by 
its ammonites is as follows, from bottom to top. 

"Lower" Vraconnian 

Mortoniceras (Mortoniceras) fallax Interval 
Zone 

- Definition. Interval between the 
appearance of M. (M.) fallax BREISTROFFER and 
the appearance of M. (schloenbachia) perin-
flatum (SPATH). 

- Remarks. The characteristic species of 
Mortoniceras: M. (M.) fallax, M. (M.) pachys 
(SEELEY have three tubercules on either side 
with a lateral tubercule that is always well-
marked. Certain individuals start to double the 
ventro-lateral tubercule. 

Other ammonites too are typical of the M. 
(M.) fallax Zone: Mortoniceras (Mortoniceras) 
nanum SPATH, Neophlycticeras (Neophlycticeras) 
blancheti (PICTET et CAMPICHE), N. (N.) 
sexangulatum (SEELEY), Stoliczkaia (Stoliczkaia) 
notha (SEELEY), Salaziceras salazacense (HÉBERT 
& MUNIER-CHALMAS), Turrilitoides hugardianus 
(d'ORBIGNY), Mariella (Mariella) escheriana 
(PICTET), M. (M.) gresslyi (PICTET et CAMPICHE), 
M. (M.) nobilis (JUKES-BROWNE), M. (M.) 
cantabrigiensis (JUKES-BROWNE). And too, 
although their geographic distribution limited to 
northwestern Europe, a good number of species 
of the Hoplitidae appear at the base of the 
interval. However, these species range into the 
upper zone marked by M. (S.) perinflatum, 
Callihoplites pulcher SPATH, C. seeleyi SPATH, C. 
vraconensis (PICTET et CAMPICHE), Lepthoplites 
cantabrigiensis SPATH, Pleurohoplites (P.) 
renauxianus (d'ORBIGNY), P. (Arrhaphoceras) 
substuderi (SPATH), Hyphoplites (Discohoplites) 
valbonnensis (HÉBERT et MUNIER-CHALMAS), ... 

- Geographic distribution. France 
(BREISTROFFER, 1940a; DESTOMBES, 1958; AMÉDRO, 
1992), Belgium (MARLIÈRE, 1942, 1965), U.K. 
(SPATH, 1943; OWEN, 1976), Switzerland (RENZ, 
1968), Hungary (SCHOLZ, 1979), Crimea 
(MARCINOWSKI & NAIDIN, 1976), Ukraine, 
Turkmenistan (ATABEKIAN, 1985, 1992), Sardinia 
(WIEDMANN & DIENI, 1968), Madagascar (BOULE 
et alii, 1906-1907; COLLIGNON, 1963), Texas 
(CLARK, 1965), ... 
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Figure 4: Vertical distribution of some significant Vraconnian ammonites in the reference sections of northwestern 
Europe and, just below the zonation in current use, the proposal of an alternative zonation based on the evolution of 
the Stoliczkaiinae. Data for the several sections are taken from the following works: La Vraconne (RENZ & 
LUTERBACHER, 1965; RENZ & JUNG, 1978), Cambridge (EDMONDS & DINHAM, 1965), Salazac (LATIL, 1994b), La Fauge-
Briac (BREISTROFFER, 1936; SCHOLZ, 1973), Pont-de-Peille (DELANOY & LATIL, 1988), Risou (GALE et alii, 1996). Note 
that the phosphatic nodules of the Cambridge Greensand, although having yielded numerous type species of ammo-
nites, are in fact reworked in a glauconitic matrix of Cenomanian age (HART, 1973a). From another side, the ammo-
nite collections there reveal a condensation of the M. (M.) fallax and M. (S.) perinflatum zones with an enormous 
predominance of species reworked from the "lower" Vraconnian, and a small proportion of species from the "upper" 
Vraconnian (BREISTROFFER, 1947). The lower boundary of the Cenomanian stage recommended at the time of the "Se-
cond International Symposium on Cretaceous Stage Boundaries" (TRÖGER & KENNEDY, 1996) is taken at the first ap-
pearance of the planktonic foraminifer Rotalipora globotruncanoides (= R. brotzeni). As a consequence the Vracon-
nian-Cenomanian boundary is shifted slightly lower with respect to the previous divisions based on ammonites. 
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"Upper" Vraconnian 

Mortoniceras (Subschloenbachia) perinflatum 
Total Range Zone 

- Definition. The interval is defined by the 
total range of M. (S.) perinflatum (SPATH). 

- Remarks. The base of the zone is marked 
by the appearance of Mortoniceras with 4 
tubercles per side that are regrouped in the 
subgenus Subschloenbachia. In addition to the 
index fossil, other ammonites are restricted to 
the M. (S.) perinflatum Zone: M. (S.) rostratum 
(SOWERBY), M. (S.) subquadratum SPATH and, 
among the Lyelliceratidae, Stoliczkaia (Sto-
liczkaia) dispar (d'ORBIGNY). Some other taxa 
appear at the base of the zone too, but 
continue into the next zone named Arrha-
phoceras (Praeschloenbachia) briacensis IZ: 
Stoliczkaia (Stoliczkaia) clavigera NEUMAYR, 
Stoliczkaia (Shumarinaia) africana PERVINQUIÈRE, 
Mariella (Mariella) bergeri (BRONGNIART) and 
Ostlingoceras puzosianum (d'ORBIGNY). 

- Geographic distribution. France 
(BREISTROFFER, 1940a, 1947; AMÉDRO, 1985; GALE 
et alii, 1996; AMÉDRO & ROBASZYNSKI, 1998), U.K. 
(SPATH, 1943; KENNEDY, 1970; OWEN, 1976, 
1996b), Germany (OWEN, 1989), Switzerland 
(RENZ, 1968), Rumania (CHIRIAC, 1981), 
Hungary (SCHOLZ, 1979), Turkmenistan (ATA-
BEKIAN, 1985, 1992), Crimea (MARCINOWSKI & 
NAIDIN, 1976), Sardinia (WIEDMANN & DIENI, 
1968), Tunisia (PERVINQUIÈRE, 1907), Angola 
(SPATH, 1922; COLLIGNON, 1978a; COOPER & 
KENNEDY, 1979), Nigeria (REYMENT, 1955), South 
Africa (SPATH, 1921), India (STOLICZKA, 1865), 
Madagascar (COLLIGNON, 1963), Texas (YOUNG, 
1957), California (MURPHY & RODDA, 1996), ... 

Arrhaphoceras (Praeschloenbachia) bria-
censis Interval Zone 

- Definition. The interval between the 
disappearance of Mortoniceras (Subschloen-
bachia) perinflatum and the appearance of the 
first Cenomanian Mantelliceras. 

- Remarks. The stages are defined by their 
lower boundary. The "Second International 
Symposium on Cretaceous Stage Boundaries", 
held in Brussels in 1995, retained the appea-
rance of the planktonic foraminifer Rotalipora 
globotruncanoides SIGAL (= R. brotzeni (SIGAL)) 
as the marker of the base of the Cenomanian 
stage. This occurs in the uppermost portion of 
the A. (P.) briacensis ammonite Zone so its final 
terms are thus Cenomanian (TRÖGER & KENNEDY, 
1996). 

From another point of view the geographic 
distribution of A. (P.) briacensis limits its use as 
an index to the North-European Province of the 
Boreal realm of KAUFFMAN (1973), equivalent to 
the faunal province of OWEN's Hoplitinae (1973). 
When the distribution of ammonites in the 
interval concerned becomes better known, it 
will then be desirable to replace A. (P.) 

briacensis as a zonal index fossil by a more 
cosmopolitan species. In the current state of 
knowledge the species Stoliczkaia (Lamnayella) 
tetragona NEUMAYR appears to be restricted to 
the interval under consideration, but it is a rare 
taxon, known only in southeastern France 
(DELANOY & LATIL, 1988), India (STOLICZKA, 1865) 
and Japan (MATSUMOTO & INOMA, 1975). The 
remainder of the fauna is already present in the 
preceding zone with Stoliczkaia (Stoliczkaia) 
clavigera, S. (Shumarinaia) africana, Mariella 
(Mariella) bergeri, Ostlingoceras puzosianum 
and Lechites gaudini. An equally important 
indication, although negative, is the absence of 
Mortoniceras and Cantabrigites, that disappear 
at the upper limit of the M. (S.) perinflatum 
Zone. 

- Geographic Distribution. Southeastern 
France (SCHOLZ, 1973; DELANOY & LATIL, 1988; 
GALE et alii, 1996; ROBASZYNSKI & AMÉDRO, 
1996b); Germany (OWEN, 1999); central Tunisia 
(ROBASZYNSKI et alii, 2007). 

Note that the division of the Vraconnian into 
"lower" Vraconnian, equivalent to the M. (M.) 
fallax ammonite Zone and "upper" Vraconnian, 
uniting the M. (S.) perinflatum and A. (P.) 
briacensis zones has not been made the subject 
of an international decision, but is simply a 
convenience in that numerous cosmopolitan 
species, long considered to be characteristic of 
the M. (S.) perinflatum Zone continue into the 
A. (P.) briacensis Zone: S. (Stoliczkaia) clavi-
gera, S. (Shumarinaia) africana, M. (Mariella) 
bergeri and O. puzosianum. 

Eventually, in some future time the existing 
zonation based on the evolution of cosmo-
politan Mortoniceras and then on a Hoplitidae of 
limited geographic distribution may be replaced 
by the equally cosmopolitan Stoliczkaiinae 
phyletic line using the succession Neo-
phlycticeras (Neophlycticeras) blancheti, 
Stoliczkaia (Stoliczkaia) dispar, Stoliczkaia 
(Lamnayella) tetragona or S. (Shumarinaia) 
africana as HOEDEMAEKER & RAWSON (2000) have 
just suggested too. 

Figure 4 summarizes the vertical distribution 
of the most significant ammonites in the refe-
rence sections of northwestern Europe that are 
cited in the text. 

Chapter 4. The Vraconnian in 
some representative areas 

4.1. The Vraconnian at the Type Locality: 
La Vraconne (Swiss Jura)  

As the Vraconnian was defined in the Swiss 
Jura, it is fitting that this study begin with the 
type locality. The La Vraconne site is located in 
southwestern Switzerland near the French 
border in the Vaud canton (Fig. 2). Current 
knowledge regarding it is due to work by PICTET 
& CAMPICHE (1858-1864), JACCARD (1869), RENZ 
& LUTERBACHER (1965), RENZ (1968) and RENZ & 
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JUNG (1978). The lithologic succession summa-
rized in Figure 5 shows that here the Vra-
connian is very condensed and only 2 meters 
thick as compared with the 36 meters of the 
Albian s.s. From bottom to top, starting with 
the upper half of the Albian, the succession is 
as follows. 

Albian pars 

"Sandy Albian" (20 m) glauconitic sandstone 
with very little macrofauna; 

"Sandy Albian with small oysters" (2 m): 
glauconitic sandstone filled with small oysters. 

Vraconnian 

(2 m): glauconitic sandstone with small 
oysters and an abundant macrofauna (more 
than 125 species of ammonites). The middle of 
the unit includes a bed of angular pebbles 
("boulder bed") in an indurated brown lime-
stone ranging in thickness from a few centi-
meters to several decimeters. The only fossil in 
this bed is Ostrea vesiculosa (SOWERBY). The 
bed is important in that it serves as a marker in 
the Vraconnian glauconitic sandstones. 

Figure 5: The Vraconnian at the type locality, La Vraconne (Swiss Jura). The contraction of the succession (here the 
Vraconnian is but 2 m thick) explains in large measure the richness of the deposit in ammonites that have furnished 
several thousands of specimens distributed among 125 species. 

The description of the material by PICTET & CAMPICHE (1858-1864) is at the origin of the deposit's renown. 

According to RENZ & JUNG (1978) that part of 
the Vraconnian sandstones lying under the 
"boulder bed" contains an association typical of 
the M. (M.) fallax Zone with 56 species of 
ammonites, among them: Neophlycticeras 
(Neophlycticeras) blancheti (PICTET et CAMPICHE), 
Cantabrigites cantabrigense (SPATH), C. sub-
simplex (SPATH), C. minor (SPATH), C. picteti 
(RENZ), Turrilitoides hugardianus (d'ORBIGNY), 
Mariella (Mariella) gresslyi (PICTET et CAMPICHE), 
M. (M.) nobilis (JUKES-BROWNE), M. (M.) canta-
brigiensis (JUKES-BROWNE), Hyphoplites (Disco-

hoplites) subfalcatus (SEMENOW), Pleurohoplites 
(Arrhaphoceras) substuderi (SPATH), Lechites 
gaudini (PICTET et CAMPICHE), Anisoceras perar-
matum (PICTET et CAMPICHE), ... All of these 
ammonites are preserved as internal molds. 

That part of the Vraconnian sandstones lying 
above the "boulder bed" contains a fauna of the 
M. (S.) perinflatum Zone that is much richer 
than the preceding one with at least 88 species 
of ammonite including: Stoliczkaia (Stoliczkaia) 
dispar (d'ORBIGNY), S. (S.) clavigera NEUMAYR, S. 
(Shumarinaia) africana PERVINQUIÈRE, Mortoni-
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ceras (Subschloenbachia) perinflatum (SPATH), 
M. (S.) rostratum (SOWERBY), M. (S.) subqua-
dratum (SPATH), Cantabrigites helveticum 
(RENZ), Hyphoplites (Hyphoplites) campichei 
SPATH, Pleurohoplites (Arrhaphoceras) studeri 
(PICTET et CAMPICHE), Lepthoplites seeleyi SPATH, 
Callihoplites tetragonus (SEELEY), Pleurohoplites 
(Pleurohoplites) renauxianus (d'ORBIGNY), Hami-
tes (Stomohamites) virgulatus BRONGNIART, H. 
(S.) duplicatus (PICTET et CAMPICHE), Anisoceras 
perarmatum (PICTET et CAMPICHE), A. saus-
sureanum (PICTET), Lechites gaudini (PICTET et 
CAMPICHE), Mariella (Mariella) bergeri (BRON-
GNIART), M. (M.) miliaris (PICTET et CAMPICHE), 
Ostlingoceras puzosianum (d'ORBIGNY), ... 

Cenomanian 

Yellowish and reddish limestone with Rosa-
lines. 

The main reason for continued interest in 
the La Vraconne site is historic, for it is the type 
section described in 1868 by RENEVIER. But it 
has more value in that it brings out the 
distinctive character of the Vraconnian ammo-
nite fauna with its rich, diversified populations, 
a strong proportion of heteromorphs and the 
appearance of many new genera and 
subgenera. Lepthoplites, Pleurohoplites (Pleuro-
hoplites), P. (Arrhaphoceras), Hyphoplites 
(Discohoplites), H. (Hyphoplites), Cantabrigites, 
Mortoniceras (Subschloenbachia), Stoliczkaia 
(Stoliczkaia), S. (Shumarinaia), Salaziceras, Le-
chites, Turrilitoides, Mariella, Ostlingoceras, ... 
Although the succession is condensed, the La 
Vraconne section is still very interesting today.  

 

 

 

Figure 6: The major domains of 
sedimentation of southeastern 
France during the Vraconnian 
after MÉDIONI, 1984; BRÉHÉRET, 
1997, and FERRY, 1999. The 
central portion of the basin, in a 
pelagic facies, is the site of 
deposition of the "Marnes bleues" 
[Blue Marls] and constitutes the 
Vocontian trough. The shallow 
peripheral domains are 
glauconitic sands. Between the 
two are hemipelagic facies, 
mainly sandy marls. The sections 
studied at Salazac, Marcoule and 
Mont-Risou are distributed 
geographically in these three 
sedimentary domains. 

 
 



Carnets de Géologie / Notebooks on Geology - Memoir 2008/02 (CG2008_M02) 

13 

4.2. The Vraconnian of the Salazac locality 
(Gard, France)  

Figure 6 shows the basin of southeastern 
France and the Rhone valley situated 
paleogeographically at the northern margin of 
the Tethys. In its central portion, the name 
"Vocontian trough" designates the pelagic 
domain developed during the Early Cretaceous 
in which a thick formation of "Marnes bleues" 
[Blue Marls] was deposited. The shallow peri-
pheral domains around it are glauconitic sands. 
Between the two are hemi-pelagic facies, 
consisting predominantly of sandy marls. 

Three sections very different from one 
another but complementary for they belong to 
three different sedimentary domains are located 
at Salazac and Marcoule in the Gard, and in the 
vicinity of Mount Risou in the Drôme thus pro-
viding interesting views of the Vraconnian, The 
location of the sections is shown on Figure 2. 

The celebrity of the Salazac locality stems 
from the richness of its ammonite fauna of the 
"lower" Vraconnian preserved in the form of 
phosphatized internal molds in a 0.50 m to 1 m 
bed of coarse-grained glauconitic sandstone. 
Today, the Vraconnian of Salazac is well known 
thanks to the publications of HÉBERT & TOUCAS 
(1875), HÉBERT & MUNIER-CHALMAS (1875), TOU-
CAS (1876), JACOB (1907), BREISTROFFER (1936, 
1940a, 1940b), LATIL (1989, 1994b) and FERRY 
(1996a, 1996b, 1998, 1999). In this list the 
most important are BREISTROFFER (1940a) as 
regards the inventory of ammonite faunas and 
FERRY (1996a, 1996b, 1998) in so far as the 
structure and sedimentologic interpretation of 
the deposits are concerned. The succession is 
predominantly sandy and an important dis-
continuity separates the Gargasian formations 
(Middle Aptian) from the first levels dated 
Albian. From bottom to top the succession is as 
follows (Fig. 7). 

Middle Albian 

0.50 m to 2 m: a bed of very fossiliferous 
phosphatic nodules in a marly glauconitic 
sandstone with Hoplites (Hoplites) benettianus 
(SOWERBY), Oxytropidoceras sp., Douvilleiceras 
sp., Lyelliceras lyelli (d'ORBIGNY), L. versi-
costatum (MICHELIN), ... This association is 
indicative of the base of the Middle Albian and 
more specifically of the H. (H.) benettianus IZ 
of AMÉDRO (1992), an equivalent of the L. lyelli 
Subzone of P. & J.-P. DESTOMBES (1965) and of 
OWEN (1971). 

Upper Albian sensu stricto 

10 m to 50 m: yellow, cross-bedded 
sandstones. Here and there in the upper part 
some sandy concretions. The Hysteroceras 
bucklandi SPATH identified by BREISTROFFER 
(1940a) probably came from one of them. This 
ammonite dates a high level of the Upper Albian 
s.s. and more exactly the Mortoniceras 

(Mortoniceras) inflatum IZ, that may imply an 
important discontinuity with the underlying 
stratum and the absence of the upper levels of 
the Middle Albian and of the base of the Upper 
Albian s.s.. 

Vraconnian 

0.50 m to 2.50 m: coarse glauconitic sand 
with quartz pebbles, in part green, but more 
often weathed yellow, with many phosphatic 
nodules at the base that yielded a rich 
macrofauna especially Pectenids with Merklinia 
aspera (LAMARCK) and ammonites. This is the 
Salazac level auct. from which BREISTROFFER 
(1936, 1940a, 1940b) defined a lower 
Vraconnian with Mortoniceras (Mortoniceras) 
fallax (BREISTROFFER) and Stoliczkaia (Farau-
diella) gardonica (HÉBERT et MUNIER-CHALMAS), 
which, according to WRIGHT & KENNEDY (1994) is 
in reality a junior synonym of Neophlycticeras 
(Neophlycticeras) blancheti (PICTET et CAMPICHE). 
The list of ammonites now identified in this unit 
includes: Phylloceras subalpinum (d'ORBIGNY), P. 
seresitense PERVINQUIÈRE, Tetragonites kiliani 
JACOB, T. timotheanus (PICTET), T. jurinianus 
(PICTET), Kossmatella munlenbecki (FALLOT), 
Gaudryceras bourritianum (PICTET), Desmoceras 
latidorsatum (MICHELIN), Puzosia mayoriana 
(d'ORBIGNY), Anahoplites planus (MANTELL), 
Callihoplites tetragonus (SEELEY), C. glossonotus 
(SEELEY), C. acanthonotus (SEELEY), C. robustus 
SPATH, C. cratus (SEELEY), C. leptus (SEELEY), C. 
pulcher SPATH, C. senilis SPATH, Lepthoplites 
falcoides SPATH, L. cantabrigiensis SPATH, L. 
proximus SPATH, L. pseudoplanus SPATH, Pleuro-
hoplites (Arrhaphoceras) woodwardi (SEELEY), P. 
(A.) substuderi (SPATH), Hyphoplites (Disco-
hoplites) coelonotus (SEELEY), H. (D.) 
subfalcatus (SEMENOW), H. (D.) valbonnensis 
(HÉBERT et MUNIER-CHALMAS), H. (D.) anomalus 
SPATH, Neophlycticeras (Neophlycticeras) sexan-
gulatum (SEELEY), N. (N.) blancheti (PICTET et 
CAMPICHE), Stoliczkaia (Stoliczkaia) notha 
(SEELEY), Salaziceras salazacense (HÉBERT et 
MUNIER-CHALMAS), Engonoceras duboisi LATIL, 
Mortoniceras (Mortoniceras) fallax (BREISTROF-
FER), M. (M.) pachys (SEELEY), M. (M.) nanum 
SPATH, Cantabrigites cantabrigensis SPATH, C. 
subsimplex SPATH, C. picteti RENZ, C. minor 
SPATH, Scaphites hugardianus d'ORBIGNY, 
Mariella (Mariella) nobilis (JUKES-BROWNE), M. 
(M.) escheriana (PICTET), M. (M.) gresslyi (PICTET 
et CAMPICHE), M. (M.) cantabrigiensis (JUKES-
BROWNE), Turrilitoides hugardianus (d'ORBIGNY), 
T. toucasi (HÉBERT et MUNIER-CHALMAS), Pseud-
helicoceras sp., Anisoceras saussureanum 
(PICTET), A. pseudoelegans (PICTET et CAMPICHE), 
Hamites virgulatus (BRONGNIART), Lechites 
gaudini (PICTET et CAMPICHE) and Hemipty-
choceras subgaultinum BREISTROFFER. In all, 
more than 50 species are recognized in the 
"lower" Vraconnian of Salazac and the list is 
certainly not exhaustive! 
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Figure 7: The Vraconnian at Salazac (southeastern France). Here the Vraconnian starts with a transgression: coarse 
glauconitic sandstone with rounded gravels and phosphatic nodules that are rich in the ammonites of the Morto-
niceras (M.) fallax Zone. This is the "niveau de Salazac auct.". Above is a thick series of sandy marls alternating with 
sandy, glauconitic "miches"* that is dated as the M. (Durnovarites) perinflatum Zone. The Vraconnian terminates 
with a regressive sequence with calcareous sandstones showing storm structures. 

The entire succession lies in a 3rd order eustatic cycle. Note that the alternating beds of sandy, glauconitic miches are 
much finer and more numerous than is indicated in the lithologic column. This is due to a rough cyclicity which may 
have an orbital origin (MILANKOVICH cycles, 1920) and involve the precession of the equinoxes (cycles of 20-22,000 
years). 

*miches: sandstone beds weathered to form recognizable large ovoid masses in a normally bedded succession (mi-
ches = rounded loaves). 
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25 m to 40 m: alternations of grey sandy 
marls and large rounded agglomerations ("mi-
ches") of glauconitic calcareous sandstone 
which in the basal 5 meters occasionally contain 
ammonites including Puzosia mayoriana, Engo-
noceras cf. saadense (THOMAS et PÉRON), 
Mortoniceras (Subschloenbachia) perinflatum 
(SOWERBY), Stoliczkaia (Stoliczkaia) dispar 
(d'ORBIGNY) and Mariella (Mariella) bergeri 
(BRONGNIART), a typical association with M. (S.) 
perinflatum of the "upper" Vraconnian. 

3 m to 5 m: massive beds of calcareous 
sandstone with storm structures. According to 
BREISTROFFER (1940a) at the base of this level 
FARAUD collected the last of the Mortoniceras 
(Subschloenbachia) perinflatum. 

These calcareous sandstones and the red 
sandstones above them represent DUMAS's 
(1876) "Tavien" facies. That the Vraconnian-
Cenomanian boundary may be located a few 
meters below the lower limit of the Tavien 
facies is supported by a comparison with the 
Marcoule wells where the base of the Ceno-
manian has been located accurately 
(ROBASZYNSKI & AMÉDRO, 1996a) as described in 
the following chapter. 

Figure 7 illustrates schematically the litho-
logic succession and the vertical distribution of 
the more representative ammonites in the 
Vraconnian at Salazac. When examined, several 
comments seem appropriate. 

(i) The Vraconnian lithologic sequence is at 
least as thick as that of the Albian s.s. and is 
more than 30 m. 

(ii) The Vraconnian begins as a glauconitic 
transgressive level with beds of rounded 
pebbles and phosphatic nodules with many 
ammonites. This condensed sequence repre-
sents the "lower" Vraconnian with Mortoniceras 
(M.) fallax and Neophlycticeras (N.) blancheti. 

(iii) Above it, all of the sandy marls with 
glauconitic sandstone "miches" [sandstone beds 
weathered to form recognizable large ovoid 
masses in a normally bedded succession] are in 
one ammonite zone, here the M. (S.) 
perinflatum TRZ. 

(iv) Finally, the sandstones with storm 
structures that are the transition to the Tavien 
facies indicate the start of a regression. 

As a whole, in the Vraconnian the Salazac 
section represents a 3rd order eustatic cycle 
with relation to the concepts developed by VAIL 
et alii (1987) and by GRACIANSKY et alii (1998). 

4.3. The Vraconnian in the Marcoule Wells 
(Gard, France) 

The Vraconnian does not crop out at 
Marcoule but lies at a depth of 500 to 800 m 
below the Centre Nucléaire. Investigations 
carried out at this site were done by the 
National Agency for the Management of 

Radioactive Waste (ANDRA) in the search for a 
site for the establishment of a research 
laboratory and a center for the underground 
storage of nuclear waste. Three cored wells 
numbered MAR 203, MAR 402 and MAR 501 
penetrated several hundred meters of black 
silty beds, their age, very uncertain when work 
began, was considered probable Gargasian 
(MOUROUX & BRULHET, 1999). The finding in the 
cores of well MAR 203 of two ammonites, one 
Vraconnian, the other Cenomanian, made the 
previous dating doubtful for it was based on 
poorly preserved and not very characteristic 
microfossils (ROBASZYNSKI & AMÉDRO, 1996a). 
The systematic cutting open of the cores then 
undertaken found several dozen ammonites 
that indicate a Vraconnian age for most of the 
silt beds of Marcoule (ROBASZYNSKI & AMÉDRO, 
1996a, 1996b). 

4.3.1. The MAR 203 well 
Illustrated in Figure 8, the MAR 203 well has 

been the one most carefully studied in order to 
establish a reference section. The well 
encountered the Marcoule silt bed between 377 
and 781 meters, that is 406 meters, in which 
22 ammonites were identified, although often 
fragmentary. Using the descriptions furnished 
by FERRY (1996a, 1996b, 1998, 1999), RO-
BASZYNSKI & AMÉDRO (1996a, 1996b) and AMÉDRO 
& ROBASZYNSKI (1998), the lithologic succession, 
under the sandstones with orbitolinas of La 
Tave attributed to the Cenomanian, is as fol-
lows: 

Marcoule silty Shale Formation  
(Lower Cenomanian pars and Vraconnian 
pars) 

• Upper member: silty shales with sansdstone 
interbeds  

377 m - 484 m: thin alternations of 
bioturbated dark grey silty shales and light grey 
sandstone beds with more abundant glauconite 
grains. According to FERRY (1998, 1999) these 
alternations appear to be linked to orbital 
parameters (precession of equinoxes: cycles 
20,000 to 22,000 years). A certain number of 
laminated, glauconitic sandstone, decimetric 
storm beds are also present but decrease in 
number downward. Note also that a bed of fine-
grained, very glauconitic sandstone is present 
between 460.9m and 463.97m. It is filled by 
Taenidium-type bioturbations and contains 
numerous small phosphate nodules from 5 mm 
to 5 cm in diameter. The ammonites collected 
in this upper member are: Schloenbachia 
varians (SOWERBY) at 430.80 m; Hyphoplites 
(Hyphoplites) falcatus (MANTELL) at 455.85 m 
and Mariella cf. bergeri (BRONGNIART) at 467.25 
m. The first two taxons indicate an Early 
Cenomanian age, while M. cf. bergeri desi-
gnates the Vraconnian, so based on ammonites 
the Cenomanian-Vraconnian boundary is loca-
ted in the interval between 455.85 m and 
467.25 m. 
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Figure 8: Vertical distribution of the Vraconnian and Cenomanian ammonites collected from the cores of the ANDRA 
MAR 203 well at Marcoule in the Gard (Rhone valley). Using the outcrops at Salazac only 20 km away for 
comparison, the lower boundary of the Vraconnian is interpreted as being at 798 m at a phosphatic nodule level at 
the base of glauconitic sandstones and gravels, that is, at the bottom of the upper member of the Valbonne 
Formation. The Vraconnian-Cenomanian boundary is taken at 463.97 m, at the level of a second phosphatic nodule 
bed located in the upper member of the Silty Shales Formation of Marcoule, and is intercalated between the  
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• Middle member: grey argillaceous silts  

484 to 700 m: dark grey, silty shales, 
seemingly homogenous macroscopically, but 
close up they have a "cloudy" structure produ-
ced by an intense bioturbation. A rather sketchy 
cyclicity remains but it is difficult to locate on 
the cores using the naked eye and is much 
clearer on the electric logs (FERRY, 1998). 
Ammonites are abundant, at: 

487.17 m: Lechites gaudini (PICTET et 
CAMPICHE) and Hyphoplites (Discohoplites) 
valbonnensis (HEBERT et MUNIER-CHALMAS), 

494.0 m: H. (D.) valbonnensis, 

523.23 m: Hamites cf. virgulatus, 

523.38 m: Hyphoplites (Discohoplites) 
coelonotus (SEELEY), 

527.18 m: Hamites sp., 

528.03 m: Hyphoplites (Discohoplites) sp., 

561.54 m: Ostlingoceras puzosianum 
(d'ORBIGNY), 

581.20 m: H. (Discohoplites) coelonotus, 

581.80 m: Pleurohoplites (Pleurohoplites) 
renauxianus (d'ORBIGNY), 

636.25 m: Puzosia (Puzosia) sp., 

640.05 m: H. (Discohoplites) coelonotus, 

664.48 m: H. (D.) coelonotus, 

693.24 m: Lepthoplites sp. 

• Lower member: black shales  

700 m to 781 m: black laminated shales 
with some thin silty beds, anoxic (COT < 0.6% 
according to FERRY, 1999). Only a few 
ammonites localized near the base of the 
member, at: 

772.00 m: Idiohamites sp., 

774.80 m: Hamites sp. and Hyphoplites 
(Discohoplites) cf. coelonotus (SEELEY), 

776.75 m: H. (D.) coelonotus, 

779.85 m: Hamites sp. 

Valbonne Sandstones Formation  
(Vraconnian pars and Albian) 

• Upper member  

781 m to 798 m: sandy debris flows with 
cobbles of soft silty black shale (781 m to 787 
m), then coarse glauconitic sandstones with a 
gravel-like base that includes phosphate 
nodules. 

• Lower member  

798 m to 827 m: fine-to medium-grained, 
more or less argillaceous glauconitic sand-
stones, very strongly bioturbated, upper limit 
eroded by overlying sandstones. The base of 
the Valbonne Sandstone Formation lies on a 
bored surface of the marls and limestone of the 
Bedoulian (Lower Aptian). 

The most outstanding point in an 
examination of Figure 7 is the considerable 
thickness of the Vraconnian in well MAR 203. If 
only the interval in which Vraconnian ammo-
nites have been identified is included, its 
thickness is at least 312 m, which is still less 
than the true figure! ... 

From another point of view, the probability 
of finding ammonites in cores is generally 
slight. The collection of 22 specimens in well 
MAR 203 is an indication of the extraordinary 
abundance of ammonites in the Marcoule silts. 
In addition, it must be noted that the use of 
ammonites to determine the biostratigraphy of 
wells is very unusual and rare. 

The Marcoule wells are some twenty 
kilometers southeast of the Vraconnian out-
crops at Salazac. The comparison of surface 
data with those obtained from the cores makes 
it possible to approximate the boundaries of the 
Vraconnian in the wells, to determine with 
reasonable accuracy the limits of the ammonite 
zones and better to discern depositional se-
quences that help in an interpretation of 
eustatic history. Correlations between the 
Salazac section and the lithology of wells MAR 
402 and MAR 403 are shown in Figure 9. Well 
MAR 402 is 3 km northwest of MAR 403, toward 
Salazac. 

 

 

 

.../... 

uppermost collected specimen of a Vraconnian ammonite (at 467.25 m) and the first Cenomanian ammonite (at 
455.85 m). At the time of the "Second International Symposium on Cretaceous Stage Boundaries" in Brussels 1995 
the lower boundary of the Cenomanian was defined as the appearance of Rotalipara globotruncanoides and in fact is 
probably a few meters lower. In the absence of planktonic foraminifera, the Vraconnian-Cenomanian boundary is 
taken here to be at the appearance of an ammonite association consisting of Mantelliceras, Shloenbachia, 
Hyphoplites (Hyphoplites), Neostlingoceras, ... As the two events are very close to each other, with the appearance 
of R. globotruncanoides slightly earlier, the degree of precision obtained is quite sufficient in this study. In all, 22 
ammonites were collected in the Silty Shale Formation of Marcoule. The large proportion of Hoplitidae clearly 
attaches the Marcoule region to the Boreal realm during the Vraconnian, and in particular to the OWEN's Hoplitinae 
faunal province (1973) which includes nearly all of northwestern Europe. 
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Figure 9: Correlation of Marcoule wells MAR 203 and MAR 402 with the Salazac outcrop, 20 km to the northeast. 

In the Marcoule MAR wells, in the absence of the ammonites characteristic of the lower Vraconnian, a correlation of 
the level at Salazac with Mortoniceras (M.) fallax and Neophlycticeras (N.) blancheti in granular glauconitic sand-
stones (at the base with a bed of hard phosphatic nodules of the Valbonne Formation) with the black laminated 
shales of the lower member of the Marcoule Formation is substantiated by the sedimentologic context (FERRY,  
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4.3.2. The characteristics of the Vraconnian at 
Marcoule 

Lower boundary of the Vraconnian 

In the wells, no ammonite was found in the 
glauconitic sandstones of the Valbonne Forma-
tion. However, a comparison of well MAR 403 
(the best studied) with the Salazac outcrops 
shows that the base of the Vraconnian may be 
at the base of the glauconitic sandstone with 
gravel at 796.90 m. The interval between 
796.10 and 797.90 does indeed include many 
phosphatic nodules like those in that level at 
Sarazac and is in an identical location in the 
sequence, that is at the bottom of the coarse-
grained glauconitic sandstones. 

Upper boundary of the Vraconnian 

The lowest Cenomanian ammonite in well 
MAR 203, Hyphoplites (Hyphoplites) falcatus, 
was collected at 455.85 m. The highest Vracon-
nian ammonite identified is Mariella bergeri at 
467.25 m. So the Vraconnian-Cenomanian 
boundary is within the 11.40 m. that separate 
these two levels. 

A careful examination of the cores of MAR 
203 shows the presence between levels 460.80 
m and 463.97 m of a slightly glauconitic sand-
stone with many trace fossils of Taenidium 
type. In the lower 30 cm are a number of small 
phosphate nodules from 5 mm to 5 cm in 
diameter. A horizon rich in small phosphate 
nodules bounded by glauconitic layers exists in 
an equivalent position in well MAR 402 at 
1127.85 m (ROBASZYNSKI & AMÉDRO, 1996b). 

In the Boreal realm the transgressive levels 
of the basal Cenomanian are recognized as 
being in a very glauconitic facies that is often 
coarse-grained and includes numerous phos-
phatic nodules ("Tourtias" of northern France 
and Belgium, BARRROIS, 1878; AMÉDRO & 
ROBASZYNSKI, 1987). In the southern Tethys and 
especially in central Tunisia and in Algeria 
(ROBASZYNSKI et alii, 1994), the Vraconnian-
Cenomanian boundary is marked by small beds 
of phosphatic nodules that accompany the 
strong transgressive pulse of the Early Ceno-

manian. If a parallelism in lithology is accepted 
as an accompaniment of the events that 
involved both the northern and southern 
Tethys, then the existence of phosphate 
nodules in a context of dynamic sedimentation 
accompanied by glauconite and much bio-
turbation is a sure indication that the Vracon-
nian-Cenomanian boundary is at a depth of 
463.97 m in MAR 203 and at 1127.85 m in MAR 
402. 

Thickness of the Vraconnian 

Considering the boundaries discussed in the 
preceding paragraphs, the total thickness of the 
Vraconnian may be estimated as 334 m in well 
MAR 203 and 303 m in well MAR 402. In both 
cases that is a considerable record of sedi-
mentation. 

Distinctive characteristics of the 
ammonite fauna 

In all, 34 Vraconnian ammonites have been 
extracted from the cores of the Marcoule wells. 

The Hoplitidae are the most represented 
with 16 specimens, that is 47% of the 
population, including Lepthoplites ornatus 
SPATH, Lepthoplites sp., Callihoplites sp., Pleuro-
hoplites (Pleurohoplites) renauxianus 
(d'ORBIGNY), Arrhaphoceras (Praeschloenbachia) 
aff. briacensis (SCHOLZ), Hyphoplites (Disco-
hoplites) valbonnensis (HÉBERT et MUNIER-
CHALMAS) and H. (D.) coelonotus (SEELEY). 

The abundance of the Hoplitidae clearly 
places the Marcoule region in the Boreal realm 
during the Vraconnian and in particular in 
OWEN's (1973) Hoplitinae province that includes 
appreciably all of northwestern Europe. The rest 
of the association is more cosmopolitan and 
diversified with Puzosia (Puzosia) sp., 
Stoliczkaia (Stoliczkaia) dispar (d'ORBIGNY), and 
numerous heteromorphs (14 specimens, that is 
41% of the population) with Lechites gaudini 
(PICTET et CAMPICHE), Hamites sp., Idiohamites 
sp., Mariella bergeri (BRONGNIART) and Ostlin-
goceras puzosianum (d'ORBIGNY). 

 

 

 

.../... 

1999), by planktonic foraminifera of Vraconnian age (not high in the sequence in sample 775. 64-777.06 in MAR 
203) and by the sharing of a tsunamite level in wells MAR 402 and MAR 203. 

The most expanded portion of the succession in the wells is the middle member of the Marcoule silty shales. The 
majority of the ammonites collected from the well cores come from this unit. Their association permits the 
identification of the Mortoniceras (S.) perinflatum Zone. 

Above it, the upper member with its sandstone interbeds ends at the Vraconnian-Cenomanian boundary. The lower 
third of this member delivered ammonites of the Arrhaphoceras (P.) briacensis Zone, while the upper two-thirds, 
above a phosphatic level at the base of the Cenomanian, has an association of the Mantelliceras mantelli Zone. The 
abundance of Vraconnian ammonites at Marcoule serves only to emphasize their usual great rarety in wells. But the 
main interest of the well sections is the considerable thickness of the sedimentary record: in well MAR 203, the one 
with the most expanded succession, the Vraconnian attains 334 m. 
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Figure 10: Interpretation of sequence stratigraphy of the Vraconnian at Marcoule. The bottom level of glauconitic 
sandstone and gravels with a bed of phosphatic nodules in the lower part, the Valbonne Formation, and then the 
black laminated shales of the lower member of the Marcoule Formation are interpreted as a transgressive interval. 

Above, the grey, silty shales with abundant ammonites that form the middle member of the Marcoule Formation 
represent a Highstand Systems Tract, The glauconitic, cross-bedded sandstone beds under the phosphatic level at 
the Vraconnian-Cenomanian boundary are the indicators of a shelf margin wedge. 



Carnets de Géologie / Notebooks on Geology - Memoir 2008/02 (CG2008_M02) 

21 

The ammonite zones 

The collections made in the Salazac outcrops 
and the associations of ammonites from the 
cores of the Marcoule wells furnish rather 
precise elements for dating in the "Vraconno-
Cenomanian" succession. From top to bottom in 
the Marcoule silty shales and in the Valbonne 
sandstones, the ammonite zones identified 
either directly or by correlation are the fol-
lowing. 

• Lower Cenomanian  

Mantelliceras mantelli Zone 

The alternations of glauconitic sandstone 
beds above the level of phosphate nodules, that 
is the upper two-thirds of the upper member of 
the Silty Shales Formation at Marcoule, contain 
Schloenbachia varians (SOWERBY) and Hypho-
plites (Hyphoplites) falcatus (MANTELL). Note 
that the presence of phosphate has never been 
reported in the Salazac outcrops in the vicinity 
of the Vraconnian-Cenomanian boundary. The 
levels involved are at the top of an escarpment 
and difficult of access. Nevertheless it would be 
interesting to search there in the future for the 
trace of such a phosphatic level. 

• "Upper" Vraconnian  

Arrhaphoceras (Praeschloenbachia) bria-
censis Zone 

The glauconitic sandstone beds under the 
bed of phosphatic nodules, that is the base of 
the upper member of the Silty Shales Formation 
have yielded an association of the A. (P.) 
briacensis Zone with Arrhaphoceras (Prae-
schloenbachia) aff. briacensis (SCHOLZ), 
Hyphoplites (Discohoplites) coelonotus (SEELEY), 
Stoliczkaia (Stoliczkaia) sp. and Mariella bergeri 
(BRONGNIART). The index fossil of the zone 
comes from the MAR 402 well at 1,143.63 m, 
that is 16 m below the phosphatic nodules band 
and 10 m above the bottom of the glauconitic 
sandstone succession. Too, it is possible that 
the first few meters of the upper member of the 
Marcoule Silty Shale Formation are still in the 
Mortoniceras (Subschloenbachia) perinflatum 
Zone. 

Mortoniceras (Subschloenbachia) perinflatum 
Zone 

For two reasons the Mortoniceras 
(Subschloenbachia) perinflatum ammonite Zone 
is the best represented of those in the Marcoule 
wells. The first is its exceptional thickness: 150 
to 220 m. In fact, the interval involved includes 
the whole of the grey, shaly silts that make up 
the middle member of the silty shales of 
Marcoule. The second reason is that it is the 
biozone that produced the most abundant (24 
specimens) and the most diversified ammonite 
fauna with: Lepthoplites ornatus SPATH, 
Pleurohoplites (Pleurohoplites) renauxianus 
(SEELEY), H. (D.) valbonnensis (HÉBERT et MU-
NIER-CHALMAS), Puzosia (Puzosia) sp., Stoliczkaia 

(Stoliczkaia) dispar (d'ORBIGNY), Lechites 
gaudini (PICTET et CAMPICHE), Hamites sp., 
Idiohamites sp., Mariella bergeri (BRONGNIART 
and Ostlingoceras puzosianum (d'ORBIGNY). 
Although the index species is absent, the 
association of S. (S.) dispar, M. bergeri and O. 
puzosianum is characteristic of the M. (S.) 
perinflatum Zone. 

• "Lower" Vraconnian  

Mortoniceras (Mortoniceras) fallax Zone 

The Mortoniceras (Mortoniceras) fallax Zone 
has not been recognized in the Marcoule wells. 
The only ammonites collected in the laminated 
black shales of the lower member of the Mar-
coule Silty Shales Formation are in well MAR 
203: Hamites sp., Idiohamites sp. and Hypho-
plites (Discohoplites) coelonotus (SEELEY). They 
indicate only in a broad way a Vraconnian age. 
The idea of correlating the upper member of the 
Valbonne Formation, the gravel-bearing 
glauconitic sandstones with a phosphate nodule 
bed at the base, and the black anoxic shale 
making up the lower member of the Marcoule 
Formation with the lower Vraconnian of Salazac 
is supported by the sedimentary context (FERRY, 
1996a, 1996b, 1998, 1999) and by the content 
of lower Vraconnian planktonic foraminifera 
from sample 775.64-777.06 m in MAR 203 
(ROBASZYNSKI & AMÉDRO, 1996b). At Salazac this 
level could be the lateral ending of a level 
better developed eastward in the area of the 
subsident Marcoule block. 

MILANKOVICH cycles and the duration of 
the Vraconnian 

The length of the span of Albian ammonite 
zones ranges between 0.6 and 1 Ma (AMÉDRO, 
1980). 

Generally, three ammonite zones are reco-
gnized in the Vraconnian and they are well 
represented in the Salazac and Marcoule areas, 
so extrapolation suggests that the length of the 
Vraconnian was between 1.8 and 3 Ma. 

A much more precise estimate may be 
obtained using a cyclostratigraphic approach on 
the Marcoule Silty Shales Formation. The upper 
member of the formation is characterized by 
alternations of light-colored glauconitic sand-
stone and darker interbeds of sandy-silty shale. 
The middle and lower members are more nearly 
uniform in color, nevertheless, a weak trace of 
the alternations persists in the marls, even 
though it is sometimes very difficult to detect 
significant lithologic changes with the naked 
eye (FERRY, 1998, 1999). But gamma-ray logs 
of wells MAR 203 and 402 show by their 
oscillating character the periodic structure of 
the deposits, that is the MILANKOVITCH cycles 
(BEAUDOIN et alii, 1998). The first expression of 
the alternations in sedimentary registration is 
related to the cycles of equinoctial precession, 
from 20 to 22,000 years in length 
(MILANKOVITCH, 1920; GALE, 1990; FIET, 1998). 
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Starting with these data, the cyclostratigraphic 
analysis of the gamma-ray log gave a "time 
calibration" to the Vraconnian succession in the 
Marcoule wells (BEAUDOIN et alii, 1998). If there 
was not a notable hiatus in it, the length of 

Vraconnian time is estimated at 2.3 Ma, and for 
each ammonite zone:  
- A. (P.) briacensis Zone: 0.2 to 0.55 Ma;  
- M. (S.) perinflatum Zone: 1.25 to 1.6 Ma;  
- M. (M.) fallax Zone: 0.6 Ma.   

 

Figure 11: The Upper Albian s.s. and the Vraconnian at Mont-Risou (Drôme). 

This is the reference section accepted at the time of the "Second International Symposium on Cretaceous Stage 
Boundaries" held in Brussels in 1995 to define the base of the Cenomanian. 

As at Salazac and Marcoule the Vraconnian is exceptionally thick. In addition the Mont-Risou section is the one where 
the upper Vraconnian Arrhaphoceras (Praeschloenbachia) briacensis ammonite Zone is, in the current state of know-
ledge, the thickest and best exposed in the world. 
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In addition it also becomes possible to 
calculate the mean rate of sedimentation: 1.40 
m/10,000 years, a considerable amount. 

Eustatic Interpretation 

The criteria used to define the sedimentary 
wedges of the Vraconnian in the Marcoule 
region are indicated on Figure 10. 

The section used as a reference for sequence 
interpretation is well MAR 203. Data on litho-
facies are extracts from FERRY (1996b, 1998, 
1999) and ROBASZYNSKI & AMÉDRO (1996b). From 
bottom to top, the interpretation proposed 
using the concepts developed by VAIL et alii 
(1987) is as follows. 

• Transgressive Systems Tract (from 798 to 
700)  

The coarse-grained glauconitic sandstones 
with gravels of the Valbonne Formation start at 
the bottom with a bed of phosphatic nodules. In 
the Salazac outcrops, major changes in 
ammonite populations begin at this phosphatic 
level. According to FERRY (1996b), the last few 
meters of the unit (787 to 781) appear chaotic 
and represent a piling up of submarine flows. 

Above these is the black laminated shale of 
the lower member of the Marcoule Formation 
(781 to 700). Without ammonites, it indicates 
an anoxic environment that became apparent 
before the transgression reached its maximum 
(FERRY, 1996b). These laminated shales of well 
MAR 203 grade laterally to coarse shaly sand-
stones, their greatly augmented thickness 
attaining 100 m in well MAR 402 (Fig. 8). The 
correlation of the two facies is based on 
sedimentological arguments detailed by FERRY 
(1999) and in particular by the presence of a 
tsunamite level in both wells. 

• Highstand Systems Tract (from 700 to 470)  

The grey silty shales of the middle member 
of the Marcoule Formation (700 to 484 m) 
contain an abundant macrofauna, especially 
rich in ammonites. The interval of maximum 
drowning is 670-640 m where the sand fraction 
is lowest. The first levels of glauconitic bio-
turbated sandstones of the upper member of 
the Marcoule Formation (484 to 470 m) 
announce the start of a regressive tendency. 

• Shelf Margin Wedge (from 468 to 463.97 
m)  

The 468-463, 97m interval is characterized 
by the presence of coarse glauconite, cross-
bedding, and by energy-produced structures 
with much bioturbation. These characteristics 
indicate an accentuation of the regressive 
tendency. 

• Transgressive Systems Tract and Highstand 
Systems Tract (from 463.7 to at least 390 
m)  

In the central portion of the Marcoule 

Formation the phosphate nodules present 
between 463.97 and 463.40 m and the slightly 
calcareous finely glauconitic sandstones with 
Taenidium that cover them, indicate a new 
transgressive impulse. In concordance with 
what takes place in the platform facies of both 
the Anglo-Paris basin (ROBASZYNSKI et alii, 1998) 
and the south margin of the Tethys in central 
Tunsia (ROBASZYNSKI et alii, 1994), that impulse 
is an expression of the first Cenomanian 
sequence. 

The limit between the transgressive interval 
(TST) and the highstand wedge (HST) that 
follows it is hard to find in the Marcoule wells. 
Although inserted in a generally transgressive 
context, the rise in sea level is compensated for 
regionally by a more important import of 
sediment. As a result, in the upper member of 
the Marcoule Formation the alternations beco-
me more and more sandy and then come the 
sandstones with orbitolines of the Tave 
Formation which end the regressive sequence. 

The eustatic curve of Figure 10 shows 
definitely that at Marcoule the Vraconnian is in 
a third order cycle, as it in the Anglo-Paris basin 
(AMÉDRO, 1992), or in northern Spain (GRÄFE, 
1994). But the new idea is that the trans-
gressive rise may have been much more rapid 
or more accentuated at the base of the 
Vraconnian than it was at the Vraconnian-
Cenomanian boundary. 

Among all of the Vraconnian sections 
presented, the Marcoule wells are incontestably 
the best studied and provide the most new 
information. There are two reasons for that. 
The first is an exceptionally thick sedimentary 
record of more than 350 m in a succession 
without important hiatus. The second is the 
multidisciplinary approach conducted by ANDRA 
using specialists of all categories. 

4.4. The Vraconnian at Mont-Risou 
(Drôme, France)  

The Vocontian trough, that is the central 
part of the basin of southeastern France, was 
during the period represented by the Early 
Aptian to Middle Cenomanian a pelagic domain 
in which 300 to 700 m of fine-grade sediments, 
calcareous clays, accumulated: the "Marnes 
bleues" [Blue Marls] (MÉDIONI, 1984; BRÉHÉRET, 
1988, 1997). It is the thickest series now 
known in the world for the middle Cretaceous. 
It is there, at Mont-Risou, that the reference 
section defining the lower boundary of the 
Cenomanian stage was selected at the "Second 
International Symposium on Cretaceous Stage 
Boundaries" held in Brussels in 1995 (TRÖGER & 
KENNEDY, 1996). The "Marnes bleues" [Blue 
Marls] outcrops accessible at the base of the 
slopes of Mont-Risou expose all the Albian s.s. 
and Vraconnian with the following thicknesses: 
Lower Albian: 80 m; Middle Albian: 90 m; 
Upper Albian and Vraconnian: 280 m. The 
entire section was described in detail by 
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BRÉHÉRET (1997) and in the vicinity of the 
Albian-Cenomanian boundary was reviewed by 
GALE et alii (1996). 

Lithologic units at Mont-Risou 

These units were defined by BRÉHÉRET (1997) 
in the interval ranging from the Upper Albian to 
the Lower Cenomanian and Figure 11 shows the 
principal paleontological markers from bottom 
to top. 

• Unit 11 (110 m, only the second half is 
assigned the Upper Albian)  

Silty marls interrupted by more or less 
glauconitic limestone or sandstone beds with 
from bottom to top: a triplet of limestone beds, 
a bed of glauconitic sandstone (= G8), a group 
of silty limestones named "faisceau silteux" 
[silty bundle], three limestone beds strongly 
bioturbated by Chrondrites-type organisms, the 
uppermost constituting the "petite vérole" 
[small-pox level], several decimeters of 
glauconitic silt. The first Dipoloceras, ammo-
nites characteristic of the base of the Upper 
Albian, appear some ten meters under the G 8 
sandstone bed and the inoceramid Actino-
ceramus subsulcatus (WILTSHIRE) is just below 
it. Three meters higher, a black, laminated 
horizon has an abundant fauna of inoceramids: 
A. subsulcatus and ammonites: Dipoloceras 
cristatum (BRONGNIART). The interval from the 
base of the silty bundle to the upper limit of 
Unit 11 contains ammonites of the genera 
Mortoniceras, Prohysteroceras, Hysteroceras 
and several levels rich in Actinoceramus sulca-
tus (PARKINSON) (BRÉHÉRET, 1997). 

• Unit 12 (75 m)  

An interval dominantly marly. Some 
pyritized ammonites, unfortunately indeter-
minate, are reported by BRÉHÉRET in the last 10 
meters of the unit. Aucellines appear 30 m from 
the top of Unit 12 and can be abundant. 

• Unit 13 (40 m)  

Marls, in the lower two thirds with interbeds 
of thick, resistant limestones that constitute the 
"michoid faisceau". Aucellines remain common, 
and are associated, starting at the bottom of 
the unit, with ammonites typical of the 
Vraconnian: Lechites moreti BREISTROFFER, 
Turrilitoides hugardianus (d'ORBIGNY), Mariella 
gresslyi (PICTET), ... 

• Unit 14 (60 m)  

The lower part is characterized by the 
presence of laminated marls with abundant 
ammonite impressions, which space out and 
decrease in number upward. All of these beds 
are in BRÉHÉRET's (1988) "Niveau BREISTROFFER" 
to which he assigns a thickness of 35 m, but 
GALE et alii (1996) give it only 10 m, using a 
more restrictive interpretation. The upper part 
of Unit 14 is all marl. The fourth horizon of 

laminated marls in the Niveau BREISTROFFER, 
some 7.50 m above the base of Unit 14, is 
coincident with the disappearance of a certain 
number of ammonite species of which the most 
characteristic are Mortoniceras 
(Subschloenbachia) perinflatum (SPATH), M. (S.) 
subquadratum SPATH and Cantabrigites 
cantabrigense SPATH (GALE et alii, 1996). 

• Unit 15 (70 m)  

Marls interrupted rhythmically by small 
limestone interbeds. The foraminifer Rotalipara 
globotruncanoides appears in the middle of Unit 
15 and 6 m higher is accompanied by an 
ammonite association indicating the base of the 
Mantelliceras mantelli Zone (GALE et alii, 1996) 
[Rotalipara globotruncanoides was selected 
during the "Second International Symposium on 
Cretaceous Stage Boundaries" held in Brussels 
in 1995 as the marker of the base of the 
Cenomanian]. 

Note that the only Arrhaphoceras 
(Praeschloenbachia) briacensis (SCHOLZ) 
collected at Risou comes from the interval 
between the appearances of R. 
globotruncanoides and M. mantelli, that is in 
the Lower Cenomanian, although this species is 
essentially characteristic of the upper 
Vraconnian. 

Upper Albian and Vraconnian 

Using these data, the base of the Upper 
Albian sensu stricto can be situated 10 m under 
sandstone bed G8; here is detail regarding the 
ammonite zones: 

- base of the Dipoloceras cristatum Zone: 10 
m under the G8 level with the appearance of 
Dipoloceras; 

- base of the Mortoniceras (Mortoniceras) 
pricei Zone: at the bottom of the silty beds 
where an association appears including some 
Mortoniceras, Prohysteroceras, Hysteroceras 
and abundant Actinoceramus sulcatus; 

- base of the Mortoniceras (Mortoniceras) 
inflatum Zone: 30 m below the top of Unit 12, 
at the level of the appearance of the aucellines. 
Although no ammonite was determined in the 
interval, the base of the M. (M.) inflatum Zone 
can be placed there with considerable 
confidence to the extent, according to MORTER & 
WOOD (1983), that in all of Europe the 
appearance of aucellines is coincident with the 
base of the M. (M.) inflatum Zone (equivalent to 
the Callihoplites auritus Subzone of SPATH, 
1923). From another angle, the interval 
between the base of the silty beds to the 
glauconitic silt immediately overlying the "petite 
vérole" may be attributed to the lower part of 
the M. (M.) pricei Zone, in other words SPATH's 
(1923) Hysteroceras orbignyi Subzone because 
of the presence of abundant Hysteroceras and 
Actinoceramus sulcatus (according to the con- 
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Figure 12: Actual boundaries of 
Albian and Vraconnian sediments 
in the Anglo-Paris basin (in black 
and green) and the location of 
the localities cited in the text 
(after AMÉDRO, 1992). Taking 
erosion into consideration, if the 
present contours correspond 
generally to the Albian and 
Vraconnian littoral, the basin is 
in the form of an area of 
sedimentation oriented NW-SE, 
linked in the northern part with 
the North Sea and southward 
communicating with the Alpine 
domain through the Burgundy 
passageway. 

 

 

vergent observations of OWEN, 1976, and AMÉ-
DRO et alii, 1995, the disappearance of A. 
sulcatus occurs at the boundary between the H. 
orbignyi and H. varicosum subzones, or slightly 
below it). 

Higher up, the appearance of Turrilitoides 
hugardianus and Mariella gresslyi at the base of 
the michoid bundle is characteristic of the 
Vraconnian and more particularly of the M. (M.) 
fallax Zone. The interval between the michoid 
bundle and the BREISTROFFER level is in the M. 
(S.) perinflatum Zone, but information 
published to date do not permit locating 
precisely the boundary between the M. (M.) 
fallax and M. (D.) perinflatum zones. Finally, 
the interval covering the 4th horizon of 
laminated marls of the BREISTROFFER Level to the 
middle of Unit 15 is characterized by the 
presence of Stoliczkaia (Stoliczkaia) clavigera, 
Mariella (Mariella) bergeri and Arrhaphoceras 
(Praeschloenbachia) briacensis that identify it 
as the A. (P.) briacensis Zone of which the final 
terms are already Cenomanian. 

In accordance with the limits indicated 
above the Vraconnian of Mont-Risou is at least 
145 meters thick, a sedimentary record 
comparable to that of the remainder of the 
Albian sensu stricto. It is also the locality where 

the A. (P.) briacensis Zone is recognized as 
having the greatest thickness in the world: 96 
m. A last point is the presence, along with the 
ammonites, of inoceramids, planktonic 
foraminifera and nannoplankton that allow the 
construction of parallel paleontological scales 
(GALE et alii, 1996). 

Remarks 

The recent citation by PARIZE et alii (1998) of 
three Vraconnian ammonites: Anisoceras sp. gr. 
perarmatum (PICTET et CAMPICHE), Stoliczkaia 
(Stoliczkaia) sp. and Scaphites hugardianus 
d'ORBIGNY at the base of Unit 12, two meters 
above the "petite vérole" marker and just above 
the bed of glauconitic silt that forms the upper 
limit of Unit 11, merits discussion. 

It would move the lower boundary of the 
Vraconnian in the Mont-Risou section 75 m 
down. 

It would lead to the acceptance of an 
important discontinuity in the Vocontian basin 
between the top of Unit 11 which contains 
numerous ammonites such as Actinoceramus 
sulcatus, fossils characteristic of the lower 
portion of the Mortoniceras (Mortoniceras) pricei 
Zone (Upper Albian s.s., not extended) and the 
base of Unit 12 which is Vraconnian. 
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Figure 13: Facies distribution in 
the Anglo-Paris basin (after 
JUIGNET, 1974; MÉDIONI et alii, 
1980; AMÉDRO, 1984, for the 
French part of the basin, and 
SHERLOCK, 1960; GALLOIS & 
EDMUNDS, 1965, and GALLOIS & 
MORTER, 1982, for the British 
part). 

An examination of the map shows 
three principal facies: 

• in a large central band of the 
basin, light grey marls in a 
Gault facies with a higher 
zone in the Artois, south of 
the Boulonnais;  

• in the western part of the 
Weald, glauconitic sands and 
sandstones more or less 
calcareous or argillaceous 
(Upper Greensand);  

• in Normandy, in the Mons 
basin and on the southeast 
border of the basin, silty, 
glauconitic marls, often con-
solidated, rich in sponge 
spicules with cherts (gaizes, 
"meules" of the Belgian Hai-
nault). 

 

 

 

It would modify the relationship between 
foraminiferal and ammonite zones, for the base 
of the Vraconnian would no longer coincide with 
the base of the Rotalipora appenninica Zone 
(SIGAL, 1977, 1987; ROBASZYNSKI & CARON, 1979) 
but would coincide with the base of the 
Rotalipora subticinensis Zone (CARON in PARIZE 
et alii, 1998). 

A certain number of comments are in order 
regarding this publication. 

- The authors may have collected at about 
11 m under the "petite vérole" marker several 
Mortoniceras (Mortoniceras) inflatum, an index 
fossil of the zone, in an interval that also 
contains abundant Mortoniceras (Mortoniceras) 
pricei, M. (Deiradoceras) sp. and Actinoceramus 
sulcatus in fact an association typical of the 
lower half of the preceding M. (M.) pricei Zone. 

- The distribution of aucellines in the Mont-
Risou section may be unique in Europe. Indeed, 
the arrival of aucellines in massive quantities 
would have occurred there during the middle 
Vraconnian, contrary to what took place 
everywhere else, for elsewhere the event is 
dated by its occurrence in the M. (M.) inflatum 
(MORTER & WOOD, 1983) Zone. 

- A discontinuity between the Upper Albian 
s.s. should be better developed in the central 

most subsident portion of the basin of 
southeastern France (Mont-Risou) than at its 
margins (Salazac). 

Finally, and above all, the material was not 
figured and insofar as the "Vraconnian" 
ammonites are concerned: Stoliczkaia 
(Stoliczkaia) sp. and Anisoceras sp. gr. 
perarmatum are only impressions of which the 
determinations are uncertain, so the radical 
changes proposed by PARIZE et alii (1998) for 
the stratigraphic relationships of the Vraconnian 
of the Vocontian basin and its relationships with 
the zones based on planktonic foraminifera are 
not substantiated. 

4.5. The Vraconnian at Folkestone (Anglo-
Paris basin, U.K.) 

4.5.1. The Anglo-Paris basin 
The Anglo-Paris basin is not located at an 

oceanic margin like the basin of southeastern 
France, but is an intra-cratonic basin caused by 
a pulling apart of the lithosphere (BRUNET & LE 

PICHON, 1982). In the history of the sciences, it 
was the cradle of stratigraphy. It is certain that 
it was in the Anglo-Paris basin during the XIXth 
century that the major principles of stratigraphy 
were developed and where d'ORBIGNY (1842-
1847) created the major stages of the middle 
Cretaceous, the Cenomanian and Turonian. 
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Figure 14: Generalized lithology of the shales in a Gault facies at Folkestone (U.K.) as described by PRICE (1874) and 
OWEN (1976). Although this locality is in the northern part of the Anglo-Paris basin where sedimentation is reduced in 
comparison with the south half (AMÉDRO, 1992), the thickness of the Vraconnian remains relatively important: 14.70 
m. From another side, the presence of glauconite and reworked phosphatic nodules immediately above bored surface 
makes possible the interpretation of bed XII as a transgressive unit (IT). Beds XII and XIII together represent a 
eustatic cycle of the 3rd order (AMÉDRO, 1992; HART, 2000). 
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Figure 15: Lithology and distribution of ammonites in the Upper Greensand (Vraconnian) of Merstham at the 
northern edge of the Wealden in southeastern England (after OWEN, 1976, 1996a). At the Gault Clay – Upper Green-
sand boundary, there is a glauconitic bed which can be correlated with bed XII at Folkestone. It is the base of the 
Vraconnian transgressive interval. The mass of the Upper Greensand may be correlated with bed XIII at Folkestone 
and consequently marks a clear lateral change in facies. Four lithologic units found regionally are superposed. From 
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Figure 12 indicates the area in the Anglo-
Paris basin now occupied by Albian and 
Vraconnian sediments. Taking erosion into 
consideration, and if it is accepted that the 
existing contours reflect the Albian and 
Vraconnian littoral reasonably well, the basin 
appears as an area of sedimentation oriented 
NW-SE, its northern portion connected to the 
North Sea basin, and southward and 
communication southward with the Alpine 
domain through the Burgundian passage way. 
In Great Britain there are the outcrops of East 
Anglia and the Weald, in France those of the 
Boulonnais, the Pays du Bray, the Bec de Caux 
and of the southeastern edge of the basin, 
including the Porcien, the Argonne, the Aube 
(type area of the Albian stage), the Yonne and 
the Nièvre. Note too in the Belgian Hainaut, a 
digitation of the basin called the "Mons Gulf or 
Basin" auct.. 

Field work supplemented by well data in the 
central part of the basin in both France 
(LAUVERJAT, 1967, 1974; JUIGNET, 1974; MÉDIONI 
et alii, 1980) and Great Britain (JUKES-BROWNE & 
HILL, 1900; SHERLOCK, 1960; GALLOIS & EDMUNDS, 
1965; OWEN, 1976; GALLOIS & MORTER, 1982) 
make possible a map showing the distribution 
of Vraconnian facies. Figure 13 shows three 
main facies: 

In a broad central band in the basin, light 
grey marls of the Gault facies (Brienne Marls, 
upper portion of the Gault Clay) with an eroded 
tract in Artois, south of the Boulonnais; 

In the western part of the Weald, sands and 
glauconitic sandstones that are more or less 
calcareous or argillaceous (Upper Greensand); 

In Normandy, in the Mons basin and at the 
southeastern border of the basin, silty 
glauconitic marls, often compacted, rich in 
sponge spicules with cherts ("gaizes", "meules" 
['millstones'] of the Belgian Hainaut). 

Remnants preserved on the Burgundy sill 
show that the marl facies continues past the 
Anglo-Paris basin toward the basin of 
southeastern France (CIRY et alii, 1965). On the 
other hand, to the North an important phase of 

pre-Cenomanian erosion caused the progressive 
disappearance of Vraconnian formations in the 
northern part of East Anglia (GALLOIS & MORTER, 
1982), with as a corollary, the reworking of 
Vraconnian fossils into the basal part of the 
Cenomanian glauconitic formations. In par-
ticular, such is the case in the Cambridge region 
where the phosphatic nodules of the Cambridge 
Greensand, which provided SEELEY (1865) with 
numerous types of ammonites among them: 
Callihoplites acanthonotus, C. cratus, C. glosso-
notus, C. leptus, C. tetragonus, Pleurohoplites 
(Arrhaphoceras) woodwardi, Hyphoplites 
(Discohoplites) coelonotus, Neophlycticeras 
(Neophlycticeras) sexangulatum and Stoliczkaia 
(Stoliczkaia) notha that are imbedded in a 
glauconitic sediment, the matrix of which 
furnished foraminifera dating the Cenomanian 
(HART, 1973a). The group of ammonites 
collected from the nodules in the Cambridge 
Greensand show that the M. (M.) fallax and M. 
(S.) perinflatum zones are condensed with an 
enormous preponderance of species reworked 
from the lower Vraconnian and a small pro-
portion from the upper Vraconnian (BREISTROF-
FER, 1946). In spite of the richness of its fauna, 
the Cambridge Greensand offers little interest 
today from a biostratigraphic standpoint. 

Five sections illustrate the different aspects 
of the Vraconnian across the Anglo-Paris basin. 
Folkestone, sited in the clays of the Gault 
facies, Merstham in the Upper Greensand and 
Grandpré in the Argonne Gaize, Harchies and 
Strépy in the "meules" of the Belgian Hainaut 
near Mons. The geographic position of the 
sections is shown on Figures 12 and 13. 

4.5.2. The Folkestone outcrops 
The Gault of Folkestone is famous since the 

works of SPATH (1923-1943) to which must be 
added those preceding them, PRICE (1874) and 
JUKES-BROWNE & HILL (1900) and those after 
them, CASEY (1966), HART (1973b, 2000), OWEN 
(1976) and MAGNIEZ-JANNIN (1981). Above the 
glauconitic sands of the Lower Greensand, its 
upper limit dated by Lower Albian ammonites 
(CASEY, 1961), the Gault at Folkestone shows 
the following succession, summarized from 
OWEN (1976) and illustrated in Figure 14. 

 

.../... 

bottom to top: 

Unit A (4.25 m: light grey marls, becoming sillty upward;  

Unit B (2.80 m): alternations of pluri-decimetric sandstones and marly levels;  

Unit C (1.90 m): massive, more or less indurated sandstones  

Unit D (3.35 m): glauconitic sandstone  

Finally, in contrast to the shale facies of bed XII at Folkestone that has a poor ammonite fauna, the Upper Greensand 
has a relatively rich and diversified fauna, with in Unit A and the first sandstone bed of Unit B, an association of the 
M. (M.) fallax Zone and in the remainder of Unit B an association of the M. (S.) perinflatum Zone. On the other hand, 
units C and D for the moment have not furnished ammonites and their zonal attribution remains imprecise.
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Middle Albian 

Beds I to VII (10 m): mainly black clays, 
rich in Actinoceramus concentricus (PARKINSON), 
intercalated with 5 beds of phosphatic nodules 
located at the bottom of bed I and in bed IV. 
Ammonites abound, particularly the Hoplitidae 
(Hoplites, Anahoplites, Dimorphoplites, ...). 

Upper Albian sensu stricto 

Beds VIII to XI (14.50 m): grey clays, with 
two pairs of phosphate levels in beds VIII and 
X. The inoceramid Actinoceramus sulcatus 
(PARKINSON) is present by the hundreds in beds 
VIII and IX. Ammonites abound in all the beds  
and in bed XI Brancoceratidae (Hysteroceras) 
and Mortoniceratidae (Mortoniceras, Prohyste-
roceras), including Mortoniceras (M.) inflatum 
(SOWERBY), are particularly numerous. 

Vraconnian 

Bed XII (1 m): grey-green, glauconitic marly 
clay with a bed of phosphatic nodules at the 
base, the nodules rather scarce. The ammonites 
found in the phosphatic nodule bed show an 
association of species reworked from the top of 
the Upper Albian: Mortoniceras (Mortoniceras) 
inflatum, Prohysteroceras (Goodhallites) candol-
lianum SPATH non PICTET, Hysteroceras cari-
natum SPATH, Callihoplites strigosus SPATH, and 
Vraconnian species: Callihoplites leptus SPATH, 
C. glossonotus (SEELEY), Hyphoplites 
(Discohoplites) coelonotus (SEELEY), Cantabri-
gites cantabrigense (SPATH) and Anisoceras 
perarmatum (PICTET et CAMPICHE), see CASEY, 
1966. 

Bed XIII (13.70 m): light grey marly clay. 
Ammonites are rare with fewer than twenty 
individuals collected in a century of research: 
Lepthoplites falcoides SPATH, Pleurohoplites (P.) 
subvarians SPATH, P. (P.) renauxianus (d'OR-
BIGNY), P. (Arrhaphoceras) substuderi (SPATH), 
Callihoplites vraconensis (PICTET et CAMPICHE), C. 
seeleyi SPATH, C. tetragonus (SEELEY), C. pulcher 
SPATH, Stoliczkaia sp., Hamites virgulatus 
BRONGNIART and Anisoceras perarmatum PICTET 
et CAMPICHE (CASEY, 1966; KENNEDY, 1969). 

Lower Cenomanian 

Glauconitic marl (7 m according to GALE, 
1989): Dark green glauconitite, intensely 
bioturbated by Spongeliomorpha, the base 
indicated by a bored surface and containing the 
ammonite Neostlingoceras carcitanense (MATHE-
RON). 

The majority of the ammonites collected in 
beds XI and XII are Hoplitidae which, although 
indicating the Vraconnian, do not allow the 
identification of any one zone. In spite of this 
limitation, the Folkestone section retains a 
double interest for the subject under discussion. 

Although it is in the northern part of the 
Anglo-Paris basin where the sedimentary record 
is more reduced than that in the south (AMÉDRO, 

1992), the thickness of the Vraconnian remains 
relatively great. 

As at Salazac or at Marcoule, the Vraconnian 
begins with a transgressive interval (bed XII) 
bounded at the base by a bored surface and 
characterized by the presence of phosphate and 
glauconite. As in southeastern France it is the 
base of a 3rd order eustatic cycle (AMÉDRO, 
1992; HART, 2000). 

4.6. The Vraconnian at Merstham (Anglo-
Paris basin, U.K.)  

At the southern limit of Greater London and 
96 km west of Folkestone, a trench near 
Merstham located at the junction of motorways 
M23 and M25 provided OWEN (1976, 1996a) 
with a section representative of the Upper 
Greensand of the Weald (Fig. 15). The 
succession OWEN described in the Upper 
Greensand shows the superposition of four 
lithologic units that are found consistently on a 
regional scale along the whole of the northern 
border of the Weald. From bottom to top, the 
lithologic suite and it macrofaunal content 
(ammonites) are as follows: 

Gault Clay (Albian s. s.) 

(2 m described) grey clay 

Upper Greensand (Vraconnian) 

Unit A (4.25 m): light grey marls becoming 
silty upward and limited at the base by a bright 
green decimetric glauconitic bed. Ammonites 
abound in the middle portion of unit A with: 
Puzosia sp., Neophlycticeras sp., Mortoniceras 
(Mortoniceras) fallax (BREISTROFFER), M. (M.) 
alstonensis (BREISTROFFER), "M. (M.) rostratum" 
(SOWERBY), Lepthoplites pseudoplanus SPATH, L. 
falcoides SPATH, Callihoplites vraconensis (PICTET 
et CAMPICHE), C. acanthonotus (SEELEY), C. 
tetragonus (SEELEY), C. cf. paradoxus SPATH, 
Anisoceras picteti SPATH and Idiohamites 
elegantulus SPATH. 

Unit B (2.80 m): alternating beds of 
pluridecimetric sandstone and marly levels. The 
lowest sandstone bed delivered Neophlycticeras 
(Neophlycticeras) blancheti (PICTET et CAMPICHE) 
and a marly level 0.50 m above the base of unit 
B: Mortoniceras (Subschloenbachia) sp.; 
Lepthoplites pseudoplanus SPATH, Callihoplites 
vraconensis (PICTET et CAMPICHE), C. cf. 
tetragonus (SEELEY), C. acanthonotus (SEELEY), 
C. advena SPATH, C. seeleyi SPATH, 
Arrhaphoceras studeri (PICTET et CAMPICHE), 
Pleurohoplites subvarians SPATH, P. cf. 
renauxianus (d'ORBIGNY), Anisoceras sp., 
Idiohamites sp., Lechites gaudini (PICTET et 
CAMPICHE) and Ostlingoceras puzosianum 
(d'ORBIGNY). The middle part of Unit B still 
contain Mortoniceras (Subschloenbachia) sp. 

Unit C (1.90 m): massive sandstone beds 
more or less indurated. 

Unit D (3.35 m) glauconitic sandstone. Units 
C and D did not deliver ammonites either at 
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Merstham or in nearby sections. 

Glauconitic Marl (Lower Cenomanian) 

(seen over 1 m) clayey glauconitite. 

In all, the Upper Greensand measures 12.30 
m at Merstham. According to OWEN's 
descriptions (1976, 1996a) the thickness of the 
formation ranges between 12 and 17 m at the 
northern border of the Weald. The Merstham 
section is of interest in that it adds 
complementary information with relation to 
Folkestone on the Vraconnian of southeastern 
England. 

(i) At the limit between the Gault Clay and 
the Upper Greensand is a glauconitic bed that 
may correlate laterally with bed XII of 
Folkestone. It concerns the base of the 
transgressive interval of the Vraconnian. 

(ii) Consequently, the Upper Greensand 
mass is correlable with bed XIII of the Gault 
Clay at Folkestone. There is a very obvious 
lateral variation in facies. 

(iii) In contrast to the clay facies with but 
few ammonites at Folkestone, the Upper 
Greensand yields a Vraconnian fauna that is 
relatively rich and diversified. 

(iv) Finally, it is possible to distinguish two 
ammonite zones: in Unit A and in the first 
sandstone bed of Unit B. the M. (M.) fallax 
Zone, and in the remainder of Unit B the M. 
(S.) perinflatum Zone. But the age of units C 
and D just under the Glauconitic Marl dated 
Cenomanian is for the moment uncertain. 

4.7. The Vraconnian at Harchies and at 
Strépy (Mons basin, Belgium) 

The Mons basin forms a digitation some forty 
km long by about ten wide at the northeast 
border of the Anglo-Paris basin (MARLIÈRE, 1939, 
1965): Fig. 16A. Lower Cretaceous sediments: 
Wealden facies in which at Bernissart (CORNET & 
SCHMITZ, 1898) iguanodon skeletons have been 
found and Albian "meules" are preserved in vast 
depressions on the Paleozoic surface: the 
"cuves". The origin of these "cuves" sparked 
diverse interpretations retraced by MARLIÈRE 
(1970). More recent work by DELMER (1972) and 
by DELMER et alii (1982) have led to a 
hypothesis of vertical subsidence, the 
movements linked to the dissolution of 
evaporites in the Paleozoic substratum and 
more precisely in the Carboniferous Limestone. 
In these publications the "cuves" of the Mons 
basin are considered to be a result of 
dissolution at depth, thus causing beds above 
the evaporites to sink down. 

Albian formations do not crop out in the 
Mons basin because of the chalk cover. The rare 
possibilities for their study were the result in 

the XIXth century, of wells dug concerning the 
exploitation of the coal basin and in particular 
that of Harchies well n° 1 in 1899-1900. In the 
XXth century, the construction of the 
foundations of the boat-lift at Strépy-Thieu in 
1989-1990 (Fig. 16A) provided a new 
opportunity for their observation. 

4.7.1. Harchies well n° 1 
The Albian and Vraconnian "meules" in 

Harchies well n° 1 were described for the first 
time by Jules CORNET (1923). They were 
encountered between 82.00 m and 226.70 m, a 
thickness of 144.70 m. MARLIÈRE (1936) defined 
four formations. A second more detailed 
description of the lithologic suite encountered in 
this well was published by MARLIÈRE (1939) 
using samples collected by J. CORNET when the 
wells were drilled in 1899-1900 and preserved 
in the collections of the Faculté Polytechnique of 
Mons. From top to bottom a summarized 
description of the succession in the interval 
concerned is as follows (Fig. 16B). 

Cenomanian 

Bernissart Formation pars 

72.50 to 82.00 m: Clayey and sandy coarse 
limestone with scattered grey-green glauconite, 
bounded at the base by a conglomerate 1.40 m 
thick, enclosing abundant pebbles of phtanite. 

Vraconnian 

Bracquegnies Formation 

82.00 m to 86.30 m: dark green sandy and 
glauconitic marls with Hyphoplites 
(Discohoplites) cf. subfalcatus (SEMENOW) at 86, 
10 m (all the Vraconnian ammonites in the 
Harchies wells were determined by BREISTROFFER 
in MARLIÈRE (1942); 

86.30 m to 99.40 m: slightly glauconitic 
sandstones with some interbeds of 
conglomerate and grey-green calcareous 
sandstone. Several ammonites were collected in 
the interval: 

- Anisoceras perarmatum PICTET et CAMPICHE, 
Pleurohoplites (Pleurohoplites) subvarians SPATH 
and Callihoplites vraconensis (PICTET et 
CAMPICHE) at 87.10 m; 

- Anisoceras pseudoelegans PICTET et 
CAMPICHE at 95.50 m; 

- Hamites virgulatus BRONGNIART at 98.40 m; 

99.40 m to 115.80 m: more or less 
glauconitic grey-green sands with "Sponge 
Beds" and finely glauconitic calcareous 
sandstones with Lepthoplites cantabrigiensis 
SPATH at 102.10; 

115.80 m to 122.70 m: conglomerates and 
glauconitic sandstones. 
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Figures 16: The Albian and Vraconnian in the Mons basin (Belgian Hainault) Geographic distribution and isopachs of 
the Albian and Vraconnian meules after MARLIÈRE (1939, 1965). The lithology of Well n° 1 of Harchies is after 
MARLIÈRE (1939); that of the excavation for the boat lift at Strépy-Thieu is after ROBASZYNSKI (unpublished). 

16 A. The Mons basin forms a digitations some forty kilometers long by ten wide at the northeast corner of the 
Anglo-Parisian basin. The "Albian and Vraconnian meules" (millstones) are preserved in vast depressions ("cuves") on 
the Paleozoic surface. According to DELMER (1972) the "cuves" formed as the result of vertical subsidence linked to 
the dissolution of evaporites (collapse) in the Paleozoic substratum, and more precisely in the middle Devonian.  

16 B. Harchies Well n° 1 is located in the Pommeroeul "cuve", the deepest one in the Mons basin. The Albian and 
Vraconnian "meules" were penetrated between the depths of 82,0 m and 226,70 m, a thickness of 144.7 m in which 
MARLIÈRE (1936) defined four formations, from top to bottom: Bracquegnies Fm., Catillon Fm., Harchies Fm., and 
Pommeroeul Fm. All the formations begin at the base with conglomerates, which, in accordance with the concepts of 
sequence stratigraphy (VAIL et alii, 1987) are interpreted as Transgressive Systems Tracts (TST) that may or may 
not be followed by Highstand Systems Tracts (HST). And although the Pommeroeul, Harchies and Catillon formations 
are preserved only in the "cuve" where Harchies n° 1 is located, the lateral extent of the Bracquegnies Formation 
covers almost all of the Mons basin and reaches Strépy to the East. 
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Upper Albian sensu stricto 

Catillon Formation 

122.70 m to 137.40 m: dark green gaizes to 
glauconites with some more marly intervals; 

137.40 m to 147.80 m: glauconiferous marls 
with gaize nodules and spicules; 

147.80 m to 151.50 m: gravelly marl and 
conglomerates with phosphatic nodules; 

Harchies Formation 

151.50 m to 180.85 m: alternating beds of 
spongolites, gaizes and conglomerates 

180.85 m to 192.30 m: gaizes and sandy 
gaizes to glauconites; 

192.30 m to 203.50 m; "basal levels" 
multiple alternations of gaizes, conglomerates 
and gravels, with numerous phosphate nodules 
between 194.10 m and 195.00 m and between 
197.00 m and 197.50 m. The inoceramid 
Actinoceramus sulcatus (PARKINSON) is present 
at 196 m and A. concentricus (PARKINSON) at 
197.50 m. 

Middle Albian 

Pommeroeul Formation 

203.50 m to 215.25 m: green sandstones 
and sands with A. concentricus, and at 204.10 
m, Hoplites (Hoplites) dentatus (J. SOWERBY) 
(determination by AMÉDRO in AMÉDRO & LEPLAT, 
1983); 

215.25 m to 226.70 m: "basal facies"; 
coarse gravelly sandstones with several 
conglomeratic interbeds; 

226.70 m: Carboniferous surface. 

4.7.2. The boat lift at the Strépy-Thieu site 
The enlargement of the Centre canal east of 

Mons in the area of the communes of Strépy 
and Thieu necessitated the construction of a 
gigantic boat lift making it possible to 
compensate for a difference in level of 73 m. 
The earth-moving undertaken in 1989-1990 
while constructing the foundations of the work 
opened an excavation, the walls of which 
showed a succession going from Wealden facies 
at the bottom to Turonian formations at the 
top. Thus the whole of the Albian "Meule" 
(millstone facies) was exposed, here 
represented by the Bracquegnies Formation 
(GULINCK, 1974). Note that this locality is but 2 
km northwest of the location of test wells n° 5 
and 6 of the Strépy-Bracquegnies coal mines 
where, in the XIXth century for the first time 
fossils were found in large numbers in the 
"meule", thus revealing the paleontologic 
richness of the Bracquegnies "meule" (BRIART & 
CORNET, 1868; CORNET, 1926; MARLIÈRE, 1939). 
Here the Bracquegnies Formation is 40 m thick. 

The succession at the Strépy-Thieu lift site 

made by Francis ROBASZYNSKI (Faculté 
Polytechnique de Mons) and independently by 
Jacques HERMAN and Étienne STEURBAUT has not 
been published. For that reason only a 
summary description is given below. From 
bottom to top, the succession is as follows (Fig. 
16B): 

Wealden facies 

Seen for about ten meters: coarse-grained, 
white sands with oblique or cross-bedded 
stratification 

Vraconnian 

Bracquegnies Formation 

0 to 36.50 m: Greenish more or less 
glauconitic sands, interbedded with sandstone 
beds, sometimes lenticular. The base is marked 
by a half meter of conglomerate and the upper 
part contains several levels rich in Trigonia. 
Ammonites are common with two batches 
collected respectively in the intervals: 

15 to 25 m (A): Callihoplites tetragonus 
(SEELEY), Hyphoplites (Discohoplites) 
valbonnensis (HÉBERT et MUNIER-CHALMAS), 
Mortoniceras (Mortoniceras) fallax 
(BREISTROFFER), M. (M.) pachys (SEELEY), 
Neophlycticeras (Neophlycticeras) blancheti 
(PICTET et CAMPICHE), Anisoceras sp. and 
Lechites gaudini (PICTET et CAMPICHE); 

26 to 35 m (B): Callihoplites seeleyi (SPATH), 
Callihoplites aff. senilis SPATH, Callihoplites 
pulcher SPATH and Cantabrigites subsimplex 
(SPATH) 

36.50 m to 40.50 m: sands, very slightly 
glauconitic and at the top fine-grade, 
consolidated white sands (these white sands 
are smetimes referred to continental facies of a 
Wealden type in the Cenomanian, see GULINCK, 
1974). 

Turonian 

"Tourtia" 

40.50 m to 44 m: Strongly green glauconitic 
sandstones with at the base a conglomerate 
containing phosphate nodules. 

4.7.3. Remarks, comments and conclusion 
i - Thicknesses 

The Harchies and Strépy sections are 
illustrated in Figures 16 with an indication of 
their position in the "cuves" where the Albian 
"meules" are preserved in the Mons basin. 

The most outstanding fact is the amplitude 
of the Albian and Vraconnian formations in the 
Harchies wells where 144.70 m of "meules" 
accumulated. Their thicknesses are related to 
the fact that the Harchies wells were drilled in 
one of the deepest depressions of the Paleozoic 
substratum called, "Cuve de Pommeroeul" 
(MARLIÈRE, 1939). 
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Figure 17: Vertical range of Vraconnian ammonites collected from the Bracquegnies Formation of Harchies Well n° 1 
and from the excavations required for the foundations of the Strépy boat lift (Determinations by BREISTROFFER in 
MARLIÈRE, 1942 for the Harchies well; AMÉDRO, in this work for the Harchies well). The ammonite fauna is rich and 
diversified, with a large percentage of Hoplitidae (Lepthoplites, Callihoplites, Pleurohoplites, Hyphoplites, 
Discohoplites) that shows the Mons basin to be in the northern European province of the Boreal realm. On another 
side, the Strépy yield of an association including Neophlycticeras (Neophlycticeras) blancheti, Mortoniceras 
(Mortoniceras) fallax and Cantabrigites subsimple permits a determination of the age of the Bracquegnies Formation. 
It is attributed to the M. (M.) fallax ammonite Zone, that is to say to the "lower" Vraconnian, a date that could not be 
established until now. 

From another standpoint, the fossils from 
the Harchies wells contribute a certain number 
of stratigraphic attributions. 

First of all, the presence of Hoplites 
(Hoplites) dentatus at 204.10 m locates the 

Pommeroeul Formation in the Middle Albian and 
more precisely in the H. (H.) dentatus 
ammonite Zone (AMÉDRO, 1984). The 
appearance of Actinoceramus sulcatus at 196 m 
also determines with fair accuracy the base of 
the Upper Albian sensu stricto in the lower part 
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of the Harchies Formation. The assemblage of 
ammonites collected between 102.10 m and 
86.10 m serve to place the Bracquegnies 
Formation in the Vraconnian. So the Middle 
Albian in the Harchies wells is represented by 
about 31 m of beds, the Upper Albian s.s. by 81 
m and the Vraconnian by 41 m. 

ii - Interpretation of the conglomerate: 
subsidence and/ or sequence? 

The ideas developed by DELMER et alii (1982) 
led to the supposition that the geometrical 
superpositioning of four formations in the Albian 
and Vraconnian "meules" of the Harchies wells, 
each beginning with a conglomeratic level, is 
the result of repeated vertical movements 
connected with the dissolution of evaporites at 
depth. The role of subsidence following 
evaporite dissolution is undeniable in an 
understanding of the preservation of the Albian 
and Vraconnian "meules" in the "cuves". 
However, taking into consideration the concepts 
of sequential stratigraphy (VAIL et alii, 1987; 
HARDENBOL et alii, 1998), another explanation 
may be suggested to explain the presence of 
several superposed formations. According to 
the principles of eustatic interpretation of 
variations in sea level on a global scale, only 
high or very high sea levels leave sediments on 
continental platforms or in intra-cratonic basins. 
A sequential interpretation of the Albian and 
Vraconnian successions in the Anglo-Paris basin 
led to the recognition of 11 3rd order cycles on 
the eustatic curve (AMÉDRO, 1992). Indeed, 
there is a good correspondence between the 
transgressive inflections on this curve and the 
age of the conglomerates marking the base of 
the four formations. That is the reason for 
which each of these conglomerates may be 
interpreted as representing a Transgressive 
Systems Tract (TST) followed by a Highstand 
Systems Tract (HST). The proposed 
interpretation is indicated on Figures 16. It is 
equally clear that the important thickness of the 
Albian and Vraconnian "meules" of the Mons 
basin: 145 m when compared with only 20 
meters of clays in the Gault facies present 
beyond Valenciennes in the northeastern border 
of the Paris basin sensu stricto is a proof of 
subsidence in the "cuves". The question that 
may be asked is whether or not the vertical 
movements caused by the dissolution of 
evaporites at depth were more gradual and 
continuous than intermittent. 

iii - Lateral Extent of the Bracquegnies 
Formation (Vraconnian) 

If, as seems likely, the Pommeroeul, 
Harchies and Catillon formations are preserved 
only around the Harchies wells in the 
Pommeroeul "cuve", the Bracquegnies 
Formation occupies all of the Mons basin and 
reaches Strépy, east of the basin (Figs. 16). 
The set of ammonites identified in the 
Bracquegnies Formation in the Harchies n° 1 

well and in the excavations for the foundations 
of the Strépy lift is listed in Figure 17. The 
specimens from the Harchies well determined 
by BREISTROFFER in MARLIÈRE (1942) assign a 
Vraconnian age to the Bracquegnies Formation. 
Nevertheless, the nearly exclusive presence of 
Hoplitidae and of uncharacteristic 
heteromorphs: Lepthoplites cantabrigiensis, 
Pleurohoplites (Pleurohoplites) subvarians, 
Callihoplites vraconensis, Anisoceras 
perarmatum and Hamites virgulatus, has not, 
until now, permitted the identification of one or 
another ammonite zone. The samples from 
Strépy include more meaningful species, in 
particular Mortoniceras (Mortoniceras) fallax, M. 
(M.) pachys, Cantabrigites subsimplex and 
Neophlycticeras (Neoplycticeras) blancheti. This 
association of taxons is characteristic of the M. 
(M.) fallax Zone, that is, of the lower 
Vraconnian. 

iv - Rate of subsidence 

If the study now under way of additional 
material collected by a group of amateurs of the 
Mons area does not change this finding, it will 
be possible to assess the average rate of 
subsidence of the "cuves". Current data: 40 m 
of sediment laid down in 0.2 to 0.55 Ma 
(according to cyclostratigraphic studies made at 
Marcoule and in Italy by BEAUDOIN et alii (1988) 
that give a rate of between 8 and 20 cm / 1 ka 
(neglecting compaction). 

v - Conclusion 

In sum, in the Vraconnian of the Mons basin 
there are three characteristic features that are 
present more or less consistently in the other 
described sections in southeastern France and 
the Anglo-Paris basin: 

• a transgression at the bottom of the lower 
Vraconnian;  

• an important sedimentary record;  

• a rich and diversified ammonite fauna with 
at least 17 taxons in common: Lepthoplites 
cantabrigiensis, Pleurohoplites 
(Pleurohoplites) subvarians, Callihoplites 
vraconensis, C. tetragonus, C. seeleyi, C. 
pulcher, C. aff. senilis, Hyphoplites 
(Discohoplites) valbonnensis, H. (D.) cf. 
subfalcatus, Mortoniceras (Mortoniceras) 
fallax, M. (M.) pachys, Cantabrigites 
subsimplex, Neophlycticeras 
(Neophlycticeras) blancheti, Hamites 
virgulatus, Lechites gaudini, Anisoceras 
perarmatum and A. pseudoelegans.  

To these named species may be added the 
strong representation of the Lepthoplites, 
Pleurohoplites, Callihoplites and H. 
(Discohoplites) that link the Belgian Hainaut to 
OWEN's (1973) 'Hoplinitae' faunal province, an 
equivalent of KAUFFMAN's (1973) "North-
European province" of the Boreal realm. 
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Figure 18: The Vouziers Gaize: geometry of the sedimentary succession along a north-south section and its 
ammonite fauna. The Vouziers Gaize is a thick formation that is developed for some sixty kilometers along the 
eastern edge of the Anglo-Paris basin. At Grandpré it is 80 m. thick and attains 110 m at the Islettes, 20 km farther 
south. The lithologic succession is still poorly known. According to BARROIS (1878) the Vouziers Gaize has a bed of 
phosphate nodules called Talma phosphatic nodule bed 10 m above the base of the formation, then an interval rich in 
"coquins" (nodules) of gaize, and then the main body of the gaize itself. 

The ammonites of the BARROIS collection located in the GOSSELET Museum at Lille have been revised by AMÉDRO 
(1985). The specimens from the Talma phosphatic level and the "coquins" of gaize date the Late Albian. But most of 
the material comes from the "upper gaize" and represents a rich association of Vraconnian age, in particular from the 
Mortoniceras (Subschloenbachia) perinflatum Zone. It is probable, however, that the whole Vraconnian is represented 
in the Vouziers gaize which merits detailed study in the future. 
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4.8. The Vraconnian at Grandpré (Argonne, 
France)  

The Vouziers Gaize 
Located above the Greensands of the Lower 

Albian and the clays of the Gault facies of the 
Middle Albian, the Vouziers Gaize 
(Montblainville Gaize and Argonne Gaize are 
junior synonyms) is a thick formation developed 
some sixty kilometers on both sides of 
Grandpré along the eastern margin of the 
Anglo-Paris basin (BARROIS, 1874, 1878; 
AMÉDRO, 1985). At Grandpré the Vouziers Gaize 
is 80 m thick, but its maximum thickness is 20 
km farther south, at Islettes, 110 m (BARROIS, 
1874) see Fig. 18. According to ROBASZYNSKI 
(1980) it is "a porous rock, light in weight when 
dry, slightly calcareous and sandy, with 
scattered glauconite, comprised mainly of 
sponge spicules (bio-arenite)". BARROIS (1878) 
reports a bed of phosphate nodules 10 m above 
the base of the Gaize Formation. In the past 
this level was well exposed near Grandpré, at 
Talma. The geometry of the sedimentary body 
is relatively well understood thanks to BARROIS's 
XIXth century work, but there is no recent 
detailed description of the lithologic succession. 
The section from the trenches along highway A4 
south of Grandpré published by FAUVEL (1984) is 
difficult to interpret for no macrofauna is 
reported from there. However, the Vouziers 
Gaize is interesting because of its 
ammonitologic content, and in particular owing 
to the richness of its Vraconnian fauna, which 
need not envy Cambridge's. 

The old determinations of the ammonites of 
the Vouziers Gaize kept in the BARROIS collection 
of the Gosselet museum in Lille were revised by 
AMÉDRO (1985). Most of the collection comes 
from three discrete stratigraphic horizons (Fig. 
18), from bottom to top: 

- the phosphatic level at Talma containing 
Beudanticeras beudanti (BRONGNIART), 
Anahoplites planus (MANTELL), Metaclavites 
compressus (PARONA et BONARELLI), M. trifidus 
(SPATH), Prohysteroceras (Goodhallites) 
goodhalli (SOWERBY), P. (G.) delabechei SPATH, 
Mortoniceras (Deiradoceras) sp., Hamites 
maximus SOWERBY, H. intermedius SOWERBY and 
Actinoceramus sulcatus (PARKINSON), an 
association found at the base of the Upper 
Albian Mortoniceras (Mortoniceras) pricei IZ; 

- the "coquins" (= nodules) of the Grandpré 
Gaize in which are some of the elements of the 
top of the M. (M.) pricei IZ: Semenovites 
iphitus (SPATH), but also of the M. (M.) inflatum 
IZ with the index of the zone; 

- the "upper" gaize: most of the ammonites 
in the BARROIS collection of the Vouziers Gaize 
are from this level; the list of species is the 
following: Lepthoplites falcoides SPATH, L. 
proximus SPATH, L. gracilis (SPATH), 
Pleurohoplites (Pleurohoplites) renauxianus 
(d'ORBIGNY), P. (Arrhaphoceras) helveticum 

RENZ, Hyphoplites (Discohoplites) coelonotus 
(SEELEY), H. (D.) valbonnensis (HÉBERT et 
MUNIER-CHALMAS), Callihoplites aff. vraconensis 
(PICTET et CAMPICHE), C. aff. acanthonotus 
(SEELEY), Stoliczkaia (Stoliczkaia) cf. dispar 
(d'ORBIGNY), Mortoniceras (Subschloenbachia) 
perinflatum SPATH, Cantabrigites cantabrigense 
(SPATH), Hamites virgulatus BRONGNIART, 
Anisoceras sp. and Idiohamites dorsetensis 
SPATH. This association is characteristic of the 
Vraconnian, and, in particular, of the M. (S.) 
perinflatum Zone, but the entire Vraconnian is 
probably represented in the Vouziers Gaize. 

Once more, and in a facies different from 
those described up to now, a Vraconnian of 
remarkable thickness appears in the eastern 
part of the Anglo-Paris basin with an abundant 
and diversified ammonite fauna, very rich in 
Hoplitidae. It is to be hoped that future civil 
engineering, perhaps during construction of the 
high-speed TGV East railroad line will provide 
new opportunities for the study of the Vouziers 
Gaize. 

4.9. The Vraconnian in the Kalaat Senan 
region (central Tunisia)  

Up to now the sections described are all in 
Europe: in the Swiss Jura, the basin of 
southeastern France, and the Anglo-Paris basin. 
The desire to apprehend the Vraconnian in a 
larger frame leads to a description of other 
significant sections throughout the world. 

In North Africa, during the Vraconnian 
central Tunisia was a portion of the southern 
margin of the Tethys. 

The basin map of the Aptian-Albian 
(including the Vraconnian) published by 
BUROLLET (1956) and reproduced as Figure 19 
shows three geographic areas, each with a 
discrete sedimentary history, that from 
southeast to northwest are: 

• an area of reduced sedimentation, located 
east of Kasserine;  

• an intermediate area of moderate 
sedimentation;  

• an area of very active subsidence centered 
at El Kef and that in the southwest extends 
past the Algerian border ("Tunisian 
trough").  

During the XXth century a number of studies 
were undertaken on the middle Cretaceous in 
central Tunisia, including the Vraconnian. The 
principal contributions were by PERVINQUIÈRE 
(1903, 1907), DUBOURDIEU (1953, 1956), 
BUROLLET et alii (1954), BUROLLET (1956), 
BISMUTH (1973), BISMUTH et alii (1981), ZGHAL et 
alii (1996) and MEMMI (1999). They show that 
the region of reduced sedimentation east of 
Kasserine is characterized by the development 
of limestones in platform facies with numerous 
sedimentary discontinuities. In contrast, the 
"Tunisian trough" is the site of a considerable 
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deposit of marls (BUROLLET et alii's (1954) 
Fadhène Formation). The intermediate area 
displays an alternation of limestones and marls. 

For some ten years, due to the initiative of 
F. ROBASZYNSKI (Mons, Belgium), the Kalaat 
Senan region sited in the hinge between the 
Tunisian trough and the intermediate area (Fig. 
19) has been the subject of detailed lithological 
and biostratigraphical investigations, in parti-  
 

cular regarding the construction of parallel 
paleontological scales comparing those of 
ammonites, planktonic foraminifera, and 
calcareous nannoplankton. The data concerning 
the Cenomanian to Maastrichtian stages have 
been published (ROBASZYNSKI et alii, 1990, 1994, 
2000). The Lower Cretaceous (Aptian, Albian, 
Vraconnian) is still being studied. Nevertheless, 
some partial results are already available. 

 

Figure 19: Distribution of areas 
of subsidence in the Aptian-
Albian (including the Vraconnian) 
in central Tunisia, after BUROLLET 
(1956). 

Three geographic areas, each 
with a different sedimentary 
record, can be traced from 
southeast to northwest: 

• an area (or high zone) of 
reduced sedimentation 
(platform facies) east of 
Kasserine;  

• an intermediate, moderately 
subsident area. With marls 
and limestones alternating;  

• an area of active subsidence 
centered on El Kef, which to 
the SW passes the Algerian 
frontier (Tunisian trough).  

 

 

 

In the Kalaat Senan region, the Vraconnian 
has been identified in the middle part of the 
Fadhène Formation (BUROLLET, 1956). Two 
successive overlapping sections: HMA and SMA 
(Fig. 20) between them cover 260 m that 
comprises almost all of the Vraconnian with the 
possible exception of its boundary with the 
Upper Albian s.s.. In this interval, three 
members were used by ROBASZYNSKI et alii 
(1994), from bottom to top: 

• the Mouelha Member: black limestone beds, 
often laminated;  

• the Defla Member: marls;  

• the Azreg Member: limestone beds, marls 
and phosphatic levels.  

The detailed lithological succession and the 
vertical distribution of ammonite genera and 
subgenera collected in the two sections are 
shown in Figure 20 with the addition of some 
specific determination of foraminifera made in 
the field by M. CARON. The presence of 
Rotalipora globotruncanoides (= R. brotzeni) in 
the central portion of the Azreg Member, some 
meters under the appearance of the first 
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Figure 20: Lithology, micropaleontological markers (planktonic foraminifera) and vertical range of ammonite genera 
of the Vraconnian in the vicinity of Kalaat Senan in central Tunisia (after ROBASZYNSKI et alii, 2007) 

Two sections, in succession, HMA and SMA, are correlated faunally and in 260 m cover almost all of the Vraconnian, 
except perhaps near its base, the contact with the Upper Albian s.s.. The lithologic sequence consists of three 
members, from bottom to top according to ROBASZYNSKI et alii (1994): 

• the Mouella Member: beds of black, commonly laminated limestone;  

• the Defla Member: marls;  

• the Azreg Member: limestones, marls and phosphatic levels  

The vertical range of the ammonites show that on the southern margin of the Tethys in North Africa the Vraconnian 
has three ammonites zones as it does in Europe. The only difference is that it is impossible to use Arrhaphoceras 
(Praeschloenbachia) briacensis as the index fossil of the highest zone because the geographic distribution of the 
species is restricted to OWEN's (1973) Hoplitinae faunal province that is the equivalent to KAUFMANN's (1973) North-
western Europe faunal province. An alternative might be the usage of Stoliczkaia (Shumarinaia) africana PERVINQUIÈRE 
already present in the preceding M. (S.) perinflatum Zone, but more abundant in the interval concerned. 
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Figure 21: Paleogeographic 
sketch of Madagascar during the 
Vraconnian, after FÖRSTER (1975). 

The Albian and Vraconnian are 
preserved in a series of coastal 
basins along the west side of the 
island. A paleogeographic recon-
struction shows the shoreline 
passing the existing shoreline 
some 50 to 100 km inland along 
the Mozambique Channel. The 
Diégo well is at the north end of 
Madagascar. 

 

Mantelliceras, Neostlingoceras and Sciponoceras 
permits a fix on the location of the lower 
boundary of the Cenomanian. The Mouelha 
Member contains the planktonic foraminifera 
Biticinella breggiensis and the Defla Member the 
foraminifera Rotalipora appenninica and 
Planomalina buxtorfi, this last association 
characterizing the Vraconnian. As for 
ammonites, all the characteristic traits of the 
Vraconnian are found: abundant and diversified 
associations, with a high proportion of 
heteromorphs (Hamites, Lechites, Anisoceras, 
Idiohamites, Ostlingoceras, Mariella and 
Scaphites) and the presence of ammonites with 
a Tethyan character (Phylloceras, Tetragonites, 
Desmoceras, Puzosia, Engonoceras). Note that 
the collection of several Engonoceras, very 
abundant in southern Tunisia (ABDALLAH & 
MEMMI, 1994), clearly attach the Kalaat Senan 
region to the southern margin of the Tethys. 

From a biostratigraphic standpoint the HMA 
0 - HMA 120 interval is characterized by the 
presence of Mortoniceras (Mortoniceras) fallax. 

The HMA 120-SMA 62 interval includes the 
whole range of the subgenus Mortoniceras 
(Subschloenbachia) and is in the M. (Sub-
schloenbachia) perinflatum Zone. However, as 
no Mortoniceras were collected between levels 
HMA 58 and HMA 120 and because numerous 
Stoliczkaia (Stoliczkaia) occur between levels 
HMA 100 and HMA 120, it is not impossible that 
the base of the M. (S.) perinflatum Zone is a 
little lower, near the HMA 100 level. And the 
interval SMA 62 - SMA 96.50 in which the 
Mortoniceras (Subschloenbachia) and the 
Cantabrigites are no longer present, represents 
the Arrhaphoceras (Praeschloenbachia) bria-
censis Zone of the Boreal realm. As the species 
A. (P.) briacensis is a Hoplitidae, with a 
geographic distribution limited to the North-
western Europe faunal province, its use as a 
zone index cannot be extended to the Tethys. 
Stoliczkaia (Shumarinaia) africana, already 
present in the M. (S.) perinflatum Zone, is 
common, and may be used as an alternative for 
the moment. 
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In sum, the Vraconnian of the Kalaat Senan 
region presents a very important sedimentary 
record, at least 260 m thick and, as in Europe, 
three ammonite zones are identifiable. Undoub-
tedly it is one of the most beautiful sections of 
the Vraconnian currently known. In addition, 
the section appears to include no major 
sedimentary discontinuity. The interval SMA 0 - 
SMA 80 ROBASZYNSKI et alii (1994) interpret as a 
Highstand Systems Tract (HST) and the interval 
SMA 78 - SMA 94 as a shelf margin wedge 
(SMST). When the sequence interpretation of 
the HMA section is completed and the macro- 
and micropaleontologic studies refined, the 
Kalaat Senan area could serve as a reference 
for the Vraconnian of the Tethyan margin in 
North Africa. 

4.10. The Vraconnian in the Diégo well 
(Madagascar) 

The abundance and diversity of the Albian 
and Vraconnian faunas of Madagascar was 
made known by the works of COLLIGNON for 
ammonites (1928-1929, 1932, 1963, 1965b, 
1978b) and by those of SIGAL (1977, 1987) and 
COLLIGNON et alii (1979) for planktonic 
foraminifera and ostracodes. As for strati-
graphy, it was synthesized in a memoir by 
BESAIRIE (1972). Middle Cretaceous stages are 
preserved in a series of coastal basins on the 
west side of Madagascar. The paleogeographic 
reconstruction of the Albian-Vraconnian 
published by FÖRSTER (1975) shows a shoreline 
some 50 to 100 km inland from the present 
coast along the Mozambique channel (Fig. 21). 

A thick Quaternary cover makes its outcrops 
very discontinuous. It is for this reason that 
there is no true surface section of the 
Vraconnian of Madagascar but rather a 
succession of widely separated fossiliferous 
beds put in order, one after the other, in 
accordance with their location and their fossil 
content. The cored Diégo well, at the north end 
of Madagascar, traversed all of the Vraconnian 
and for that reason is of exceptional interest. 
Starting in the Lower Cenomanian and ending 
in the Middle Albian, the well was described by 
BESAIRIE (1972) and studied by COLLIGNON et alii 
(1979). It penetrated 300 m of marls (Fig. 22). 

A certain number of Vraconnian ammonites 
were collected between the depths of 20 and 54 
m: Mortoniceras sp., Stoliczkaia (Stoliczkaia) 
dispar (d'ORBIGNY), Scaphites simplex JUKES-
BROWNE, Lechites gaudini (PICTET et CAMPICHE) 
and Mariella (Mariella) bergeri (BRONGNIART). But 
it was the foraminifera in particular that permit 
the establishment of zonal divisions and a 
delimitation of the Vraconnian. The European 
work group for planktonic foraminifera 
(ROBASZYNSKI & CARON, 1979) using foraminifera, 
accepted the appearance of Rotalipora 
appenninica (RENZ) as a marker of the base of 
the Vraconnian. SIGAL (1977, 1987) too 
accepted this position. Taking this criterion into 

account and recognizing the synonymy of 
Rotalipora praebalernaensis SIGAL, 1969, and 
Rotalipora balernaensis GANDOLFI, 1957, with 
Rotalipora appenninica (RENZ, 1936) in 
ROBASZYNSKI & CARON, 1979, the base of the 
Vraconnian may be placed at 131 m. To the 
extent that the appearance of Rotalipora 
globotruncanoides SIGAL, 1948 = R. brotzeni 
(SIGAL, 1948), at 23 m indicates the base of the 
Cenomanian (kept in force during the "Second 
International Symposium on Cretaceous Stage 
Boundaries", TRÖGER & KENNEDY, 1996) the 
Vraconnian would have a thickness of 108 m in 
the Diégo well. 

4.11. The Vraconnian at Dry Creek 
(California USA) 

Paleogeographic reconstructions of North 
America during the Vraconnian published by 
WILLIAMS & STELCK (1975) and OWEN (1996a) 
show three great domains of sedimentation 
(Fig. 23): 

• the existing coastal band of the Pacific 
ocean;  

• the Gulf of Mexico;  

• the Western Interior of the United States 
and Canada occupied by an interior sea 
called the "Mowrie Sea".  

There is no continuity between the 
Vraconnian formations of the Gulf of Mexico and 
those of the Western Interior, either in outcrop 
or in wells. In addition, the faunas are 
completely discrete and mainly endemic with, in 
the Gulf of Mexico, populations dominated by 
Engonoceras, Mortoniceras (Angolaites) and 
Mortoniceras (Subschloenbachia), see KENNEDY 
et alii (1998). In the Western Interior the 
associations are almost exclusively Neo-
gastroplites (REESIDE & COBBAN, 1960). It is for 
this reason that the idea of a connection, either 
transient or permanent, which was not taken 
into account by WILLIAMS & STELCK (1975) but 
considered by OWEN (1996a), is completely 
speculative. 

Along the western side of the United States, 
Cretaceous sedimentary basins are established 
at the edge of the North American plate along a 
belt that is particularly subsident. Middle 
Cretaceous stages are represented by silts more 
than a thousand meters thick. The best 
outcrops are in northern California, west of 
Redding and Red Bluff, 200 km north of the 
state capital, Sacramento (Fig. 23). For more 
than a half-century the fauna of ammonites and 
foraminifera have been the subject of reports 
and specific collections from scattered outcrops 
("localities") (ANDERSON, 1938, 1958; MURPHY, 
1956; POPENOE et alii, 1960; MURPHY & RODDA, 
1960; MURPHY et alii, 1964, 1969; MARIANOS & 
ZINGULA, 1996). All of these studies have 
provided an overall view of the Albian to 
Turonian stages on a regional scale but with no
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Figure 22: The Upper Albian and Vraconnian in the Diégo well (Madagascar). Lithology from BESAIRIE (1972); 
distribution of ammonites and foraminifera after COLLIGNON et alii (1979). 

If the Vraconnian is defined using foraminifera as being the interval between the appearance of Rotalipora 
appenninica and that of Rotalipora globotruncanoides (= R. brotzeni), the position adopted by SIGAL (1977, 1987) 
and by the European working group on planktonic foraminifera (ROBASZYNSKI & CARON, 1979), 108 m of the 
Vraconnian stage were drilled through in the Diégo well, between the depths of 23 and 131 m. As in central Tunisia, 
the Vraconnian is very thick in the Diégo well. 
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Figure 23: Paleogeographic reconstruction of North America during the Vraconnian (after WILLIAMS & STELCK, 1975) 
and the geographic location in northern California of the section studied. 

There is no connection in outcrop or in wells between the Vraconnian formations in the Gulf of Mexico and those of 
the Western Interior that was occupied by an interior sea called the "Mowry Sea". For that reason the idea of a brief 
or permanent connection between them, not considered by WILLIAMS & STELCK (1975) but suggested by OWEN 
(1996a), is completely speculative. 

Along the western coast of the United States the Cretaceous sedimentary basins are sited on the edge of the North 
American plate in a very subsident belt. The best Vraconnian sections are in northern California, west of Redding and 
Red Bluff, some 200 km NW of the state capital, Sacramento. The section studied best at this time is named Dry 
Creek, some 30 km west of Red Bluff. 

 

precise complete section. This lack was partly 
overcome thanks to a description by MURPHY & 
RODDA (1996) of a section that includes the 
upper Vraconnian and its boundary with the 
Cenomanian at Dry Creek, some 30 km west of 
Red Bluff. 

After the MURPHY & RODDA (1996) publication, 
the Dry Creek section has been the subject of a 
new, detailed lithologic investigation made by 
the author in collaboration with Francis 
ROBASZYNSKI (Mons, Belgium) and with technical 
support in the field by American colleagues and 

by complementary collections of the macro-
fauna. The preliminary results are shown in Fig. 
24. The section is 270 m thick and exposes two 
lithostratigraphic units of the Budden Canyon 
Formation, from bottom to top: 

• the upper part of the Upper Chickabally 
Member consisting of silts interbedded with 
pluri-decimetric sandstone beds;  

• the lower part of the Bald Hills Member, 
bounded at the base by a double conglo-
merate above which are two thin levels of 
channeled sandstones.  
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Figure 24: The boundary between Vraconnian and Cenomanian strata in the Dry Creek section (northern California). 
The lithologic survey shown in the figure is the author's, made with the collaboration of F. ROBASZYNSKI (Mons, 
Belgium). The numbering of the sandstone beds is reproduced from MURPHY & RODDA (1996). The ammonite 
distribution uses the author's determinations and the vertical ranges published by MURPHY & RODDA (1996). 
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The distribution of ammonites presented in 
Figure 24 alongside the lithology takes into 
account the vertical ranges published by MURPHY 
& RODDA (1996), but adds new determinations 
made from the complementary collections and 
from material provided by the ANDERSON, MURPHY 
and RODDA collections in the San Francisco 
Academy of Sciences. Its examination calls for 
several comments: 

• Most species have a geographic distribution 
limited to OWEN's (1973) North Pacific 
Faunal Province: Beudanticeras haydeni 
(GABB), Mesopuzosia colusaense 
(ANDERSON), Marshallites cumshewaensis 
(WHITEAVES), Tetragonites rectangularis 
WIEDMANN, Pseudouhligella dawsoni 
(WHITEAVES), P. japonicum (YABE) and 
Anagaudryceras buddha (FORBES). These 
ammonites are interesting from a 
paleogeographic standpoint but do not have 
much biostratigraphic value in the sense 
that for the moment their vertical 
distribution is not calibrated with the zones 
used in Europe that serve as references.  

• Some of the taxons collected from the 152 
m exposed of the Upper Chickabally 
Member: Stoliczkaia (Stoliczkaia) sp., S. 
(S.) dispar (d'ORBIGNY), Mortoniceras 
(Subschloenbachia) perinflatum (SPATH) and 
Lechites gaudini (PICTET et CAMPICHE) 
nevertheless permit recognition of the 
"upper" Vraconnian. The first ammonite 
dating the Cenomanian: Mantelliceras aff. 
saxbii (SHARPE), determined by MURPHY & 
RODDA (1996) under the name Graysonites 
wooldridgei YOUNG, is present in the 
conglomeratic levels at the base of the Bald 
Hills Member.  

• A level with abundant Lower Cenomanian 
ammonites caps the second of the two 
more or less channeled thin sandstone 
bundles near the top of the Bald Hills 
Member. The association collected from this 
bed includes Mantelliceras aff. saxbii 

(SHARPE), Sciponoceras roto CIESLINSKI, 
Hypoturrilites aff. betaitraensis COLLIGNON, 
Mariella oehlerti (PERVINQUIÈRE) and M. gr. 
cenomanense (SCHLÜTER).  

MURPHY & RODDA (1996) considered that the 
conglomerates and the bundles of channeled 
sandstones were connected with the 
development of periodic tectonic and volcanic 
activities along the California coast during the 
Early Cretaceous. The existence of channels at 
the Albian-Cenomanian boundary is known at 
Marcoule in southeastern France and near 
Kalaat Senan in central Tunisia. There, these 
channels are interpreted as having been caused 
by eustatic changes in sea level, as shelf 
margin wedge (SMW laid down during a 3rd 
order marine lowstand). Without denying the 
existence of regional tectonic and volcanic 
influences, it is possible that the origin of 
channeled sandstones at the base of the 
Cenomanian in the Dry Creek section was due, 
at least in part, to a eustatic event. 

In sum, even if only the upper part of the 
Vraconnian crops out at Dry Creek, the section 
is very interesting and records a very thick 
deposit. 

Chapter 5. The Vraconnian from 
1868 to 1963: 

History and vicissitudes of an 
Early Cretaceous 

chronostratigraphic unit 

Some key dates summarize the history of 
the Vraconnian from its creation by RENEVIER in 
1868 up to its suppression from the 
international geological calendar during the 
Conference on the Lower Cretaceous held in 
Lyon in 1963. They permit the evolution of 
knowledge regarding this chronostratigraphic 
subdivision to be retraced. 

 

 
.../... 

The Dry Creek section is 270 m thick and cuts across a part of two members of the Budden Canyon Formation, from 
bottom to top: 

• the upper part of the Upper Chickabally Member, consisting of silts interbedded with pluri-decimetric sandstones;  

• the lower part of the Bald Hills Member. It is bounded at the bottom by a double conglomerate and above it are 
two levels of thin beds of channeled sandstones.  

The table of ammonite distribution shows that the first species dating the Cenomanian: Mantelliceras aff. saxbii 
(SHARPE) was collected from the conglomeratic levels at the base of the Bald Hills Member. 

The association identified below, in the Upper Chickabally Member, contains a majority of ammonites of which the 
geographic distribution is confined to the North Pacific Faunal Province: Beudanticeras haydeni (GABB), Mesopuzosia 
colusaense (ANDERSON), Marshallites cumshewensis (WHITEAVES), Tetragonites rectangularis WIEDMANN, Pseudo-
uhligella dawsoni (WHITEAVES), P. japonicum (YABE) and Anagaudryceras buddha (FORBES). These ammonites are 
interesting from a paleobiogeographic standpoint, but have little biostratigraphic value. On the other hand, the 
presence of Stoliczkaia (S.) dispar (d'ORBIGNY), Mortoniceras (S.) perinflatum (SPATH) and Lechites gaudini (PICTET et 
CAMPICHE) permit the recognition of the "upper" Vraconnian. Even if but the upper part of the Vraconnian crops out at 
Dry Creek, the section shows a very important record of sedimentation. 
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1868: RENEVIER creates the Vraconnian 
stage 

The definition of the Vraconnian stage, cited 
and discussed in Chapter 2, is not repeated 
here. 

The creation by RENEVIER (1868) of a new 
chronostratigraphic division intercalated 
between the Albian and Cenomanian stages of 
d'ORBIGNY (1842, 1847) took into account the 
unique character of the abundant ammonite 
fauna of the La Vraconne locality in 
Switzerland, described by PICTET & CAMPICHE 
(1858-1864). For RENEVIER, and according to the 
figures published at the time by SEELEY (1865), 
most of the species are common with those of 
the Cambridge Greensand of England. 

The definition of the Vraconnian is entirely 
paleontologic, and the "Vraconnian fauna" then 
known in Switzerland and England included the 
following species (the determinations listed 
here have been brought up to date): 
Phylloceras (Hypophylloceras) seresitense 
PERVINQUIÈRE, Tetragonites jurinianus (PICTET), 
Puzosia sharpei SPATH, Pleurohoplites 
(Pleurohoplites) renauxianus (d'ORBIGNY), P. 
(Arrhaphoceras) studeri (PICTET et CAMPICHE), P. 
(A.) substuderi SPATH, P. (A.) subtetragonus 
(SPATH),P. (A.) woodwardi (SEELEY), Callihoplites 
seeleyi (SPATH), C. tetragonus SEELEY, C. 
vraconensis (PICTET et CAMPICHE), C. 
acanthonotus (SEELEY), C. cratus (SEELEY), C. 
leptus (SEELEY), C. glossonotus (SEELEY), 
Hyphoplites (Discohoplites) valbonnensis 
(HÉBERT et MUNIER-CHALMAS), H. (D.) subfalcatus 
(SEMENOW), H. (D.) coelonotus (SEELEY), H. 
(Hyphoplites) campichei SPATH, Neophlycticeras 
(N.) blancheti (PICTET et CAMPICHE), N. (N.) 
sexangulatum (SEELEY), Stoliczkaia (Stoliczkaia) 
dispar (d'ORBIGNY), S. (S.) notha (SEELEY), 
Mortoniceras (Mortoniceras) pachys (SEELEY), M. 
(Subschloenbachia) perinflatum SPATH, M. (S.) 
quadratum SPATH, Anisoceras exoticum SPATH, 
A. perarmatum PICTET et CAMPICHE, A. 
pseudoelegans PICTET et CAMPICHE, A. campichei 
SPATH, Idiohamites dorsetensis SPATH, Lechites 
gaudini (PICTET et CAMPICHE), Mariella (Mariella) 
bergeri (BRONGNIART), M. (M.) miliaris (PICTET et 
CAMPICHE), M. (M.) taeniata (PICTET et CAMPICHE), 
M. (M.) nobilis (JUKES-BROWNE), Turrilitoides 
hugardianus (d'ORBIGNY), T. intermedius (PICTET 
et CAMPICHE), Ostlingoceras puzosianum (d'OR-
BIGNY), Pseudhelicoceras elegans (d'ORBIGNY), 
Scaphites hugardianus d'ORBIGNY and Sc. 
meriani PICTET et CAMPICHE. 

From a historical standpoint, it is desirable 
to emphasize that the collections of ammonites 
were taken from condensed sequences. The 
type section of the Vraconnian in the Vaud 
canton of Switzerland is only 2 m thick (RENZ & 
LUTERBACHER, 1965). As for the phosphatic 
nodules in the Cambridge Greensand, they are 
reworked in a glauconitic matrix dated by fora-
minifera as Lower Cenomanian (HART, 1973b). 

1936: BREISTROFFER moves the Vraconnian 
back to the rank of a substage forming the 
upper part of the Albian stage 

Of all paleontologists, BREISTROFFER is 
undoubtedly the one who spent the most time 
studying Vraconnian ammonites, in particular 
those of southeastern France, through a series 
of works done between the years 1936 and 
1965. 

The revision of the JACOB collection which 
includes abundant material from the Fauge 
(Isère) and Briac (Drôme) deposits, an 
examination of the FARAUD collection concerning 
the Salazac (Gard) beds and his personal 
observations led first of all to his recognition of 
two divisions in the Vraconnian: 

• a lower division characterized by several 
markers such as: Neophlycticeras 
(Neoplycticeras) blancheti (PICTET et CAM-
PICHE), Mortoniceras (Mortoniceras) fallax 
BREISTROFFER, Mariella gresslyi (PICTET et 
CAMPICHE) and Turrilitoides hugardianus 
(d'ORBIGNY);  

• an upper division with Stoliczkaia 
(Stoliczkaia) dispar (d'ORBIGNY), Mortonice-
ras (Subschloenbachia) perinflatum (SPATH) 
and Mariella bergeri (BRONGNIART).  

But at the same time, in 1936 BREISTROFFER 
reduced the Vraconnian to the rank of a 
substage, forming the upper part of the Albian 
stage. This proposal made formal an idea 
expressed implicitly by JACOB (1907) who adds, 
in the upper part of the Albian stage, a zone 
VIb with "Mortoniceras inflatum and Turrilites 
bergeri". 

Neither in 1936 nor in 1940a in his "Revision 
of the ammonites of the Vraconnian of Salazac 
and general considerations on this Albian 
substage" did BREISTROFFER give any justification 
for this change in the status of the Vraconnian. 
Nevertheless, the fossiliferous localities cited by 
BREISTROFFER are all condensed levels, most 
often simple beds of phosphate nodules. Levels 
of this kind cannot be mapped either at the 
1/80,000 nor at the 1/50,000 scales used 
successively by the National Geological Service 
in France. It is probable that the impossibility at 
the time of representing the Vraconnian on 
geological maps was one of the reasons for 
BREISTROFFER's proposal. 

1963: the Vraconnian substage is removed 
from the geological calendar during the 
Conference on the Lower Cretaceous held 
at Lyon 

In the 1960's two Conferences were 
organized to take stock of the stages of the 
Upper Cretaceous (Dijon, 1959) then of the 
Lower Cretaceous (Lyon, 1963) in France, with, 
in addition, some specific contributions on 
central Europe, Tunisia, Libya and Madagascar. 
It is in France that most of the Cretaceous 
stages were created by Alcide d'ORBIGNY in the 
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XIXth century, consequently the necessity of an 
updating of knowledge after a century of 
research. 

It was during the Conference on the Lower 
Cretaceous held in Lyon in September 1963 
that a recommendation was made seeking the 
removal of the Vraconnian from the 
international geological calendar. The "death 
certificate" of the Vraconnian was espressed in 
the following terms by COLLIGNON (1965a), 
rapporteur on the Albian stage: "Après des 
discussions passionnées, le Colloque a décidé 
de confondre le Vraconnien de Renevier avec la 
sous-zone supérieure de l'Albien à Stoliczkaia 
dispar". [Trans.]: "After passionate discussions, 
the Conference has decided to merge the 
Vraconnian of Renevier into the Upper Albian 
Stoliczkaia dispar Subzone". Here is the place to 
add the pertinent comment by H. TINTANT which 
closed that discussion: "If it is not a question of 
contesting the individuality of the Vraconnian 
fauna, it seems dangerous to set it up as an 
autonomous substage, that would indeed risk 
confusion as to what one calls the Upper Albian 
and then lead to the creation of one or more 
substages for the remainder of the Albian". 

The list of participants published in the 
proceedings of the 1963 Conference on the 
Lower Cretaceous is instructive in the sense 
that it sheds light on the reason for the vote 
that ended with the recommendation to remove 
the Vraconnian from the geological calendar. In 
all, 94 persons were present at Lyon during the 
discussion on Cretaceous stages of which only 
about ten had had, at that time, a reason to be 
interested in the Albian and Vraconnian. These 
researchers and their fields of study were the 
following: 

• BREISTROFFER (Grenoble, France): ammonites 
of the condensed sequences of the Albian 
and the Vraconnian of southeastern France, 
undoubtedly the best expert on the 
Vraconnian in the world;  

• CASEY (London, U.K.): ammonites of the 
Lower Greensand (Aptian and Lower Albian) 
of southeastern England, with specific 
contributions on Gault and Cambridge 
Greensand faunas (Middle and Upper Albian 
and Vraconnian);  

• COLLIGNON (Moirans, France): Jurassic and 
Cretaceous ammonites of Madagascar with 
descriptions of the beds near Diégo (but no 
section);  

• DESTOMBES (Beauchamp, France): Albian s.l. 
ammonites of the Anglo-Paris basin, with a 
more particular attention on the Lower 
Albian faunas and on the base of the 
stratotype of the Aube;  

• MURPHY (San Francisco, USA): Albian 
ammonites of northern California, but on 
collections made in scattered localities 
without sections;  

• LARCHER, RAT and MALAPRIS (Dijon, France): 
Stratigraphy of the Albian type section. 
Note that at the time only a road cut at 
Saint-Phal, 20 km south of Troyes, exposed 
a few meters of light-colored marls of which 
the washed residues furnished Rotalipora 
appenninica associated with some 
"Flourensina" (LARCHER et alii, 1965; MARIE, 
1965). The first Vraconnian ammonite from 
a measured section in the Aube department 
of France was collected in 1995 by AMÉDRO 
et alii. It was a Callihoplites vraconensis 
(PICTET et CAMPICHE, 1860) var. leptus 
(SEELEY, 1865);  

• SORNAY (Paris, France): ammonites of the 
Cretaceous of North Africa, especially those 
from the Cenomanian and Coniacian of 
Algeria;  

• SIGAL (Vincennes, France): planktonic 
foraminifera from the Cretaceous of North 
Africa, from outcrop and oil wells;  

• BUROLLET (Tripoli, Libya): Cretaceous of 
Libya and more especially Tunisia.  

In sum, knowledge concerning the 
Vraconnian was very limited in 1963, confined 
essentially to the works of PICTET & CAMPICHE 
(1858-1864) and RENEVIER (1868) on the 
Vraconne and Cheville deposits of Switzerland, 
of SEELEY (1865) and SPATH (1933-1943) on the 
Cambridge Greensand of England, of BARROIS 
(1874, 1875, 1878) on the Gaize de Vouziers in 
France, of JACOB (1907) and of BREISTROFFER 
(1936, 1940a, 1947) on the phosphatic levels 
of southeastern France, of SPATH (1923-1943) 
on the Upper Greensand of England, of 
COLLIGNON (1928-1929, 1932, 1963) on the 
beds of Madagascar and of SIGAL (1952) and 
BUROLLET (1956) on the southern margin of the 
Tethys of North Africa. Most of the outcrops 
with abundant Vraconnian ammonites known at 
the time were condensed (La Vraconne, 
Cheville, Cambridge, Salazac, la Fauge, Briac, 
...) or just scattered beds (Diégo). From 
another side, micropaleontology, then very 
promising, had not yet reached the stage of 
constructing detailed biostratigraphic scales 
calibrated with ammonite zones. These are 
undoubtedly the principal reasons why in 1963 
the Vraconnian was abandoned as a 
chronostratigraphic unit. However, at the 
Conference on the Lower Cretaceous, BUROLLET 
& MANDERSCHEID (1965) had already presented 
an isopach map of the Albo-Aptian of Tunisia 
with thicknesses greater than 100 to 1,500 m in 
the pelagic facies of the Tunisian trough, and 
including a Vraconnian several hundred meters 
thick. A few years later MOULLADE (1966), who 
had been present at Lyon, published his thesis 
on the Lower Cretaceous of the Vocontian 
trough in which the Vraconnian is at least 150 
m thick. A later meeting of the Conference on 
the Lower Cretaceous might have arrived at a 
different vote about the status of the 
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Vraconnian. A positive indication of this 
tendency is the continued use of the term in 
numerous later publications, in particular those 
by RENZ (1968) and RENZ & JUNG (1978) in 
Switzerland, LUPU (1978) in Rumania, COLLIGNON 
et alii (1979) in Madagascar [nevertheless, 
COLLIGNON was the "rapporteur" of the Albian 
stage in 1963!], SCHOLZ (1979) in Hungary, 
BRÉHÉRET (1997) and FERRY (1999) in 
southeastern France, MEMMI (1999) in Tunisia, 
... 

Chapter 6. The Vraconnian in 
2008: A chronostratigraphic unit 
with all the properties of a true 

stage 

The data furnished by the sections analysed 
in Chapter 4 provide an up-to-date picture of 
the Vraconnian in 2008. Their main points are 
as follows. 

6.1. The Vraconnian often presents a thick 
sedimentary record 

If, historically, the first Vraconnian sections 
studied were very thin it was because they were 
condensed levels in which were concentrated 
rich and diversified macrofaunas. For example, 
such is the case at La Vraconne in Switzerland, 
where the type section is but 2 m thick. In the 
same way, the "main" level at Salazac in the 
Gard of France, with Mortoniceras (M.) fallax 
and Neophlycticeras (N.) blancheti, is reduced 
to less than 3 m of glauconitic sandstone with 
phosphate nodules. 

The current image of the Vraconnian is very 
different as the thicknesses measured in the 
sections reviewed above show. A list of them is 
as follows: 

• Salazac (Gard, France): about 35 m;  

• Marcoule (Gard, France): 334 m in well 
MAR 203, 303 m in well MAR 402;  

• Mont-Risou (Drôme, France): 145 m 
according to BRÉHÉRET (1997), 220 m 
according to PARIZE et alii (1998);  

• Folkestone (Weald, U.K.): 14.70 m (the 
total thickness of the clays in a Gault facies 
representing the Middle Aptian, the Upper 
Albian s.s. and the Vraconnian, 38.70 m);  

• Merstham (Weald, U.K.): 12.30 m  

• Harchies (Hainaut, Belgium): 40.70 m;  

• Strépy (Hainaut, Belgium): 40 m;  

• Grandpré (Ardennes, France): difficult to 
estimate because of the age of the 
collections, but probably more than 50 m;  

• Kalaat Senan (central Tunisia): 260 m;  

• Diégo (Madagascar): 108 m if Rotalipora 
appenninica is taken as a marker of the 
base of the Vraconnian; 157 m if the 
appearance of Rotalipora ticinensis is 
considered a valid marker  

In all the sites, the sedimentary record is 
significant and often very important. 

6.2. The Vraconnian can be mapped 
Never having been considered a complete 

discrete, full-fledged stage throughout the XXth 
century, the Vraconnian was not mapped in 
France or elsewhere. The thicknesses measured 
in the sections described here suggest that such 
a step may be entirely possible in the future. An 
example illustrates this matter. 

In practice in the field stages have diverse 
lithologies that make them mappable. OWEN's 
minutiose studies (1976, 1996a) in 
southeastern England showed the isochronism 
of the Upper Greensand across the Weald and 
dated the Vraconnian formation precisely. 
There, the Upper Greensand is 15 to 20 m 
thick. The map of the formation that OWEN 
published (1976) is reproduced in Figure 25 and 
clearly depicts the contours of the Vraconnian 
from Eastbourne in the south to Sevenoaks in 
the north, even on a small scale. This 
potentiality of mapping is a plus for considering 
the Vraconnian as a discrete, unique unit (Note 
that between Sevenoaks and Folkestone the 
Vraconnian is in a Gault facies and could not be 
mapped as such. It concerns beds XII and XIII 
of Folkestone, see Fig. 14). 

6.3. The Vraconnian shows a double 
eustatic event (a third order cycle and the 
peak of transgression in a second order 
cycle) 

The Vraconnian is represented by condensed 
levels in France in the northern Alps (DELAMETTE, 
1989), in the Jura of Switzerland (DELAMETTE et 
alii, 1997), in a large part of central Europe in 
Poland (LUPU, 1978; MARCINOWSKI & WIEDMANN, 
1990) in Hungary (SCHOLZ, 1979), in Bulgaria 
(IVANOV & STOYKOVA, 1990; KUTEK & MARCINOWSKI, 
1996), in Russia (BARABOSHKIN, 1996), in Crimea 
(MARCINOWSKI & NAIDIN, 1976) and as far as the 
Caspian sea in the Mangyshlak mountains of 
Kazakhstan (MARCINOWSKI et alii, 1996). The 
presence of abundant glauconite and phosphate 
in these condensed levels has often led to an 
interpretation of the Vraconnian as evidence of 
a generalized regressive tendency before the 
great Cenomanian-Turonian transgression. The 
levels involved are in fact platform deposits that 
lie on Albian formations from which they are 
separated by a discontinuity. The expanded 
sections described here were studied using the 
concepts of sequence stratigraphy developed by 
VAIL et alii (1987). They provide a completely 
different image of the Vraconnian. 
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Figure 25: Map of the Gault and the Upper Greensand of the Weald (U.K.) after OWEN (1976). 

In the field, the stages have discrete lithologies that make them mappable. OWEN's studies (1976, 1996a) showed 
that the Upper Greensand is isochronous across the Weald of southeastern England and dated it Vraconnian. Here 
the Upper Greensand is from 15 to 20 m thick. The map of the formation shown in Figure 25 after OWEN (1976) 
makes it possible to visualize perfectly the contours of the Vraconnian from Eastbourne in the south to Sevenoaks in 
the North, even on a small scale map. This possibility of mapping is a positive element for considering the Vraconnian 
as a discrete, full-fledged stage (NB: Between Sevenoaks and Folkestone the Vraconnian is in a Gault facies and 
OWEN did not map it. It involves beds XII and XIII of Folkestone. 

Three representative sections are illustrated 
in Figure 26 : Marcoule, in the southeastern 
basin of France on the north margin of the 
Tethys, Folkestone and Harchies in an intra-
cratonic basin of the Anglo-Paris basin. This 
figure shows in all three the superposition of 
several sedimentary wedges. 

• Transgressive Systems Tract (TST)  

At Marcoule (and at Salazac) as at 
Folkestone, the Vraconnian starts at the base 
with a bed of phosphatic nodules, above which 
important changes occur in the ammonite 
populations. At both sites the phosphate 
nodules are included in glauconitic sediments, 
sandstones of the Valbonne Formation at 
Marcoule, bed XII at Folkestone. 

At Marcoule, above these sandstones, an 
anoxic, black laminated shale facies began to 
develop before the transgression reached its 
maximum. At Folkestone the Maximum Flooding 
Surface is located in the lower part of bed XIII, 
where there is a strong concentration of 
planktonic foraminifera, in particular, large 
Globigerinelloides bentonensis (HART, 2000). 

The sedimentary environment at Harchies in 
the Mons basin is somewhat different, but at 
the base of the Bracquegnies Formation is a 
conglomerate capped by glauconitic sands. 

• Highstand Systems Tract (HST)  

The silty shales of the middle member of the 
Marcoule Formation and to a lesser extent bed 
XIII of Folkestone and the Bracquegnies 
Formation have an abundant macrofauna, 
especially rich in ammonites. At Marcoule the 
maximum drowning took place in the lower 
quarter of the middle member of the Marcoule 
Formation in which the sand content is minimal. 
The first levels with glauconitic sand in the 
upper member of that formation announce the 
beginning of a regressive tendency. 

• Shelf Margin Wedge (SMW)  

On the platforms, the continental margins 
and intra-cratonic basins like the Anglo-Paris 
basin, the lowstands in marine levels generally 
leave no trace in the sedimentary record and 
correspond with important gaps in that record. 
That is the reason why at Folkestone and at 
Harchies a hiatus separates the Vraconnian and 
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Cenomanian formations. On the other hand 
such is not the case at Marcoule where the 
accentuation of the regressive tendency is 
shown by the presence, in the lower half of the 
upper member of the Marcoule, of coarse 
glauconite, cross-bedding, much bioturbation 
and dynamic figures. A shelf margin wedge 
(SMW) comparable to that at Marcoule is 
preserved in the basin facies on the southern 
margin of the Tethys at Kalaat Senan in central 
Tunisia (ROBASZYNSKI et alii, 1994). 

The curve of eustatic variations in sea level 
drawn on Figure 26 shows definitely that the 
whole of the Vraconnian is within a third order 
cycle. This assertion adds to the interpretations 
proposed previously by AMÉDRO (1992) and HART 
(2000) in the Anglo-Paris basin, GRÄFE (1994) in 
northern Spain and IMMENHAUSER & SCOTT (1999) 
on a planetary scale. In this setting the 
condensed glauconitic levels laid down on the 
platforms of the Haute-Savoie, in Switzerland 
and in central Europe may be interpreted as 
Transgressive Systems Tracts (TST) followed or 
not by small Highstand Systems Tracts (HST). 

On a larger scale, the base of the Vraconnian 
is coincident also with the peak of the 
transgression of the 15th second order cycle 
identified by JACQUIN et alii (1998) in the Lower 
Cretaceous of western Europe. Thus the 
Vraconnian is associated with a global eustatic 
event forming a part of the great Cretaceous 
transgression that began during Early Aptian 
times and reached its apogee at at the 
Cenomanian-Turonian boundary (HARDENBOL et 
alii, 1998). 

Figure 27 is an attempt to make a 
paleogeographic map of the world during the 
Vraconnian. The placement of the continents is 
that established by SMITH & BRIDEN (1977), as 
modified by SMITH et alii (1994). The paleo-
geographic contours are drawn using data 
published by WILLIAMS & STELCK (1975), SMITH et 
alii (1994) and OWEN (1996b). The recon-
struction offered shows no spectacular changes 
from that of Albian paleogeography, but shows 
a progressive displacement of shorelines within 
the frame of the great Cretaceous 
transgression. Two points are worth men-
tioning: 

(i) It appears that in North America the 
interior sea ("Mowrie Sea") of the Western 
Interior of the United States and Canada on one 
side and the Gulf of Mexico on the other had 
not yet connected. There is no outcrop 
continuity and the ammonite faunas are totally 
different with, in the North, associations almost 
exclusively of Neogastroplites (REESIDE & COB-
BAN, 1960), and, in the South, associations 
dominated by Engonoceras, Mortoniceras 

(Angolaites) and M. (Subschloenbachia) 
(KENNEDY et alii, 1998). The migration of Meten-
gonoceras during the Early Cenomanian from 
the Gulf of Mexico to the Western Interior sea is 
the first proof of a connection between the two 
domains of sedimentation (COBBAN & KENNEDY, 
1989). 

(ii) On the other hand, the most notable fact 
is that during the Vraconnian communication 
between the North Atlantic and South Atlantic 
broadened. The first signs of an opening date 
from the middle of the Upper Albian (appro-
ximately in the Mortoniceras (M.) pricei of AMÉ-
DRO's 1992 ammonite zone) with the presence 
in common between Venezuela in the North and 
the coastal basins of southern Africa of 
Mortoniceras (Mortoniceras) pricei (SPATH), M. 
(M.) arietiforme (SPATH), M. (Deiradoceras) 
devonense SPATH, Hysteroceras carinatum 
SPATH, H. orbignyi (SPATH), ... (KENNEDY & 
COOPER, 1975). But it was in the Vraconnian 
particularly that the exchange of faunas become 
important with an extensive geographic 
distribution into Texas and from Mexico to 
Brazil, Nigeria, Angola and South Africa of 
numerous species, among them Anisoceras 
perarmatum (PICTET et CAMPICHE), A. arrogans 
(GIEBEL), A. jacobi BREISTROFFER, Mortoniceras 
(Subschloenbachia) perinflatum (SPATH) and 
Stoliczkaia (Shumarinaia) africana PERVINQUIÈRE 
(KENNEDY & COOPER, 1975). 

6.4. The Vraconnian is a period of ecologic 
macrofaunal and microfaunal blooms 

The inventory of ammonite species identified 
in northwestern Europe leads to a count of at 
least 127 taxons in the three Vraconnian 
biozones, and 345 in the fifteen odd zones in 
the remaining Albian s.s.. The comparison of 
diversifications shows that over all the 
ammonite zones contain 75% more species 
than those of the Albian s.s.. On another side 
the Vraconnian is also characterized by a 
sudden proliferation of heteromorphs, their 
content rising from 7% to more than 60% with 
a profusion of Hamites, Idiohamites, Aniso-
ceras, Lechites, Turrilitoides, Mariella and 
Ostlingoceras. The origin of this ecologic event 
is not as yet elucidated, but perhaps it is 
related to the rise in sea level discussed in the 
preceding paragraph? In addition, this 
momentary rise in sea level is responsible for 
the migratory flux, with the dispersion of 
Tethyan faunas into both the Boreal realm and 
the south temperate realm. 

The ecologic bloom is not limited to am-
monites but involves other paleontologic groups 
like the planktonic foraminifera, for example. 
Their presence, often modest in the Albian s.s. 
is more important during the Vraconnian, in 
particular with a bloom of Rotalipores. 
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Figure 26: Sequential interpretation of the Vraconnian. 

In the three representative sections illustrated, the Vraconnian begins with glauconitic levels bounded at their base 
by a bed of phosphatic nodules or by a conglomerate. This is a Transgressive Systems Tract (TST). Above, the High-
stand Systems Tract (HST) encloses an abundant macrofauna, most often rich in ammonites. 

At Marcoule the upper portion of this highstand wedge contains the first glauconitic sandstone levels that announce 
the beginning of a regressive tendency. On the platforms or on intra-cratonic basins like the Anglo-Paris basin, the 
marine low levels do not deposit sediments and are represented by important gaps. That is the reason why a hiatus 
separates the Vraconnian and Cenomanian formations at Folkestone and Harchies. Such is not the case at Marcoule 
where the stressing of the regressive tendency causes the deposition of a shelf margin wedge (SMST) marked by the 
occurrence of coarse glauconitite, of beds with oblique bedding and of dynamic structures with much bioturbation. All 
in all, the curve of the eustatic variations of the marine level show that the Vraconnian is completely within a 3rd 
order cycle. 
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Figure 27: Attempt at a paleogeo-
graphic reconstruction of the world 
during the Vraconnian. Position of the 
continents is that established by 
SMITH & BRIDEN (1977) as modified by 
SMITH et alii (1994). Paleogeographic 
contours were drawn using 
information published by WILLIAMS & 
STELCK (1975), SMITH et alii (1994) 
and OWEN (1996b). 

The proposed reconstruction evinces 
no spectacular changes from Albian 
paleogeography but rather shows a 
progressive change in shorelines in 
connection with the great Cretaceous 
transgression. Note that in North 
America there does not seem yet to 
have been relations between the 
interior sea (Mowry Sea) and the Gulf 
of Mexico. On the other hand, 
communications between the North 
and South Atlantic were enlarged. 
Thereby, ammonite faunas in Texas 
and Mexico have close affinities with 
those of Brazil, Nigeria, Angola and 
South Africa. 

 

 

 

6.5. The duration of the Vraconnian is the 
same as that of the Santonian stage 

The most recent radiometric scales published 
by OBRADOVICH (1993), GRADSTEIN et alii (1994), 
HARDENBOL et alii (1998) and REMANE (2000) give 
the Albian s.l. a length of between 13.3 ± 0.2 
Ma and 13.5 ± 0.2 Ma (Fig. 28). With the 
Campanian pegged at 12.2 Ma, the Albian is the 
longest stage in the Cretaceous system. The 
base of the Cenomanian that OBRADOVICH (1993) 
dated as 98.5 Ma is now by international 
consensus set at 98, 9 Ma (GRADSTEIN et alii, 
1994; HARDENBOL et alii, 1998; REMANE, 2000). 
On the other hand, there is no precise 
radiometric date for the lower boundary of the 
Vraconnian. 

Fortunately, there is another way to 
calculate with good precision the length of the 
Vraconnian: cyclostratigraphy. The marl-
limestone alternations seen in the Vocontian 
trough or those of sandstone-silty shale in the 
Marcoule wells of southeastern France reflect a 
periodic shift in the deposits These elementary 
oscillations in the sedimentary record appear to 
be linked to MILANKOVITCH (1920) cycles and 
more exactly should be the expression of 
equinoctial precession cycles lasting from 20 to 
22,000 years (GALE, 1990; FIET, 1998). Using 
these methods the cyclostratigraphic study of 
the "Marl with Fucoides" of the Marches-Ombria 
basin of central Italy by FIET et alii (1998) led to 
cutting the succession into 21 ka cycles and so 
to estimate the length of the Albian s.s. stage 

at 10.8 ± 0.2 Ma and in it that of the Vracon-
nian as 2.4 ± 0.2 Ma. 

In relation to the results obtained by radio-
metric dating the duration of the Albian s.l. 
appears to be underestimated. It is not a 
question of method, but of a difference in the 
interpretation of the Aptian-Albian boundary. In 
central Italy the base of the Albian is taken at 
the bottom of a black shale level marking the 
anoxic event OAE 1b (LARSON et alii, 1993). This 
is the Paquier level of the Vocontian trough of 
southeastern France (BRÉHÉRET, 1988, 1997) at 
the base of which appears the ammonite 
Leymeriella (Leymeriella) tardefurcata (d'ORBI-
GNY). But the base of the Albian stage accepted 
provisionally by the Symposiums on the boun-
daries of Cretaceous stages, at Copenhagen in 
1983 (BIRKELUND et alii, 1984) and in Brussels in 
1995 (HART et alii, 1996), is placed two 
ammonite zones lower, at the base of the 
Leymeriella (L.) schrammeni Zone. 

On the other hand, the proposed duration of 
the Vraconnian, 2.4 Ma, seems completely 
satisfactory and matches exactly the results 
obtained from the gamma-ray logs of the Mar-
coule wells of southeastern France (BEAUDOIN et 
alii, 1998). The cyclostratigraphic analysis of 
the Vraconnian succession in the Marcoule wells 
did indeed give the Vraconnian an estimated 
length of 2.4 Ma. 

Note that in a recent work FIET et alii (2001) 
extend the length of the Vraconnian to 3.4 ± 
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0.2 Ma by making the base of the chronostra-
tigraphic unit coincide (following the proposal 
by PARIZE et alii, 1998) with the base of the 
Rotalipora subticinensis Zone of planktonic fora-
minifera in the Vocontian basin of southeastern 
France. The discussion developed in paragraph 
4.4 of the present work concerning the Vracon-
nian of Mont-Risou concluded that the changes 
proposed by PARIZE et alii (1998) in the 
stratigraphic system of the Vraconnian and in 
the calibration of ammonite zones with those of 

the planktonic foraminifera are not proven. In 
the current state of knowledge, the appearance 
of Rotalipora appenninica is the most satisfacto-
ry solution to the problem of locating the base 
of the Vraconnian: use planktonic foraminifera. 

The length of the Vraconnian (2.4 Ma), is in 
fact comparable to those of the Coniacian (3.3 
Ma) and Santonian (2.3 Ma) which are recogni-
zed unanimously as discrete, full-fledged stages 
by the international geological community. 

 

 

Figure 28: Radiometric datings for the boundaries of the Albian to Campanian stages by OBRADOVICH (1993) and by 
GRADSTEIN et alii (1994). A comparison of these time scales shows a great similarity in their results, in particular that 
of the duration of the Albian s.l. stage which is between 13.3 and 13.5 Ma, that makes it the longest in the Creta-
ceous System. 

In the right-hand column, the ages indicated by BEAUDOIN et alii (1998) are extrapolated by a cyclostratigraphic 
analysis of the "Fucoid Marls" of the Marches-Umbrian basin in central Italy, starting with the lower boundary of the 
Cenomanian placed at 98.9 Ma. 

The cyclostratigraphic study of the "Fucoid Marls" and of the Marcoule Formation in southeastern France assigns the 
Vraconnian a length of 2.4 ± 0.2 Ma that sets the base of the Vraconnian at 101.3 Ma. If the Vraconnian stage were 
retained in the international geological calendar the duration of the Albian s.s. would be reduced to 8.4 Ma. 
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Chapter 7. Proposal for a 
Vraconnian Stage 

Ever since the concept was formulated by 
d'ORBIGNY in the XIXth century, stages are, in 
French stratigraphic culture and in general in all 
Latin-based scholarships, the most commonly 
employed of the chronostratigraphic units. They 
are fundamental tools insofar as by their 
hierarchical position and their size they meet 
local and regional needs as satisfactorily as 
they meet the requirements for correlation on a 
planetary scale (REY, 1997). 

Created by Alcide d'ORBIGNY in 1842 in the 
Aube Department of France, the Albian stage 
with an estimated length between 13.3 ± 0.2 
and 13.5 ± 0.2 Ma is the longest in the 
Cretaceous system. But today, the highest part 
of the Albian stage s.l., that was separated 
under the name Vraconnian stage in 1868 by 
RENEVIER after a rich deposit at La Vraconne in 
the Swiss Jura, then in 1936 reunited with the 
Albian by BREISTROFFER and then removed from 
the international geological calendar at the time 
of the Conference on the Lower Cretaceous in 
Lyon in 1963 (COLLIGNON, 1965a) presents a 
convergent assemblage of criteria that together 
permit it to be regarded as a discrete, full-
fledged stage. 

These positive arguments are: 

• a sedimentary record that is often very 
important, close to or more than 100 m;  

• in many places it can be mapped;  

• it records a double eustatic event (a 3rd 
order cycle and the peak of a second order 
transgression);  

• a ecologic bloom involving both macro- and 
micro- faunas;  

• a duration equivalent to that of a stage like 
the Santonian.  

The majority of these arguments had not 
been highlighted until today, because the 
majority of the studies concerning the 
Vraconnian were carried out in the platform 
environments of northwestern Europe (Haute-
Savoie platform, Helvetic platform, central 
Europe platform, ...). There, Vraconnian forma-
tions are always condensed, and only the 
exceptional abundance of fossils identifies 
them, for none of the other principal charac-
teristics of the Vraconnian appear there. 

To conclude this review, a rehabilitation of to 
the Vraconnian to stage rank is proposed, with, 
as a consequence, a reduction in the duration of 
the Albian s.s. to 10.9 - 11.1 Ma. 

The Vraconnian in 2008 
Boundaries 

The lower boundary of the Vraconnian is 

taken as the first appearance of the ammonite 
Mortoniceras (Mortoniceras) fallax (BREISTROF-
FER). In the future, an alternative solution could 
be the first appearance of another more easily 
identifiable ammonite Neophlycticeras (Neo-
plycticeras) blancheti (PICTET et CAMPICHE). 

The upper boundary of the Vraconnian, that 
is the base of the Cenomanian, coincides with 
the first appearance of the planktonic forami-
nifer Rotalipora globotruncanoides SIGAL (= R. 
brotzeni (SIGAL)). 

Type section 

To satisfy the criteria worked out by the 
International Stratigraphic Commission, any 
section proposed as a candidate for the 
definition of the boundary of a stage should be 
thick, be without important discontinuities, be 
easy to access, be permanent and fossiliferous. 
For the moment, none of the sections reviewed 
here satisfy all these criteria. But two outcrops 
now being investigated seem to have a good 
potential: Mont-Risou in the southeast basin of 
France where the lower boundary of the 
Cenomanian has already been defined (TRÖGER 
& KENNEDY, 1996) and in the vicinity of Kalaat 
Senan in central Tunisia. 

Length of the Vraconnian and the age of 
its boundaries 

Cyclostratigraphic analyses give the 
Vraconnian a duration of 2.4 ± 0.2 Ma. If the 
lower boundary of the Cenomanian stage is 
98.9 Ma the base of the Vraconnian may be 
extrapolated as 101.3 Ma. 

Zonation by ammonites 

In the Vraconnian of northwestern Europe 
three zones of ammonites are currently accep-
ted (Fig. 29) from bottom to top: 

• Mortoniceras (Mortoniceras) fallax Interval 
Zone;  

• Mortoniceras (Subschloenbachia) perinfla-
tum Total Range Zone;  

• Arrhaphoceras (Praeschloenbachia) briacen-
sis Interval Zone.  

The "weakness" of this zonation is the A. 
(P.) briacensis IZ of which the index fossil, a 
Hoplitidae, is confined geographically to OWEN's 
Hoplitinae Faunal Province (1973) that is an 
equivalent of the North European Province of 
KAUFMANN's Boreal Domain (1973), thus 
restricting its usage. An alternate solution to 
this current zonation based on the evolution of 
the cosmopolitan Mortoniceras followed by a 
Hoplitidae with a limited geographic distribution 
may, in the future, be founded on the phyletic 
line of the Stoliczkaiinae, just as cosmopolitan, 
with the succession Neophlycticeras (Neo-
phlycticeras) blancheti, Stoliczkaia (Stoliczkaia) 
dispar, Stoliczkaia (Lamnayella) tetragona or S. 
(Shumarinaia) africana. 
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Figure 29: The Vraconnian stage in 2008. Comparison of the radiometric scale with zonations based on ammonites, 
planktonic foraminifera and calcareous nannoplankton. The lower boundary of the Vraconnian dated at 101.3 ± 0.2 
Ma is taken at the first appearance of the ammonite Mortoniceras (Mortoniceras) fallax (BREISTROFFER). The upper 
boundary, that is the base of the Cenomanian, dated at 98.9 Ma coincides with the first appearance of the planktonic 
foraminifer Rotalipora globotruncanoides SIGAL (= R. brotzeni (SIGAL)). Note: because of a slight offset in the limits of 
the ammonite and foraminiferal zones, the uppermost part of the Arrhaphoceras (Praeschloenbachia) briacensis 
ammonite Zone extends into the Lower Cenomanian. 

Zonation by foraminifera 

The working group on planktonic 
foraminifera retained the appearance of 
Rotalipora appenninica (RENZ) as a marker of 
the base of the Vraconnian, in agreement with 
the ammonite zonation (ROBASZYNSKI & CARON, 
1979). 

Zonation by calcareous nannoplankton 

The works of LARSON et alii (1993) and GALE 
et alii (1996) furnish an up to date picture of 
the distribution of calcareous nannofossils 
through the Albian, Vraconnian and Cenoma-
nian. As speciation is slow in calcareous nanno-

plankton, the zones defined are quite large with 
respect to those of ammonites or foraminifers. 
The only notable event is the appearance of 
Eiffellithus turriseiffeli (DEFLANDRE) immediately 
under the BREISTROFFER level (Anoxic Oceanic 
Event 1C). that is to say around the boundary 
between the M. (S.) perinflatum and A. (P.) 
briacensis ammonite zones. 

In conclusion, the image of the Vraconnien 
in 2008 is completely different from that 
described by RENEVIER in 1868 at the time of 
creation of his Vraconnian stage, an image that 
was perpetuated until the end of the 60's. 
Today, it seems that the Vraconnian amply 
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merits rehabilitation to stage rank and to 
appear again in the international geological 
calendar. That would be a revenge for a forget-
fulness by the history of science, but also a 
fruitful subject for future studies. 
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Plate 1: Zonal index ammonites of the Vraconnian. 

Fig. 1.- Mortoniceras (Mortoniceras) fallax (BREISTROFFER); holotype [with three tubercles per side, where the 
lateral tubercle is always prominent], from the Cambridge Greensand (U.K.) Sedgwick Museum collection, n° SMC 
B56, "lower" Vraconnian, of the M. (M.) fallax IZ (copied from LATIL, 1994a, Pl. 3, fig. 1). 

Fig. 2.- Stoliczkaia (Stoliczkaia) dispar [with large straight ribs, flattened at mid-flank, lack of the siphonal 
tubercle, and with a compressed axial section], from la Fauge, Isère (France), Sorbonne collection, Paris, n° A860, 
"upper" Vraconnian, (copied from WRIGHT & KENNEDY, 1994, p. 571, Fig. 14.n-c). The Vraconnian is often referred 
to as the Stoliczkaia dispar Zone auct.. This presumption of equivalence is in fact abusive because the vertical 
range of the species is limited to the Mortoniceras (Subschloenbachia) perinflatum TRZ, that is to the base of the 
"upper" Vraconnian. 

Fig. 3.- Mortoniceras (Subschloenbachia) perinflatum (SPATH); holotype [with a thick whorl section and 4 tubercles 
per rib], from La Vraconne in the Vaud canton (Switzerland), Mus. Hist. Nat. Genève collection (copied from 
WIEDMANN & DIENI, 1968, Pl. 14, fig. 4). 

Fig. 4.- Stoliczkaia (Shumarinaia) africana (PERVINQUIÈRE); paralectotype [with a compressed whorl section and 
strong ribs bearing well developed ventro-lateral tubercles on the phragmocone], from Jebel Zrissa, (Tunisia), 
PERVINQUIÈRE collection, housed in the Sorbonne, Paris, "upper" Vraconnian (copied from WRIGHT & KENNEDY, 1994, 
p. 553, Fig. 3.v-w). S. (Shumarinaia) africana occurs in the M. (S.) perinflatum TRZ, but is especially common on 
the northern margin of the Tethys in the interval equivalent to the A. (P.) briacensis IZ of the northern European 
province of the Boreal realm. In the future, this taxon could constitute an alternative solution to index the upper 
division of the Vraconnian in the Tethyan realm. 

Fig. 5.- Arrhaphoceras (Praeschloenbachia) briacensis (SCHOLZ) [with a siphonal keel as in Schloenbachia, but like 
A. (Arrhaphoceras) the shell has no lateral tubercles], from Pont-de-Peille in the Alpes-Maritimes (France), 
DELANOY collection, n° 28262, "upper" Vraconnian, P. (A.) briacensis IZ (copied from DELANOY & LATIL, 1988, Pl. 1, 
fig. 3.b-c). 

Fig. 6.- Neophlycticeras (Neophlycticeras) blancheti (PICTET et CAMPICHE); lectotype of Ammonites rhamnonotus 
SEELEY [with tectiform venter, provided with a row of siphonal tubercles even on the body chamber], from the 
Cambridge Greensand (U.K.), Sedgwick Museum collection, n° SMC B 45, "lower" Vraconnian, M. (M.) fallax IZ 
(copied from WRIGHT & KENNEDY, 1994, p. 556, Fig. 6.e-f). In choosing the evolution of the Stoliczkaiinae for a 
phyletic zonation of the Vraconnian, N. (N.) blancheti could replace Mortoniceras (M.) fallax as the index for the 
"lower" Vraconnian. 
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Plate 2: The ammonites and pectens of the "lower" Vraconnian: Mortoniceras (Mortoniceras) fallax IZ of Salazac 
(Gard, France). The assemblage comes from the "principal level" of Salazac. 

Fig. 1.- Merklinia aspera (LAMARCK), coll. FA n° 1201. In the XIXth century, the species was considered as being 
confined to the lower part of the Cenomanian, from which arose the abusive equivalence by RENEVIER (1868) of 
the Pecten asper Zone with the upper part of the Vraconnian. In fact, M. aspera is now known to range up from 
the lower part of the Vraconnian. 

Figs. 2-3.- Mortoniceras (Mortoniceras) fallax (BREISTROFFER) [with 3 tubercles per rib, the lateral tubercle always 
the most prominent], coll. FA n° 1202 (Fig. 2), n° 1203 (Fig. 3). 

Fig. 4.- Lepthoplites cantabrigiensis SPATH [compressed section, with sinuous ribs that arise in groups of 2 or 3 
from umbilical bulla and terminate in tiny crenulations on the ventro-lateral edge], coll. FA n° 1204. 

Fig. 5.- Mariella (Mariella) cantabrigiensis (JUKES-BROWNE) [oblique ribs with 3 rows of rather prominent rounded 
tubercles], coll. FA n° 1205. 

Fig. 6.- Mariella (Mariella) nobilis (JUKES-BROWNE) [with 26-28 flexuous ribs per whorl, each with three rows of 
small tubercles], coll. FA n° 1206. 

Fig. 7.- Lechites gaudini (PICTET et CAMPICHE) [oval section and shell ornamented with simple, oblique ribs, 
narrower than the intercostal spaces], coll. FA n° 1207. 

Fig. 8.- Hyphoplites (Discohoplites) valbonnensis (HÉBERT et MUNIER-CHALMAS) [thick section and widely-spaced 
rather robust falciform ribs], coll. FA n° 1208. 

Figs. 9-10.- Turrilitoides hugardianus (d'ORBIGNY) [rather heavy oblique, flexuous ribs, 24 to 30 per whorl], coll. 
FA n° 1209 (Fig. 9), n° 1210 (Fig. 10). 

Fig. 11.- Cantabrigites picteti RENZ [with parallel sides and straight ribs with an umbilical tubercle and a well-mar-
ked ventro-lateral tubercle], coll. FA n° 1211. 

Fig. 12.- Mortoniceras (Mortoniceras) nanum SPATH [micromorph of Mortoniceras with three tubercles per rib. The 
weakly developed lateral tubercle appear only on the last whorl], coll. FA n° 1212. 

All the specimens are deposited in the AMÉDRO collection in Calais (France). 
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Plate 3: The ammonites of the "upper" Vraconnian: Mortoniceras (Subschloenbachia) perinflatum TRZ and of the 
Lower Cenomanian Mantelliceras mantelli IZ in well 203 at Marcoule (Gard, France). 

Fig. 1.- Schloenbachia varians (SOWERBY) [the keeled shell has well developed ventro-lateral tubercles on the 
lower third of the side], 430.80 m, Lower Cenomanian. 

Fig. 2.- Hyphoplites (Hyphoplites) falcatus (MANTELL) [with very clearly falciform, fine and flattened ribs], 455.85 
m, Lower Cenomanian. 

Figs. 3-5, 8.- Hyphoplites (Discohoplites) coelonotus (SEELEY) [with very fine falciform ribs without ventro-lateral 
tubercles]. 3: 523.38 m; 4: 776.75 m; 5: 664.48 m; 8: 640.05 m, Vraconnian. All four. 

Fig. 6.- Hamites cf. virgulatus BRONGNIART [ribs straight, which are attenuated in the dorsal region], 523.23 m, 
Vraconnian. 

Fig. 7.- Pleurohoplites (Pleurohoplites) renauxianus (d'ORBIGNY) [with flexuous, not lautiform ribs], 581.90 m, 
Vraconnian. 

All of these ammonites are deposited in the core store of ANDRA at Les Ullis (France). 
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Plate 4: The ammonites of the "upper" Vraconnian: Mortoniceras (Subschloenbachia) perinflatum TRZ and Arrha-
phoceras (Praeschloenbachia) briacensis IZ in wells MAR 203 and MAR 402 at Marcoule (Gard, France). 

Fig. 1.- Stoliczkaia (Stoliczkaia) dispar (d'ORBIGNY) [large straight ribs, flattened at mid-flank, 22 ribs in a half 
whorl], MAR 402, 1174.05 m "upper" Vraconnian. 

Fig. 2.- Arrhaphoceras (Praeschloenbachia) briacensis (SCHOLZ), an example of a transitional form to Schloen-
bachia varians (SOWERBY) [the absence of lateral tubercles is a characteristic of Arrhaphoceras, but the sketchy 
keel, perhaps accentuated by the crushing of the shell, shows affinities with Schloenbachia], MAR 402, 1143.63 
m, "upper" Vraconnian, A. (P.) briacensis IZ. 

Figs. 3, 5.- Ostlingoceras puzosianum (d'ORBIGNY) [ribs straight, 3 rows of small tubercles at the base, slightly 
more numerous than those on the ribs], 3: MAR 203 561.54 m, 5: MAR 402, 1241.75 m, "upper" Vraconnian. 

Fig. 4.- Hyphoplites (Discohoplites) cf. coelonotus (SEELEY) [fine ribs, without ventro-lateral tubercles], MAR 402, 
1146.55 m, Vraconnian. 

Fig. 6.- Puzosia (Puzosia) sp., MAR 203, 636.25 m, Albian to Turonian. 

Fig. 7.- Mariella (Mariella) cf. bergeri (BRONGNIART) [four rows of tubercles all with the same number NB: the 
lowest row is not unblocked on the impression illustrated], MAR 402, 1186.05 m, "upper" Vraconnian. 

Fig. 8.- Hyphoplites (Discohoplites) valbonnensis (HÉBERT et MUNIER-CHALMAS) [thick section and ribs quite robust 
and widely spaced], MAR 203, 494 m, Vraconnian. 

All of these ammonites are deposited in the core store of ANDRA at Les Ullis (France). 
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Plate 5: Cenomanian, Vraconnian and Albian ammonites from Harchies well n° 1 in the Mons basin (B). 

Fig. 1.- Schloenbachia varians (SOWERBY) [the keeled shell has ventro-lateral tubercles on the inner third of the 
side], n° HCH3 in the Bernissart Formation, 64.50 m, Lower Cenomanian. 

Fig. 2.- Hyphoplites (Discohoplites) subfalcatus (SEMENOW) [with fine falciform ribs and a sulcate venter], n° 
HCH6, Bracquegnies Formation, 86.10 m, Vraconnian. 

Fig. 3.- Idiohamites sp., n° HCH2, Bracquegnies Formation, 87.1 m, Vraconnian. 

Fig. 4.- Callihoplites vraconensis (PICTET et CAMPICHE) [thick shells, a large ventral region, ribs simple, bifurcate or 
lautiform], n° HCH8 from the Bracquegnies Formation, 87.10 m, Vraconnian. 

Figs. 5, 7.- Hamites virgulatus BRONGNIART [shell with curvilinear coiling and straight, raised ribs], 5: n° HCH4, 
Bracquegnies Formation, 98.40 m; 7: n° HCH1, Bracquegnies Formation, 8.10 m, Vraconnian. 

Fig. 6.- Pleurohoplites (Pleurohoplites) subvarians SPATH [shell compressed and ribs irregularly sigmoid], n° HCH7, 
Bracquegnies Formation, 87.10 m, Vraconnian. 

Fig. 8.- Hoplites (Hoplites) dentatus (J. SOWERBY) [alternating ribs and a large siphonal region], n° HCH0 from the 
Pommeroeul Formation, 204.10 m, Middle Albian. 

Fig. 9.- Lepthoplites cantabrigiensis SPATH [compressed shell with fine falciform ribs starting in bundles of 2 or 3 
from umbilical tubercles and ending with a crenulation on the ventro-lateral edge], n° HCH5, Bracquegnies 
Formation, 102.10 m, Vraconnian. 

Fig. 10.- Anisoceras pseudoelegans (PICTET et CAMPICHE) [ribs fine, some tied to ventral tubercles, the others (ge-
nerally 1 or 2) intercalated], n° HCH9, Bracquegnies Formation, 95.50 m, Vraconnian. 

All the ammonites from the Harchies n° 1 well are deposited in the geology collections of the Polytechnic Faculty 
at Mons (Belgium). 
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Plate 6: Ammonites from the "lower" Vraconnian, Mortoniceras (Mortoniceras) fallax IZ from the boat-lift at Stré-
py-Thieu (Belgium). 

Figs. 1, 3.- Callihoplites tetragonus (SEELEY) [thick shell and lautiform ribs], 1; n° ST2 from the 15 to 25 m; 3: n° 
ST1 from the same interval, Bracquegnies Formation. 

Figs. 2, 5.- Hyphoplites (Discohoplites) valbonnensis (HÉBERT et MUNIER-CHALMAS) [whorl section thick and robust 
well-separated falciform ribs], 2: n° ST3 from the 15 to 25 m interval, 5: n° ST10 from the excavation, 
Bracquegnies Formation. 

Fig. 4.- Callihoplites seeleyi (SPATH) [subhexagonal whorl section, ribs more or less zig-zag and with prominent 
ventral tubercles], n° ST 11 from the 25 to 35 m interval, Bracquegnies Formation. 

Fig. 6.- Callihoplites pulcher SPATH [compressed whorl section, ventral region flattened, and lautiform and sig-
moidal ribs], n° ST 13 from the 25 to 35 m interval, Bracquegnies Formation. 

Fig. 7.- Anisoceras pseudoelegans PICTET et CAMPICHE [fine ribs], n° ST 16 from the 15 to 25 m interval, Bracque-
gnies Formation. 

Fig. 8.- Callihoplites aff. senilis SPATH [compressed section and sides almost parallel, lautiform and sigmoidal ribs 
becoming more and more attenuated on the last whorl of the spire], n° ST 12 from the 25 to 35 m interval, 
Bracquegnies Formation. 

Fig. 9.- Lechites gaudini (PICTET et CAMPICHE) [oval section and simple inclined ribs, narrower than the intercostal 
spaces], n° ST 15 from the 15 to 25 m interval, Bracquegnies Formation. 
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Plate 7: Ammonites from the "lower" Vraconnian, Mortoniceras (Mortoniceras) fallax IZ from the boat-lift at Stré-
py-Thieu (Belgium). 

Mortoniceras (Mortoniceras) fallax (BREISTROFFER) [with three tubercles per rib, and the lateral tubercle always 
prominent], n° ST 17 from the 15 to 25 m interval, Bracquegnies Formation. 
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Plate 8: Ammonites from the "lower" Vraconnian Mortoniceras (Mortoniceras) fallax IZ from the boat-lift at Stré-
py-Thieu (Belgium). 

Mortoniceras (Mortoniceras) aff. fallax (BREISTROFFER) [3 tubercles per rib, with the lateral tubercle always more 
prominent], n° ST 18 from the excavation, Bracquegnies Formation 

The holotype of M. (M.) fallax from the Cambridge Greensand (U.K.), illustrated in Pl. 1, fig. 1 is a phragmocone 
68 mm in diameter with flat, subparallel sides and lateral tubercles sited half-way up the sides. LATIL (1994a, Pl. 
3, fig. 2) figured an adult individual 125 mm in diameter from Salazac (F) of which the inner whorls are identical 
to those of the holotype thus permitting the evolution of ornamentation on the outer whorls to be followed. The 
ribs, at the origin alternating long and short, all become primary, while at the same time the lateral tubercles 
migrate slightly outward and the ventro-lateral tubercles become more prominent. 

The specimens from Strépy (B) photographed here in plates 7 and 8 are large adults (respective diameters 185 
mm and 158 mm). Specimen ST 17 illustrated on Pl. 7 is very like the one from Salazac with only long ribs on the 
last whorl and a tendency for the migration of the lateral tubercle. The specimen ST 18 figured here retains an 
alternation of primary and secondary ribs on the final whorl of the coiling and has sides that are more 
convergent. That is the reason why it is determined simply as M. (M.) aff. fallax (BREISTROFFER). 
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Plate 9: The ammonites of the "lower" Vraconnian from the Mortoniceras (Mortoniceras) fallax IZ found in the 
excavation for the boat-lift at Strépy Thieu (Belgium). 

Fig. 1.- Mortoniceras (Mortoniceras) pachys (SEELEY) [three tubercles per rib with the lateral tubercle always the 
more prominent, fine and closely spaced ribs], n° ST 7 from the 15 to 25 m interval, Bracquegnies Formation. 

Fig. 2.- Cantabrigites subsimplex (SPATH) [ventro-lateral tubercles very distinct and sinuous ribs], n° ST 9 from 
the 15 to 25 m interval, Bracquegnies Formation. 

Fig. 3.- Mortoniceras (Mortoniceras) sp. [the specimen shows affinities to M. (M.) fallax but with an attenuation of 
the lateral tubercle on the final whorl of the spire], n° ST 6 from the 15 to 25 m interval, Bracquegnies Formation. 

Figs. 4-5.- Neophlycticeras (Neophlycticeras) blancheti (PICTET et CAMPICHE) [ventral region tectiform, provided 
with a row of siphonal tubercles, well-marked even on the living chamber], 4: n° ST 5, 5: n° ST8, both from the 
15 to 25 m interval, Bracquegnies Formation. 
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