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The precise chronostratigraphy from the Aptian-Albian boundary to the upper Cenomanian has been
established mainly on the distribution of large benthic Foraminifera and dinocysts. Ammonites are rare,

and nannofossils and planktonic Foraminifera are absent. In this study species with well-known stratigrap-
hic ranges were used and, where possible, reference is made to sequences dated with ammonites. The
upper Cenomanian, the Cenomanian-Turonian boundary and the lower Turonian were studied first in the
ammonite facies, where Choffat at the turn of the century described different species of Vascoceras. The
type sections contain Cenomanian ammonites (Euomphaloceras, Calycoceras and Pseudocalycoceras.
Vascoceras ex gr. gamai appears in the Cenomanian Metoicoceras geslinianum Zone. Above this zone,
Spathites (Jeanrogericeras) subconciliatus marks the Neocardioceras juddii Zone, here placed in the
uppermost Cenomanian. Thus, the lower Turonian is marked by the appearance of Fagesia superstes and
F. thevestensis. The different sections in the rudist facies and ammonite facies are correlated. Only
Radiolites peroni seems to appear in the lower Turonian. The presence of Durania arnaudi in the
Turonian depends on the assignment of the Neocardioceras juddii Zone to the uppermost Cenomanian.
Only the lower part of the Turonian has been identified in Portugal. The stratigraphy of the coarse
sandstones which separate the lower Turonian from the Coniacian horizon with Hemitissotia

ceadourensis, is poorly known.

Pierre-Yves Berthou. Laboratoire de Géologie des Bassins sédimentaires et L.A. 319, Université P. & M.
Curie, tours 14-15, 4 étage, 4 place Jussieu, 75230 Paris cedex OS5, France. February 27th, 1984.

Introduction

The presence of Aptian-Albian, Cenomanian and
Turonian in the Western Portuguese Basin (Fig.
1) has been known since Choffat’s work at the
end of the last century (1885, 1886, 1897a, 1897b,
1898, 1900). Choffat based his datings on the few
ammonite-bearing levels — in the Aptian-Albian
and in the lower and Middle Cenomanian, in
particular — whereas between these beds,
Choffat’s stratigraphy is speculative and often
based more .on lithology than on palaeontology.
Choffat’s stage and substage boundaries of the
Cretaceous are always vaguely stated. His
lithological formations were defined mainly for
mapping purposes and not for chronostrati-
graphical interpretations, and therefore often
transgress stages and substages. In Choffat’s
view, local subdivisions such as ‘“Couches

d’Almargem” or “Bellasien”, the definitions of
which are based on lithology only, are more im-
portant than their chronostratigraphical positions
(Fig. 9).

It has not been an easy task to establish the
precise chronostratigraphy of the middle and up-
per Cretaceous because of the scarceness of am-
monite-bearing levels (also, specimens are rare
and diversity is low) and the lack of planktonic
Foraminifera (except Favusella washitensis) and
nannofossils (except at the level of Neolobites
vibrayeanus). 1 have used species from different
fossil groups, species with well-known strat-
igraphic ranges, often in conjunction with se-
quences dated with ammonites, In addition, cor-
relations were made with DSDP site 398D (leg
47B) on the Vigo Seamount off Portugal (De
Graciansky et al. 1982; Masure & Hasenboehler
1981, in press). In a few cases I have used dino-
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Turonian boundary in the type section with vas-

coceratids.
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Ammonites were used only for the Cenomanian-
formations!

cysts (rarely pollen and spores), Ostracoda, large
benthic Foraminifera, rudists, and echinoids.
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Fig. 2. Albian, Lower and Middle Cenomanian subdivisions and boundaries.
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The Aptian-Albian boundary (Fig. 2)

The lower Aptian marls and limestones are de-
void of ammonites but contain a well-known
Bedoulian assemblage of Foraminifera, with Pa-
lorbitolina lenticularis (Blumenbach), Praeorbito-
lina cormyi-wienandsi Schroeder and Choffatella
decipiens Schlumberger. There is a discontinuity
surface at the top of the lower Aptian and the
uppermost layers are occasionally missing (Mar-
tins Carvalho et al. 1982).

Overlying the lower Aptian, there are conti-
nental and fluviatile deposits, previously assigned
to the upper Aptian (Rey 1972, 1979). It now
appears that these deposits correspond, in part,
to the lower Albian, but it is still not possible to
separate upper Aptian from lower Albian depos-
its (Berthou et al. 1981; Hasenbochler 1981;
Berthou & Hasenboehler in press).

‘Middle and upper Albian (Fig. 2)

The oldest dated deposits of the Albian-Cenoma-
nian transgression are of middle Albian age, ac-

Berthou: Albian-Turonian stage boundaries

cording to the stratigraphic range of the dinocysts
Dinopterygium cladoides Deflandre 1935, Xip-
hophoridium alatum (Cookson & Eisenack
1962), Exochosphaeridium(?) truncatum (Davey
1969) (Verdier 1975; Fauconnier 1977; Davey
1979; Foucher 1981). These dinocysts occur in
both facies of the Middle Albian, viz. marine,
shallow-water limestones and marls and deltaic
sandstones, shales and silts, respectively (Hasen-
boehler 1981; Berthou & Hasenboehler in press).
The same assemblage (except Exochosphaeri-
dium(?) truncatumy) appears in the middle Albian
of site 398D (leg 47B) (Masure & Hasenboehler
1981, in press).

The lower part of the middle Albian contains
Orbitolina (M.) texana (Roemer) and the upper
part Simplorbitolina manasi Ciry & Rat and S.
conulus Schroeder. These species disappear be-
fore the appearance of Cribroperidinium intri-
caturn Davey 1969, an upper Albian dinocyst,
which exists also in the upper Albian of site 398
D. This species was found in many sections in the
Lisbon area.

There is good agreement between the strat-
igraphical data based on Foraminifera and dino-
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cysts (Simplorbitolina manasi and S. conulus,
which do not reach the upper Albian, disappear
slightly before Cribroperidinium intricatum) and
those based on ammonites (Berthou & Schroeder
1979).

The basal part of the upper Albian contains the
first Knemiceras uhligi (Choffat), and Pervinquie-
ria inflata lampasense (Choffat) appears a little
higher. These beds probably correspond to the
Pervinquieria pricei and P. inflata zones (Amedro
1981) and extend upwards until the first ap-
pearance of Palaeohystrichophora cf. infu-
sorioides Davey & Verdier 1973, Microdinium
ornatum Cookson & Eisenack 1960, and Exo-
chosphaeridium bifidum (Clarke & Verdier
1967), which mark the transition to the Srolicz-
kaia dispar Zone. Palaeohystrichophora cf. infu-
sorioides exists at the same level at site 398D.

The lower part of the Stoliczkaia dispar Zone
contains the essentially Albian rudist beds with
Radiolites cantabricus Douvillé, Polyconites sub-
verneuili Douvillé, Horiopleura lamberti(?)
Munier-Chalmas, Pseudotoucasia santanderensis
(Douvillé), and Caprina choffati (Douvillé). A
clear discontinuity surface divides the dispar
Zone in two parts. The upper part of the zone
contains the earliest Pseudedomia viallii (Col-
alongo) and Favusella washitensis (Carsey).

INTERPRETATION

P. CHOFFAT 1900
P. CHOFFAT 1897-1900

! UPPER TURONIAN

Fagesia thevestensis (PER.)

J el Pseudaspidoceras sp.nov.

MIDDLE TURONIAN
i
0

LOWER [E Pusozia cf.planulata (SOW.)
TURONIAN | D Neolobites sp. (J.BR.)
OMAN ™ =T Eucalycoceras pentagonum
C'fi\isiselgN C I Colycoceras naviculare (MAN.)
Neolobites_]_, <t Neolobites vibrayeanus (D'ORB.)

vibrayeanys’

AMMONITES PREVIOUSLY KNOWN AND
USED FOR DATING THE BEDS BY

I Fagesia superstes (KOSS.) Pseudotlé?)sotm

1
=[] Pseudaspidoceras cf.footeanum (STOL.)

Ammonites are absent from the upper part of
the upper Albian and from the lower Cenoma-
nian. There is an important discontinuity surface
immediately below the appearance of a micro-
fauna (Ostracoda and Foraminifera) of Cenoma-
nian type, so, based on current knowledge, this
discontinuity may correspond to the Albijan-
Cenomanian boundary.

Lower and middle Cenomanian (Fig.2)

I have divided the lower Cenomanian in five lev-
els: Cl1, C2, C3, C4 and C5. The lowermost
Cenomanian (C1) marls or limestones are
marked by the Ostracoda Cythereis cf. ouillieren-
sis Babinot, Oertliella soaresi Colin & Lauverjat,
and Ovalveolina crassa De Castro (Berthou &
Schroeder 1978, Babinot 1980, Damotte et al.
1981, Neumann et al. 1981). Neoiragia convexa
Danilova which appears already in the upper Al-
bian, is abundant in the beds with Ovalveolina
crassa, and the marls between these beds contain
Cenomanian rudists (Apricardia carentonensis
(d’Orbigny) and A. laevigata (Orbigny). Favu-
sella washitensis (Carsey) is present in this level
of the lower Cenomanian. It is possible that
Ovalveolina crassa appears in the uppermost Al-

NEW AMMONITES WITHOUT
STRATIGRAPHICAL VALUE
FOR P. CHOFFAT 1897-1900

Ammonites A (1897)

= Voscoceras gamai-mundoe,V.barcoicensis

Ammonites A,renflées (1897)

= Vascoceras kossmoti,V.harttiformis CHOFFAT
V. douvillei 1898

Ammonites A,renflées (1897)
= Vascoceras douvillei CHOFFAT 1898
Vascoceras subconciliatum CHOFFAT 1898

Ammonites A (1897)

=Vascoceras sp.

Ammonites A (1897)

= Vascoceras gamai-mundae CHOFFAT 1898
V. barcoicensis CHOFFAT 1898

FIG. 4, P,CHOFFAT'S INTERPRETATION OF THE CENOMANO-TURONIAN AMMONITE FACIES
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bian —~ the question is still under discussion — so
level C1 will in the future, perhaps, be placed at
the top of the Albian. More palaecontological
data are required for a decision and for the time
being I prefer to place the species in the lower-
most Cenomanian.

Above, in level C2 (2 m only) a Cenomanian
association is found, containing Pseudedomia
viallii (Colalongo), Biconcava bentori Hamaoui
& Saint Marc, Biplanata peneropliformis
Hamaoui & Saint Marc, and Heteroporella lepina
Praturlon.

Level C3 yields numerous Orbitolina (Conicor-
bitolina) cuvillieri (Moullade)-conica (d’ Archiac)
{which appeared already in the upper Albian),
and at level C4 (2 m) the first Praealveolina sim-
plex Reichel and P. iberica Reichel are found.
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The uppermost level, C5, contains Pseudedomia
drorimensis Reiss, Hamaoui & Ecker and Ich-
thyosarcolites triangularis Desmarest.

Level C5 ends with marls, above which there is
a bed of hard limestones (2-3 m). This unit can
be found in the entire Lisbon area and contains
abundant Praealveolina iberica, P. pennensis Re-
ichel, Ovalveolina ovum (d’Orbigny), and Prae-
alveolina brevis Reichel, marking the base of the
middle Cenomanian.

The higher part yields Zurrilites costatus
(Lamarck). The middle Cenomanian ends with
regressive dolomitic limestones and locally gyp-
siferous shales.

The contact between the middle Cenomanian
slopes and the cliffs of the massive upper
Cenomanian limestones is easily visible at sur-
face.
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Upper Cenomanian

The upper Cenomanian is divided into two parts.
The lower part — here designated “Assise & Neo-
lobites vibrayeanus” - is present in the whole
basin. The upper part consists of two main facies:
limestones with rudists in the south of the basin
(from Leiria to Lisbon) and ammonite-bearing
limestones in the north (from Leiria to Figueira
da Foz and Coimbra). A third facies, marls with
echinoids, is developed in the eastern part of the
basin around Vila Nova de Ourem. The relation-
ships between these facies are well known
(Choffat 1900; Berthou 1973; Berthou & Lauver-
jat 1976, 1979; Crosaz 1976; Crosaz-Galletti
1979; Moron 1981; Lauverjat 1982) (Fig. 1).

The lower part of the upper Cenomanian

The Cenomanian microfauna is well represented
(Praealveolina simplex, P. cretacea Reichel, P.
tenuis Reichel, Ovalveolina ovum, Cisalveolina
fraasi (Gumbel), Pseudorhipidionina casertana

(de Castro), Biconcava bentori) and distributed
in four levels (Berthou 1973; Berthou et al.
1979). . The ammonites are: Neolobites
vibrayeanus (d’Orbigny) more or less frequent,
Eucalycoceras pentagonum (Jukes-Browne), Ca-
lycoceras naviculare (Mantell), Thomelites ex gr.
hancocki Kennedy & Juignet, Calycoceras cf.
robustum Thomel (all very rare), and there is one
nautiloid: Angulithes mermeti (Coquand), more
or less common.

Two types of subdivisions were established by
Choffat. In the north of the basin (ammonite
facies, northern part of rudist facies, and echi-
noid facies) the beds are designated by a letter
and a name: C-beds with Neolobites vibrayeanus,
D-beds with Anorthopygus michelini, and E-beds
with Exogyra columba. In the south of the basin
(entirely in rudist facies; area of Lisbon and
Runa) the beds are numbered in each section.
Choffat did not establish correlations between his
mainly lithological subdivisions of the lower part
of the upper Cenomanian.

I have mainly used the microfaunas to correl-

RUNA RUDIST FACIES: CORRELATIONS BETWEEN THE NORTH (LEIRIA)
Tertiary(basalt) AND THE SOUTH (LISBON) FOLLOWING P.CHOFFAT 1900
Durania arnaudi 6
JUNCAL (LEIRIA AREA) D.arnaudi expansa Fia. 6.
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=]=¢Radiolites peroni
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ate the sections. Indeed, almost all sections con-
tain a bed with abundant Praealveolina tenuis
(level 2), which allows correlation between the
new sections and Choffat’s sections, since
Choffat consistently stated the position of this
bed (Fig. 3). An interesting fact stands clear:
level D in the northern part of the basin (occa-
sionally also level E) is equivalent to the higher
beds with Neolobites vibrayeanus, Calycoceras
and Cisalveolina fraasi from the southern part.
So, as can be seen below, the occurrence of
Cenomanian ammonites and microfossils in level
E in the ammonite facies is normal.

The upper part of the upper Cenomanian, the
Cenomanian-Turonian boundary and the lower
Turonian

Ammonite facies

The ammonite facies is the stratigraphically most
important of the three upper Cenomanian facies.
The Cenomanian-Turonian transition and the
lower Turonian — all well dated with ammonites —
are developed in this facies.

Berthou: Albian-Turonian stage boundaries

The subdivision of the sequence was made by
Choffat (1900). Above the levels C, D and E
there follow F, G, H, I, J, K, L, M, N, and O.
These levels are characterized firstly on lithologi-
cal grounds and, secondarily, on their fossil con-
tent. In some sections the sequence ends with
fine-grained sandstones lacking ammonites or
other significant macrofossils.

Choffat (1897a, 1897b, 1898, 1900) found two
ammonite faunas in levels E to O. One of the
faunas was known previously and could therefore
be used for dating the beds. viz. Fagesia superstes
(Kossmat), FE thevestensis (Peron),
Pseudaspidoceras cf. footeanum (Stoliczka), Pus-
ozia cf. planulata (Sowerby), Pseudotissotia
n.sp., Pachydiscus n.sp. and Neolobites sp. (Fig.
4).

The other fauna contains all the species of Vas-
coceras described by Choffat and “Acanthoce-
ras(?)” pseudonodosoides. These forms were not
placed in the stratigraphical framework by d’Or-
bigny in his definition of the Cenomanian and
Turonian stages (d’Orbigny 1840-1842, 1850) and
so were of little stratigraphical value for Choffat
(Fig. 4).
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After much hesitation, Choffat (1900) published
a stratigraphic scheme based mainly on lithology
(Fig. 4):

Upper Turonian: levels M, N, O and micaceous,
fine-grained sandstones; there is no palaeon-
tological support for this assignment.

Middle Turonian: nodular limestones, ranging
from level F to L.

Lower Turonian: levels D and E.

Choffat specified that the Turonian age of levels
D, E and F is doubtful. It is evident that his
stratigraphical interpretation is incorrect as
pointed out by Haug in 1911.

Based on new data in palynology, micro-
palaeontology and the ammonite occurrences, a
revision has been made, which also takes into
consideration the most recent concept of the
Cenomanian (Hancock & Kennedy 1980; Ken-
nedy et al. 1980, 1982) (Fig. 5).

The micaceous, fine-grained sandstones above
the ammonite-bearing limestones have been
dated as early Turonian (Medus et al. 1980; Mo-
ron 1981). By comparison with other European
lower Turonian sequences, it appears that the
sandstones belong in the Mammites nodosoides
Zone, although they do not reach the top of the
zone (Medus et al. 1980). -

This dating evidently implies that the carbo-
nate sequence below cannot be younger than ear-
liest Turonian. ‘

Level D yields Praealveolina simplex and the
Cenomanian echinoids Anorthopygus orbicularis
(Grateloup) and A. michelini Cotteau.

H 3
‘U' -
ER 5
§ i 3
3.
it i 3
"8z 23 3
58 By 333 8%
382 2% §rz IR
3
E 4 - oV XZa
1.3 BRE vBa 7 53338 %% %% o3
43gghds 5afE 8 hEE-RTEE E -3
£3RlEy Aopfda i iihuageeiagt £
AETEERT ~UERETE nflaa3280 5 & moue
g8 B S B EBREEEEER B B s
gefoda dTERsRELRLRERILEASTT £ R oG e
I I I IR R
FEgcizesBEe =i
LA c§388io0885637 3
e R L L LIS E I S -
5353848 5 i3 ¢
Sidgisgshassiaciibiaiiisd g
£r823a3533833388 SEELEISLL 3|
«
x
Mammites nodosoldes ”l“' ” 2 E
& Watinoceras | |5
coloradosnse Zones o~ gz
PO N N [ Y (- S ——— ié”
Neocardioceras =|8
Juddii Zone <12
l z
3
g
8

UPPER

Ouly:o:eras
nav Lculare

Metol:oceras |
peslinl:mum I l
‘ I 1

4 D.GF. 33

F16. 8. CORRELATIONS BETWEEN THE AMMONITE FACIES AND

2
Tamt

“Assise & |

In level E, there is still a Cenomanian micro-
fauna containing Praealveolina simplex, Thoma-
sinella punica Schlumberger and Hemicyclam-
mina  sigali Maynéc and the echinoid
Anorthopygus orbicularis. Neolobites sp. was
noted by Choffat, and we have also recorded
Euomphaloceras cf. cunningtoni tuberculata
(Pervinquiére) (Amedro et al. 1980). At this
level in the Cenomanian the first Vascoceras ex
gr. gamai Choffat and Vascoceras barcoicensis
Choffat appear (Berthou et al. 1975).

Level F contains Thomasinella punica and He-
micyclammina sigali (which are restricted to the
Cenomanian) as well as Pseudocalycoceras sp.
and Calycoceras aff. bruni (Fabre) (Amedro et
al. 1980). It is at this level that Vascoceras ex gr.
gamai and V. barcoicensis are most abundant.

The Cenomanian age for the first appearance
of Vascoceras in the type sections of the lower
Mondego river is in agreement with the presence
of Vascoceras in the stratotype of the Cenoma-
nian (Kennedy & Juignet 1977).

Levels E and F may be assigned to the Metoi-
coceras geslinianum Zone, following Kennedy &
Hancock (1977), although the base of level E
may belong to the Calycoceras naviculare Zone.

Above level F, at levels G, H, I and J, I have
not found any typically Cenomanian ammonites,
nor any typical Cenomanian microfossils. At the
top of H and at I and J there occur Pachyvascoce-
ras douvillei (Choffat), Pseudaspidoceras footea-
num, P. pseudonodosoides (Choffat) and Vasco-
ceras subconciliatus Choffat. The latter species,
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now regarded as belonging in the genus and sub-
genus Spathites (Jeanrogericeras) (Kennedy et al.
1980) is restricted to these levels.

Previously, level G and the lower part of H
were regarded as boundary beds (Berthou &
Lauverjat 1975) or as doubtful Turonian
(Berthou & Lauverjat 1979). Recently, Spathites
(J.) subconciliatus has been placed in the upper-
most Cenomanian Neocardioceras juddii Zone
(Hancock & Kennedy 1980; Kennedy et al.
1982). In the sections of the lower Mondego
tiver, there is a clear discontinuity at the top of J,
the surface of which is locally karstified. Level K
above this surface is dolomitic.

Following the recent developments, I propose
to place the Cenomanian-Turonian boundary at
the top of level J. This new position is in harmony
with the fossil content, because typically Turo-
nian ammonites appear only at level L.

The uppermost part of H and levels T and J
may be regarded as equivalent of the Neocardio-
ceras juddii Zone, and the subjacent Ievels G and
most of H as equivalent to the so-called “‘un-
named zone” of Kennedy et al. (1982). This “un-
named zone” yielded only very sparse, small and
globose Vascoceras.

The dolomitic level K provides neither mac-
rofossils nor microfossils. Level L yielded Turo-
nian ammonites: Fagesia superstes (Kossmat), F.
thevestensis  (Peron), Leoniceras  barjonai
(Choffat), and Pachydesmoceras cf. deniso-
nianum (Spath), Pachyvascoceras ex gr. kossmati
(Choffat), P. amierense (Choffat). It should be
noted that no Mammites nodosoides have been
found. At level L there are also Inoceramus pic-
tus sackenis Keller, I. (Mytiloides) hercynicus Pe-
traschek, I. (Mytiloides) subhercynicus Seitz, and
L. (Mytiloides) submytiloides Seitz (P1.1). Follow-
ing the conclusions of the Colloquium on the
Turonian (Paris 1982), this association is possible
only in the lowermost Turonian. The last lime-
stone levels M, N, and O, yielded no ammonites,
and no significant macro- or microfauna. Detrital
material (quartz and mica) appears at these lev-
els.

Level L is probably equivalent to a part of the
Watinocras coloradoense Zone, and to the basal
and middle part of the Mammites nodosoides
Zone.

The Mammites nodosoides Zone is also proba-
bly represented by the micaceous, fine-grained
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sandstones at the top of the sequence, according
to the palynological data, as stated above.

Rudist facies

Choffat (1897b, 1900) established the “Turonian”
age of the rudist limestones only through
lithological correlation with the ammonite facies;
this was in contradiction with available palaeon-
tological data and also with his own previous
interpretations! Indeed, in 1885, on the basis of
the palaeontological content, Choffat placed the
rudist beds in the Cenomanian (““Carentonin”
facies) and remarked that it would be a great
error to assign these rudists (Sauvagesia sharpei,
caprinulas, etc.) to the Turonian! He maintained
this interpretation in 1886 and 1894 and never
clearly deviated from it.

Choffat was right in correlating the first rudist
beds with level E in the ammonite facies. How-
ever, his correlations between the northern and
the southern parts of the rudist facies on one
hand, and between the ammonite facies and rud-
ist facies on the other hand, were erronous.

As for the ammonite facies, Choffat recog-
nized three parts in the rudist facies based only
on the lithology: at the base, hard limestones
without rudists (lacking also Neolobites), then
bioherms with rudists (mainly caprinulas), and at
the top, marls with occasional limestone beds
which locally contain rudists. He correlated the
upper part with his “upper Turonian” of the am-
monite facies! He placed the bioherms with ca-
prinulas in the “middle Turonian” and the lower
part in the “lower Turonian” (Fig. 6)!

This means that the marls with Radiolites per-
oni (Choffat), which constitute the uppermost
level of the rudist beds, in the area of Leiria, and
the marls with Sauvagesia sharpei (Bayle), Dura-
nia arnaudi intermedia (Choffat) and caprinulas
ending the rudist beds in the Lisbon area would
be upper Turonian. This is an error. In the same
way Choffat attributed to the middle Turonian
the typical Cenomanian caprinulas Caprinula
brevis (Sharpe), C. dorbignyi (Sharpe), C.
boissyi (d’Orbigny) and C. doublieri (d’Orbigny).

The limestones below the first appearance of
rudists belong to the top (the fourth part) of the
beds with Neolobites vibrayeanus s.1., containing
rare Praealveolina simplex and Cisalveolina fraasi
(Fig. 7). The rudist beds above are divisible into
four units.
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Unit 1 belongs to the bioherms with the
Cenomanian caprinula assemblage of Sauvagesia
sharpei (Bayle), Durania arnaudi (Choffat)
(doubtful at the base); very rare Praealveolina
simplex sometimes occur at the base. Unit 2 con-
sists of beds with the same rudists but no bio-
herms with caprinulas. The caprinulas disappear
in the lower part. Radiolites lusitanicus (Bayle)
and Durania arnaudi intermedia (Choffat) appear
in the upper part of unit 2. It yields a Cenoma-
nian microfauna with Chrysalidina gradata (d’Or-
bigny) and Hemicyclammina sigali Maync. A sin-
gle Vascoceras ex gr. gamai was found by Choffat
at the top.

In the Lisbon area, Palaecogene basalts overly
unit 2.

In the Runa basin, 50 km north of Lisbon, the
sequences are better preserved, and one can re-
cognize unit 2 with the same microfauna as in the
Lisbon area. Above, unit 3 begins with lime-
stones containing Nerinea (e.g. Nerinea requieni
d’Orbigny) and acteonellid gastropods, followed
by one or two thin beds with Durania arnaudi, D.
arnaudi expansa (Choffat) and D. arnaudi ru-
naensis (Choffat). Unit 3 is overlain by the Pal-
aeogene basalts.
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In the northern part of the area of rudist facies,
around Leiria, unit 1 is thinner, unit 2 yields only
Hemicyclammina sigali, and unit 3 contains very
scarce Chrysalidina gradata; all data point to a
Cenomanian age for unit 3.

Unit 4, which occurs only in the northern part
of the area of rudist facies, consists of marls with
very abundant Radiolites peroni (Choffat) and
some R. lusitanicus (Bayle). There are no Du-
rania and no diagnostic microfossils, but os-
tracodes known from close to the Cenomanian-
Turonian boundary in the Mediterranean realm
(Babinot 1980) appear: Alatanesidea pokornyi
Colin & Lauverjat and Triebelina keiji Colin &
Lauverjat (Figs 7-8). A discontinuity surface di-
vides units 3 and 4 of the rudist beds; the top of
unit 3 is marked by detrital quartz. The discon-
tinuity surface is hardened, ferruginous and irreg-
ular.

The stratigraphy of the rudist beds in Portugal
is similar to equivalent Cenomanian and
Cenomanian-Turonian beds in Provence (France)
(Berthou & Philip 1972, Philip 1978).

Figure 8 shows the clear correlation between the
ammonite and rudist facies.

BERTHOU 1983
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The rudists appear in the upper part of level E.

Unit 1 (bioherms with caprinulas and Sauvage-
siinae) and unit 2 (limestones and marls with
chiefly Durania arnaudi intermedia) correspond
to level F, judging by the presence of Vascoceras
ex gr. gamai and Hemicyclammina sigali. The top
of unit 2, where H. sigali disappears, may possi-
bly be correlated with level G.

Unit 3 is equivalent to levels G(?), H, I and J.
The introduction of detrital quartz at the top of
unit 3 of the rudist beds is an important feature,
as is the discontinuity surface at the top of level I.
These are perhaps caused by the same
geodynamic event at the Cenomanian-Turonian
boundary. Using these hypothesis, unit 4 of the
rudist beds will be equivalent to level K, or per-
haps K and L and also the top of J. Under all
circumstances, it belongs to the Cenomanian-
Turonian boundary or to a level slightly above the
boundary.

As a result of these correlations, it appears that
Sauvagesia sharpei and Durania arnaudi inter-
media do not survive the Cenomanian in Portugal
(Metoicoceras geslinianum Zone). Durania ar-
naudi; D. arnaudi expansa and D. arnaudi ru-
naensis reach the Neocardioceras juddii Zone,
i.e. uppermost Cenomanian or lowermost Turo-
nian, depending on the definition used. Radioli-
tes lusitanicus appears in the upper Cenomanian
and reaches into the lower Turonian. Radiolites
peroni appears at the Cenomanian-Turonian
boundary and extends through the lower Turo-
nian.

Echinoid facies

The upper Cenomanian echinoid marls in the
eastern part of the basin, around Vila Nova de
Ourem, yields an echinoid fauna consisting of
Diplopodia deshayesii Cotteau, D. variolaris
(Brongniart), D. cf. depauperata de Loriol and
the foraminifer Hemicyclammina sigali. They are
a lateral equivalent of units 1 and 2 of the rudist
beds, the intertonguing of these two facies being
visible in outcrop. They are also equivalent to
levels E and F of the ammonite facies (Crosaz-

Galetti 1979), which was further supported by

palynological data (Moron 1981).

Berthou: Albian-Turonian stage boundaries

Conclusions

Comparison between stage and substage bound-
aries now in use from the Aptian to the Turonian
with those established by Choffat (1885-1900)
shows only one common point: The boundary
between the middle and upper Cenomanian (Fig.
9).

From the Aptian to the upper Cenomanian the
scarcity of ammonite-bearing levels and the lack
of planktonic Foraminifera have called for the
use of various fossil groups in the stratigraphical
work, in particular dinocysts and large benthic
Foraminifera. The stratigraphic ranges of these
auxiliary fossils are well defined, particularly in
the Tethyan Realm.

The stratigraphic revision of the three upper
Cenomanian facies has clearly pointed out the
errors of Choffat in his correlations between the
different sections in one facies (e.g., rudist fac-
ies), or between the facies, and in his datings
which rarely take into account the fossils con-
tained in the sequence.

The most frequent species of the Calycoceras
naviculare Zone is Neolobites vibrayeanus, which
is restricted to the zone.

Higher up in the sequence, the interval-zone

. with Vascoceras ex. gr. gamai and V. barcoicensis

is in the position of the Metoicoceras geslinianum
Zone; it belongs to the Cenomanian, as proven
by the occurrence of Calycoceras, Pseudocaly-
coceras and Euomphaloceras. The acme of the
Vascoceras gamai group is in the Metoicoceras
geslinianum Zone but, these forms transgress the
Cenomanian-Turonian boundary.

Above, there are limestone beds which corre-
spond to the “unnamed zone” and to the Neocar-
dioceras juddii Zone; the latter is marked in Por-
tugal by Spathites (J.) subconciliatus. These beds
represent the interval-zone with Pachyvascoceras
douvillei-durandi, which was proposed as the
lowest zone of the Turonian by Collignon (1971).

The Pachyvascoceras douvillei-durandi group
appears perhaps in the higher part of the Metoi-
coceras geslinianum Zone and the acme is in the
Neocardioceras juddii Zone. This group trans-
gresses the Cenomanian-Turonian boundary.

I have not yet taken a definite standpoint, but
it is clear that the Cenomanian-Turonian bound-
ary in Portugal will be better defined if we regard
the Neocardioceras juddii Zone as uppermost
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Plate 1. Inoceramids from the lower Turonian (lower valley of the Mondego river) T
1 — Inoceramus pictus sackenis Keller (lower part of the level “L") x | I
2 ~ noceramus (Mytiloides) submytiloides Seitz (level “L”) % 1 1
3 = Inoceramus (Mytiloides) hercynicus Petraschek (level “L") x 1 I
4 — Inoceramus (Mytiloides) subhercynicus Seitz (level *L") x 1
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Cenomanian, following the suggestion of Ken-
nedy et al. (1982). The position of the Cenoma-
nian-Turonian boundary at the top of the Neocar-
dioceras juddii Zone provides better and easier
correlations between the Boreal and the Tethyan
realms.

The Turonian will then begin with the Fagesia
superstes intervalzone (=? Watinoceras colora-
doense Zone). The Pachyvascoceras kossmati
group occurs only in the lowermost Turonian
(Watinoceras coloradoense Zone and lower part
of the Mammites nodosoides Zone).

This position of the Cenomanian-Turonian
boundary will place part of the vascoceratids in
the Cenomanian. The presence of Vascoceras in
the Cenomanian is now recognized in the Sahara
by Amard & al. (1977, 1981).

The western Portuguese Basin is a good area to
correlate ammonite facies and rudist facies at the
Cenomanian-Turonian boundary. With the Neo-
cardioceras juddii Zone as uppermost Cenoma-
nian, Durania arnaudi will be restricted to the
Cenomanian in Portugal. Only Radiolites peroni
begins at the Cenomanian-Turonian boundary
and occurs in the lower Turonian. Radiolites
lusitanicus appears in the Cenomanian and trans-
gresses the Cenomanian-Turonian boundary.
Sauvagesia sharpei and Durania arnaudi inter-
media are restricted to the Calycoceras naviculare
and Metoicoceras geslinianum Zones.

Regarding the stratigraphic ranges of the large
benthic Foraminifera, it appears that, except for
Chrysalidina gradata, the typical Cenomanian
forms, e.g. Praealveolina simplex, Cisalveolina
fraasi, Thomasinella punica, and Hemicyclam-
mina sigali, do not extend above the Metoicoce-
ras geslinianum Zone. The “unnamed zone” and
the Neocardioceras juddii Zone seem fairly poor
in benthic Foraminifera. Chrysalidina gradata
reaches the Neocardioceras juddii Zone, and Tro-
chospira avnimelechi also ends at that level in
Portugal (Berthou 1983). The lower Turonian is
poor in benthic Foraminifera and lacks charac-
teristic species.
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Dansk Sammendrag

Etagegranser fra aptien-albien til cenomanien-turonien er fast-
lagt i det vestportugisiske bassin. Cenomanien-turonien grzn-
sen er serlig grundigt behandlet; ammonitfacies og rudistfacies
omkring denne grense er korreleret.
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