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Abstract

This paper presents the first detailed biostratigraphic analysis of the uppermost Santonian through uppermost Maastrichtian
hemipelagic carbonate successions of south-east Spain based mainly on the stratigraphic distributions of planktic foraminifera. For
the time interval studied, seven biozones of planktic foraminifera have been recognized. From oldest to youngest these are: the
uppermost part of the Dicarinella asymetrica Zone, and the Globotruncanita elevata, Globotruncana ventricosa, Globotruncanita
calcarata, Globotruncana falsostuarti, Gansserina gansseri and Abathomphalus mayaroensis zones. The biostratigraphic succession
obtained from the sections studied in the Prebetic area is compared with those from sections in Tercis (France) and Kalaat Senan

(Tunisia).
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1. Introduction

The aim of this paper is to present a detailed
biostratigraphy, based primarily on planktic foraminif-
era, of the late Santonian—late Maastrichtian hemi-
pelagic successions that crop out in the Prebetic Zone of
south-east Spain. This southernmost region is a key area
for interbasinal correlations and palaeobiogeographic
reconstructions within the framework of the Tethys
Realm. At the end of the Cretaceous, the convergence of
Africa and Eurasia had begun, causing progressive
closure of many small basins in western Europe
and northern Africa, and the restriction of marine
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communication between the Tethys and the Atlantic to
the so-called Gibraltar Passage. These successions were
deposited in the outer domains of the ancient southern
continental margin of Iberia (Fig. 1), a basin that,
during the latest Cretaceous, formed the southernmost
area of the northern margin of the Tethys Ocean.

Recent biostratigraphic work on both the north-east
Atlantic margin (e.g., Arz and Molina, 2001; Odin,
2001) and the southern Tethys margin (e.g., Robaszyn-
ski et al., 2000) has revealed notable differences in the
chronostratigraphic distribution of species commonly
used as global biostratigraphic markers. We present here
the stratigraphic distribution of these taxa in a zone that
occupied an intermediate palaeogeographical situation
between the reference section for the Campanian—
Maastrichtian boundary at Tercis in south-west France
and the Kalaat Senan section in Tunisia, which provides
abundant information about the North African Upper
Cretaceous.
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Furthermore, on a regional scale, our biostratigraphic
analysis allows the establishment, for the first time, of
detailed intrabasinal correlations and the recognition of
a series of regional unconformities. These define major
and rapid palaeogeographic changes that punctuated the
evolution of the basin during the Late Cretaceous.

2. Geographical and geological setting

During the Late Cretaceous, the southern part of
Iberia consisted of a broad continental margin (the Betic
margin) characterized by the dominance of carbonate
sedimentation in both the shallow areas, where wide
carbonate platforms developed, and the deeper do-
mains, where thick, relatively homogeneous, hemipela-
gic successions were deposited. According to previous
studies on the shallow carbonate platforms (e.g.,
Martin-Chivelet, 1995, 1996), sedimentation on the
margin was mainly controlled by thermal subsidence,
a warm climate and sea-level changes. This sedimenta-
tion was also punctuated, however, by a series of
tectonic events that caused abrupt changes in palae-
ogeography, which could be related to intraplate stresses
during the initiation of Europe—Africa alpine conver-
gence.

During the latest Santonian—Ilatest Maastrichtian
interval, thick, relatively homogeneous, carbonate hemi-
pelagic successions were deposited in the proximal,
relatively deep, marine environments of the continental
margin. These deposits crop out today in the south-
eastern part of the Prebetic Zone, in the provinces of
Alicante and Murcia (Fig. 1). This area of great tectonic
complexity forms part of the autochthonous to para-
utochthonous units that define the most external belt of
the alpine Betic Orogen.

The hemipelagic deposits studied form successions
15—140 m thick consisting primarily of limestones and
marly limestones and, to a minor extent, of marls. In
previous regional studies, these deposits were included,
because of their relative lithological homogeneity, in
broad cartographic units that embodied the whole of
the Upper Cretaceous and Palaeocene succession (e.g.,
the ““Capas Rojas” of Vera et al., 1982). However,
recent detailed research that forms part of the broad
regional project in which this study is included, is
allowing the subdivision of these deposits into smaller
and more useful lithological units, most of which are
bounded by unconformities. In this sense, the upper-
most Santonian—Maastrichtian rocks have been sub-
divided into three formations: Carche, Raspay and
Aspe. The Carche and Raspay formations were defined



by Martin-Chivelet (1994), whereas the Aspe Formation
has been proposed by Chacéon and Martin-Chivelet
(in press).

The Carche Formation, of latest Santonian—early
Maastrichtian age, is 7 to >100 m thick and basically
consists of light-coloured, often burrowed, limestones
and marly limestones, commonly stratified in beds
0.1-0.2m thick, and yield abundant inoceramids
and echinoids. It crops out in the north-western part
of the study area, which palaeogeographically cor-
responds to the shallowest hemipelagic settings of the
basin.

Laterally and basinwards, the Carche Formation
grades into the Aspe Formation, which has been dated
as earliest Campanian—early Maastrichtian. The Aspe
Formation is similar in thickness to the former but
consists of markedly rhythmic successions with alter-
nations of white, pink and red limestones and marls.
Both formations form jointly a major allostratigraphic
unit, bounded by regional unconformities or, occa-
sionally, by their correlative conformities. The Aspe
Formation rests on deposits ranging in age from mid
Cenomanian to late Santonian, and is overlain by the
deposits of the Raspay Formation.

The Raspay Formation is late Maastrichtian in age
and mainly composed of massive, green to grey marls
with abundant planktic and deep-water benthic forami-
nifera, ostracods, and remains of inoceramids and
echinoids. To a lesser extent, decimetre-scale beds of
fne-grained wackestones and packstones with the same
fossil content can be also present in the formation. In
some sections turbidite intercalations and other gravity
deposits have been recognized. The Raspay Formation
extends over the whole of the area studied and forms
a major allostratigraphic unit that rests unconformably
on the Carche and Aspe, and older formations. It is
overlain in the study area by early Palaeocene or
younger rocks.

3. Stratigraphic analysis

Owing to the considerable variations in thickness,
completeness, and facies shown by the uppermost
Santonian—uppermost Maastrichtian deposits in the
study area, our paper is based on an integrated analysis
of several outcrops. Ten stratigraphic sections and 10
other smaller outcrops distributed all over the area have
been analysed and correlated (Fig. 2). In order to
simplify discussion, these sections have been grouped,
according to their geographical proximity and their
stratigraphic affinities, into six main areas, namely
(Fig. 1): Sierra del Carche, Sierra del Maigmo, Sierra
de Aixorta, Jijona-Busot-Torremanzanas, Aguas de
Busot, and Aspe. The order in which these areas are
described below broadly follows a proximal—distal

palaeogeographic trend in the basin. Water-depths for
these areas show minor variations that do not necessar-
ily correspond to this trend.

The biostratigraphic analysis is concentrated on
planktic foraminifera (Figs. 3 and 4), and is based on
both thin sections and washed residues. It has been
accompanied by a detailed sedimentological study of
facies and stratigraphic unconformities. In terms of
biostratigraphy and dating, we essentially follow the
papers of Robaszynski et al. (1984, 2000), Caron (1989),
Robaszynski and Caron (1999), Premoli Silva and Sliter
(1995), and Hardenbol et al. (1998).

3.1. Sierra del Carche

The uppermost Santonian—uppermost Maastrichtian
succession presents excellent outcrops in the south-
eastern part of the Sierra del Carche (Fig. 1), where the
type locality of the Carche and Raspay formations
(Martin-Chivelet, 1994) is located. Previous papers on
the Upper Cretaceous of this sierra can be found in
Azéma (1977), Rodriguez Estrella et al. (1980) and
Martin-Chivelet (1992).

The Carche Formation is 60 m thick and consists
predominantly of white to beige limestones and marly
limestones in beds 0.1—0.2m thick. It rests on Middle
Cenomanian shallow water carbonates of the Alatoz
Formation (Martin-Chivelet, 1992) and its upper
boundary is marked by a poorly developed ferruginous
crust. The main facies of the unit are: (1) beige wacke-
stones with abundant planktic and benthic foraminifera,
ostracods and calcispheres; (2) fine-grained packstones,
with remains of these microfossils and abundant frag-
ments of inoceramids and echinoids; and (3) white marly
wackestones to marls. All the rocks are strongly bur-
rowed, and yield abundant inoceramids and echinoids,
and also some ammonoids. The unit is interpreted as
having been deposited in hemipelagic settings of an
outer, relatively shallow platform, with a limited influx
of fine clastics. The presence of fine-grained, well-sorted
packstones suggests that the sea floor was probably
affected by bottom currents.

Our biostratigraphic analysis has allowed recognition
of the following planktic foraminiferal biozones in
the Carche Formation. These are, from base to
top: the uppermost part of the Bicarinella asymetrica
Zone, the Glebetruncanita elevaia, Glebeiruncarna ven-
tricesa, Globetruncanita calcarata, Glebetruncana falses-
tuarti zones, and the lower part of Gansserina gemsseri
Zone (Fig. S). Accordingly, the Carche Formation in
this section is latest Santonian (early Campanian)—early
Maastrichtian in age.

The Raspay Formation is 12.5 m thick and composed
of distinctly olive green marls, although its top is defined
by 0.7—1.2 m of beige to white, nodular biomicrites. On
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Fig. 2. Biechrenestratigraphic chart shewing the time intervals analysed and the recegnized uncenfermities in each sectien. The numbers at the tep
cerrespend te the sectien numbers i Fig. 1. Cretaceeus time scale accerding te Hardenbel et al. (1998).

this uppermost level there is an intensively mineralised
and bored hardground, with abundant epibenthonic
fauna. This hardground is overlain by white limestones
that have been dated as early (but not earliest) Palae-
ocene (Chacon, 2002). The marls have yielded abundant
planktic and deep-water benthic foraminifera, ostra-
cods, and remains of inoceramids and echinoids. The
unit is interpreted as having been deposited in an outer,
relatively deep (outer neritic to bathyal) platform with
a large terrigenous influx.

The planktic foraminifera of the Raspay Formation
(Fig. S) have allowed the identification of the upper part
of the Gansserina gansseri Zone and the Abathemphalus
mayareensis Interval Zone. These allow the unit to be
dated as late Maastrichtian.

3.2. Sierra del Maiginé

The section studied is situated on the northern slope
of the Sierra del Maigmé, in El Estrecho creek. The
exposure includes an excellent section of the Carche
Formation and only a partial section of the Raspay
Formation. The former overlies white limestones of
Santonian age, the contact between them apparently
being gradual, and defined by a rapid increase in the
content of fine siliciclastic sediment in the succession. Its
upper boundary is, however, covered and could not be
studied. The top of the section is marked by an
unconformity that separates the upper Maastrichtian
rocks of the Raspay Formation from overlying marly
deposits of latest Palaecocene—early Focene age.



Fig. 3. Planktic feraminifera in thin sectien. A, Contusotruncana contusa (Cushman, 1926), Sierra del Carche, sample CAR 35. B, Contusotruncana
walfischensis (T edd, 1970), Sierra del Carche, CAR 29. C, Dicarinella asymetrica (Sigal, 1952), Jijena section, JIJ 2/3. D, Gansserina gansseri (Belly,
1951), Aspe sectien, ASP 19. E, Globotruncana aegyptiaca (Nakkadi, 1950), Terremanzanas, PIL 7/1. F, Globotruncana arca (Cushman, 1926),
Terremanzanas, PIL 5/2. G, Globotruncana ralsostuarti (Sigal, 1952), Sierra del Carche, RAS 1. H, Globotruncana ventricosa (White, 1928), Sierra de
Aixerta, AIX 51. [, Globotruncanita calcarata (Cushman, 1927), Aspe section, ASP 4. J, Globotruncanita conica (White, 1928), Aspe sectien, ASP 23a.
K, Globotruncanita elevata (Bretzen, 1934), Jyjena sectien, JIJ 4/5. L, Rugoglobigerina rotundata (Brénnimann, 1952), Sierra del Carche, CAR 37a.

Scale bars represent 0.5 mm.

Previous stratigraphic work on the Sierra del Maigmo
can be found in the publications of Leclerc (1971) and
Ruig (1992).

The Carche Formation is 10Sm thick and basically
consists of thinly stratified limestones and marls in beds
0.1-0.3m thick that show variable bioturbation al-
though this is generally less intense than that in the
Sierra del Carche. The section is punctuated by several
truncation surfaces (slump scars), brecciated levels and

slumps. Main facies include fine-grained wackestones—
packstones with a variable content of fine siliciclastics,
and marly limestones to marls. These facies contain
abundant planktic and deep-water benthic foraminifera,
calcispheres, and debris of inoceramids and echinoids.
The unit was probably deposited in a transitional setting
between the most external platform and deeper environ-
ments. The benthic foraminiferal assemblage, which
contains Cibicideides velasceensis (Cushman, 1929),



Fig. 4. SEM (scanning ¢lectren micrescepe) images of planktic feraminifera. A, B, Abathomphalus mayaroensis (Belly, 1951). A, umbilical view; B,
side view; Aspe sectien. C, D, Contusotruncana contusa (Cushman, 1926). C, spiral view; D, side view; Sierra del Carche. E, F, Contusotruncana
walfischensis (Tedd, 1970). E, spiral view; F, side view; Sierra del Carche. G, H, Gansserina gansseri (Belli, 1951). G, side view; H, spiral view; Aspe
section. I, Globotruncanita calcarata (Cushman, 1927), umbilical view; Sierra del Maigme. J, K, Globotruncanita elevaia (Bretzen, 1934). J, spiral
view; K, side view; Sierra del Maigme. L, Rugoglobigerina rugosa (Plummer, 1926), side view; Aspe section. M, Racemiguembelina tructicosa (Egger,

1899), frent view; Sierra del Carche. Scale bars represent 100 pm.
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Fig. 5. General biestratigraphic chart with ranges of the planktic feraminifera in the Sierra del Carche.



Coryphestema incrassata (Reuss, 1851), Marssenella
oxycona (Reuss, 1860), Reussella szajnochae (Grzybow-
ski, 1896), and Stensioeina peminerana (Brotzen, 1940),
suggests bathyal depths for these deposits (Speijer,
1994). On the other hand, the presence of slump scars,
slumps and brecciated beds indicates instability during
deposition.

Within the Carche Formation, the Glebetruncanita
elevata Partial Range Zone to the lower part of the
Genisserina gansseri Interval Zone has been recognized
(Fig. 6). Following the biochronostratigraphy of
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Hardenbol et al. (1998), the age of the Carche
Formation in the Sierra del Maigm¢ is early Campa-
nian—early Maastrichtian.

As mentioned above, the outcrop of the Raspay
Formation is very incomplete here. It consists mainly of
marls of a distinct olive green colour and some beds of
marly wackestones, both deposited in an environment
that does not seem to differ significantly from that of the
underlying unit. These marls have yielded planktic
foraminifera of the Abathemphalus mayareensis Zone

(late Maastrichtian).
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Fig. 6. Stratigraphic distuibutien ef the planktic feraminifera in the Sierra del Maigme. Fer key, see Fig. 5.



3.3. Sierra de Aixerta

The succession studied crops out extensively on the
southern slope of the Sierra de Aixorta. The complete-
ness of the succession, which includes the Carche and
Raspay formations, and excellent exposure make this
sierra an exceptional area to study the deposits. The
results of previous work on this region can be found in
Company et al. (1982).

The Carche Formation is 95m thick and mainly
consists of beige to white, sometimes reddish, limestones
and marly limestones in decimetre-scale beds, with some
centimetre-scale calcarenitic intercalations. The deposits
are affected by abundant synsedimentary slumps that
give quite a chaotic aspect to some portions of the
section. This unit overlies a decimetre-scale debris flow
bed that separates it from the underlying massive
limestones of late Santonian age. The upper boundary
is marked by conglomeratic deposits of debris flow type
related to a “‘middle” Maastrichtian unconformity. In
this unit the main facies are beige to white, sometimes
reddish, wackestones rich in planktic foraminifera,
ostracods, calcispheres, remains of inoceramids and
echinoids and scarce benthic foraminifera; and red
marly wackestones to marls, including a fossil associa-
tion similar to that of the previous facies. Both facies
can be highly to moderately bioturbated by Zeephyces
structures. Between these deposits, two kind of inter-
calations can be identified: one consisting of beige to
reddish, fine-grained, packstones to grainstones with
abundant traction structures and with a fossil associa-
tion similar to that of the main facies; and another
formed by beige, coarse- to fine-grained, packstones to
grainstones very rich in fragments of inoceramids,
agglutinated benthic foraminifera and bivalves, and
scarce planktic foraminifera.

The Carche Formation is here interpreted as having
been deposited in a carbonate to mixed hemipelagic
environment that occasionally received turbidite sedi-
ments and was intermittently under the influence of
bottom currents. The presence of abundant slumps
suggests instability during deposition. The Glebetrunca-
nita elevata Partial Range Zone to the lower part of the
Gansserina gansseri Zone has been identified in the
formation (Fig. 7), so that its estimated age is early
Campanian—early Maastrichtian.

The Raspay Formation is 48 m thick and mostly
composed of green marls that include some intercala-
tions of greyish to greenish biomicrites, especially in the
lowest few metres. This unit is overlain in apparent
sedimentary continuity by greyish marly limestones that
have been dated as early Palaeocene (Chacén, 2002).
The deposits of this unit contain a rich assemblage of
planktic foraminifera, calcispheres and ostracods, some
benthic foraminifera, and scarce prisms of inoceramids.
The Raspay Formation was deposited in a mixed

hemipelagic environment. The rich benthic foraminiferal
assemblage, including Cibicideides dayi (White, 1928),
Cibicideides hyphalus (Fisher, 1969), Ceryphestema
incrassata (Reuss, 1851), Gaudryina pyranidata (Cush-
man, 1926), Marssenelia oxycena (Reuss, 1860), Reus-
sella szajnochae (Grzybowski, 1896), and Stensieeina
pemunerana (Brotzen, 1940), points to deposition at
almost an upper bathyal depth, according to the
estimated depth ranges in Nyong and Olsson (1984).

Our biostratigraphic analysis of the Raspay Forma-
tion (Fig. 7) has allowed us to recognize the upper part
of the Gansserina gansseri Zone, and the Abathemphalus
mayareensis Interval Zone. Accordingly, the formation
in the Sierra de Aixorta is late Maastrichtian in age.

3.4. Jijena—Buset—Terremanzmas

In the Jijona—Busot—Torremanzanas (JBT) area
(Alicante province; Fig. 1), the Upper Cretaceous
succession is characterized by pronounced and abrupt
lateral changes in thickness and completeness. These
changes were controlled by fault movements, which
were very active during the late Cenomanian—early
Turonian. Later, during the Coniacian—Maastrichtian,
the sedimentation was controlled by the inherited
topography (Ruig, 1992; Chacoén, 2002; Martin-Chivelet
et al., 2002). The study of four detailed stratigraphic
sections and of several partial outcrops has allowed
us to build the composite stratigraphic section shown
in Fig. 8. The Campanian—Maastrichtian interval is
represented in the area by the Aspe and Raspay
formations.

The Aspe Formation is 7—35m thick and shows
a broadly rhythmic character, which results in an
alternation of 0.1 m thick, usually white or cream,
limestone beds and thin beds of reddish marly lime-
stones to marls. The main facies are fine-grained
wackestone and packstone biomicrites that contain
a variable amount of fine siliciclastics, abundant
planktic foraminifera, calcispheres and ostracods, scarce
benthic foraminifera, and remains of inoceramids and
echinoids. Bioturbation is moderate and mainly consists
of small burrows, although Zeephyces structures are
also present. The sedimentation of the Aspe Formation
took place in a carbonate to mixed hemipelagic
environment under uniform conditions. Typical rhyth-
mic variations in the terrigenous content probably
reflect high-frequency climate cycles (e.g., Zwan, 2002).

The planktic foraminiferal biozones identified in the
formation in the JBT area are from the Glebetruncemite
elevata Partial Range Zone to the lower part of the
Gansserina gansseri Zone (Fig. 8). This gives an early
Campanian—early Maastrichtian age for the whole unit.
All the biozones have been recognized only in the most
subsided areas (as at Jijona Castle). In the outcrops on
the elevated blocks (as at Torremanzanas, North Jijona,
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Fig. 8. Stratigraphic range of the planktic feraminifera in the Jijena—Buset—Terremanzanas area. Fer key, see Fig. 5.

development of synsedimentary slumps. These reveal
the existence of a short interval of instability before the
deposition of the overlying Raspay Formation. The
latter unit, which is much richer in fine siliciclastic
sediment, mainly consists of olive green to reddish
marls. It does not crop out completely anywhere in the
JBT area; as a result only partial sections have been
analysed. These yielded planktic foraminifera (Fig. 8)
that allowed the recognition of, at Torremanzanas, the
upper part of the Gansserina gasseri Zone and lower
part of the Abathemphalus mayareensis Interval Zone,

and, near Busot, part of the Abathemphalus mayareensis
Zone.

3.5. Aguas de Buset

The section at Aguas de Busot is located in the
nearby of the town of Busot, close to the 11 km marker
post of the CV-773 local road. The succession analysed
includes only part of the Aspe Formation, because the
upper part of the unit is cut by an oblique fault. This
partial section of the formation is 73 m thick and has



a rhythmic aspect owing to a decimetre-scale alternation
of beige to reddish limestones and marly limestones. The
unit rests on upper Santonian white hemipelagic lime-
stones.

Three main facies have been distinguished in the Aspe
Formation: (1) beige to reddish wackestones that
include abundant planktic and benthic foraminifera,
ostracods, calcispheres, and fragments of inoceramids,
echinoids and bivalves; (2) beige to red marly wacke-
stones to marls; and (3) medium to fine-grained pack-
stones to grainstones, with different traction structures
that include fragments of inoceramids, echinoids and
bivalves, planktic and deep-water benthic foraminifera,
and calcispheres. All of these facies, but specially the
first, can be moderately burrowed. Deposition took
place in a carbonate to mixed hemipelagic environment
at upper bathyal depths, as indicated by the benthic
foraminiferal association, which includes Cibicideides
velasceensis (Cushman, 1925), Gaudryine pyramidata
(Cushman, 1926), Gavelinella becariifermis (White, 1928),
Marssonella oxycena (Reuss, 1860), Reussella szajnochae
(Grzybowski, 1896), and Stensieeina pemunerana
(Brotzen, 1940). The deposits with packstone to grain-
stone textures are interpreted to have probably accumu-
lated under the influence of bottom currents.

The planktic foraminifera (Fig. 9) have allowed
recognition of the Glebetruncanita elevaia Partial Range
Zone to the lower part of the Gansserina gansseri
Interval Zone. Hence, the Aspe Formation here is early
Campanian—early Maastrichtian in age.

3.6. Aspe

The Aspe outcrop is situated about 1 km to the south
of the town of Aspe, in a triangular-shaped area
bounded by the roads to Elche and Crevillente. This
section, which gives its name to the formation, shows all
its distinctive features, as well as those of the Raspay
Formation. The stratigraphy of the section has been
reported previously by Hillebrandt (1974).

The Aspe Formation, which has a minimum thick-
ness of 55 m (the lower part is not exposed), is markedly
rhythmic with alternating off-white to reddish limestone
and marlstone beds 0.1—0.3m thick. The upper
boundary reflects an abrupt change in the depositional
environment, erosive processes, the development of
synsedimentary reverse faults (and related palaeohighs),
and the presence of turbidite layers, slumps, and
olistholiths (Chacén and Martin-Chivelet, 2001). The
main facies are: (1) off-white to reddish wackestones,
slightly to moderately burrowed, that are very rich in
planktic foraminifera, calcispheres, and ostracods, and
remains of inoceramids, echinoids, and bivalves, with
scarce deep-water benthic foraminifera; (2) fine- to very-
fine-grained packstones with a similar fossil assemblage;
and (3) red marly wackestones to marls. The formation

is interpreted to have been deposited in a carbonate to
mixed hemipelagic environment. Again, the occurrence
of fine- to very-fine-grained packstones suggests that the
sea floor was probably under the influence of bottom
currents.

From the lowest beds exposed to the top of the
formation the Glebetruncanita calcarata Total Range
Zone to the lower part of Gansserina gansseri Zone have
been identified (Fig. 10). These biozones indicate an
early late Campanian—early Maastrichtian age for these
deposits.

The Raspay Formation is SOm thick and mainly
composed of green marls with some centimetre-scale
greenish to greyish marly limestone beds and beige to
ochre calcarenitic limestone beds. At the top it is
bounded by an unconformity owing to erosive pro-
cesses. Overlying this unconformity are latest Palae-
ocene—early FEocene marls and marly limestones.

The marls and marly limestones of the Raspay
Formation contain a fossil association that consists of
abundant planktic and deep-water benthic foraminifera,
calcispheres, and remains of echinoids and inoceramids.
The calcarenitic limestones are texturally medium- to
coarse-grained packstones to grainstones with a fossil
assemblage that contains abundant bioclasts of shallow
water faunas (bivalve fragments, large benthic forami-
nifera, echinoids, red algae, bryozoans), some calci-
spheres and scarce planktic foraminifera. The formation
has a chaotic aspect in this section because it is affected by
abundant synsedimentary slumps. Deposition took place
in a mixed hemipelagic environment that occasionally
received the input of turbidites. The abundant synsedi-
mentary deformation structures suggest instability dur-
ing deposition. Based on the rich, deep-water benthic
foraminiferal fauna, which includes Belivineides drace
drace (Marsson, 1878), Cibicideides velasceensis (Cush-
man, 1925), Ceryphestema incrassata (Reuss, 1851),
Gleberetalites conicus (Carsey, 1926), Marsseonella oxy-
cona (Reuss, 1860), Neoflabellina rugesa (D’Orbigny),
Nuttallinella florealis (White, 1928), Reussella szajnechae
(Grzybowski, 1896), Sitella cushmani (Sandidge, 1932),
and Stensioeina peininerana (Brotzen, 1940), an almost
upper bathyal depth of deposition can be inferred
(according to Morkhoven et al., 1986) from these beds.

The planktic foraminifera of the Raspay Formation
(Fig. 10) allowed the recognition of the upper part of the
Gansserina gansseri Zone, and the Abathemphalus
mayareensis Zone. Accordingly, a late Maastrichtian
age is again indicated for the Raspay Formation.

4. Discussion

We have recognized seven biozones of planktic
foraminifera for the uppermost Santonian—uppermost
Maastrichtian succession examined in the south-east of
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the Prebetic domain (Fig. 2). These are as follows, from
base to top:

Dicarinella asymetrica Total Range Zone (uppermost
part); definition as in Robaszynski and Caron (1995). In
our sections we have recognized only the uppermost
part of this biozone. It is characterized by the presence
of species of the genera Centusetruncema, Globetrunca-
na, Glebetruncanita and Rugeglebigerina. These genera
dominate the planktic foraminiferal assemblages
through the rest of the Cretaceous succession. Local
occurrences of planktic foraminifera are indicated in
Fig. S. The age of this uppermost part of the biozone is
late Santonian (according to Hardenbol et al., 1998) to
latest Santonian—earliest Campanian (according to
Premoli Silva and Sliter, 1995; Robaszynski et al., 2000).

Glebetruncanita elevata Partial Range Zone, sensu
Robaszynski and Caron (1995). Local occurrences of
planktic foraminiferal species within this biozone are
shown in Figs. 5—9. The estimated age for this biozone
is early Campanian—early middle Campanian, after
Hardenbol et al. (1998).

Glebetruncana ventricesa Interval Zone; definition as
in Robaszynski and Caron (1995). For local occurrences
of the planktic foraminifera, see Figs. 5—9. The inter-
preted age for this biozone is, according to Hardenbol
et al. (1998), middle Campanian.

Glebetruncanita caicarata Total Range Zone; defini-
tion as in Robaszynski and Caron (1995). The occur-
rences of the planktic foraminiferal species within this
biozone are shown in Figs. 5—10. Its age is early late
Campanian, after Hardenbol et al. (1998).

Glebetruncana falsestuarti Partial Range Zone; de-
fined between the last occurrence (LO) of Glebetrunca-
nita calcarata (Cushman, 1927) and the first occurrence
(FO) of the index species of the next biozone
(Gansserina gasseri). The local occurrences of planktic
foraminiferal species within this biozone are shown in
Figs. 5—10. Its estimated age is late Campanian.

The Glebetruncana falsestuarti Zone was initially
proposed for a global scale by Robaszynski et al.
(1984). It was later revised and subdivided (Caron,
198S; Premoli Silva and Sliter, 1995) into the Glebe-
truncanella havanensis Interval Zone (between the LO of
G. calcarata and the FO of Glebetruncana aegyptiaca) and
the Globetruncemia aegyptiaca Interval Zone (between the
FO of G. aegyptiaca and the FO of Gansserina gansseri).
In our study area, however, this subdivision cannot be
applied because the FO of G. aegyptiaca is below the LO
of G. calcarata. This also occurs in the Kalaat Senan
section of central Tunisia (Robaszynski et al., 2000),
indicating the biostratigraphic similarity of this area with
the Prebetic region and the difference between these two
areas and the Tercis section of south-west France.

Gansserina gasseri Zone; Interval Biozone from the
FO of the index species Gansserina gansseri (Bolli, 1951)
to the FO of the next biozone marker species
(Abathemphalus mayareensis), as defined in Robaszyn-
ski and Caron (1995). In this paper we have followed
an informal subdivision of the Gansserina gansseri
Zone into two parts, based on the first appearance of
Contusetruncana centusa (Cushman, 1926).

In the lower part, G. gansseri appears with Centuse-
truncena walfischensis (Todd, 1970), Glebetruncanelia
pschadae (Keller, 1946), Planeglobulina acervulineides
(Egger, 1899), Plummnerita reicheli (Brénnimann, 1952),
Rugeglobigerina milamensis (Smith and Pessagno, 1973),
Rugegiobigerina pennyi (Brénnimann, 1952), and
Rugeglobigerina sceiti (Brénnimann, 1952). None of
these species has been recognized in the previous
biozones.

The upper part of the G. gansseri Zone is defined by
the FO of Centusetruncana centusa (Cushman, 1926).
Other marker species also first appear in this part of the
zone. These are Glebetruncana dupeublei (Caron, Gon-
zalez Donoso, Robaszynski and Wonders, 1984),
Racemiguembelina fructicesa (Egger, 1899), Rugegiobi-
gerina macrecephala (Brénnimann, 1952), and Rugegle-
bigerina retundata (Bronnimann, 1952). The upper part
of the zone would be equivalent to the Centusetruncana
contusa/ Racemiguembelina fructicesa Zone of Premoli
Silva and Sliter (1995), defined at Gubbio (Italy), and
also to the Centusetruncana centusa subzone of Robas-
zynski et al. (2000) in Tunisia.

The age of the G. gansseri Zone, according to
Hardenbol et al. (1998), is latest Campanian to late
(but not latest) Maastrichtian. By comparison with
Premoli Silva and Sliter (1995), the upper part of this
biozone (defined by the first appearance of C. centusa)
would characterize the lower part of the upper
Maastrichtian. A notable point is that in our sections
the FO of Centusetruncana walfischensis is within the
lower part of the G. gansseri Zone, much below the FO
of C. centusa and R. fructicesa. This differs from the
situation in Tunisia where Robaszynski et al. (2000)
found that C. centuse and C. walfischensis appear more
or less at the same stratigraphic levels.

Abathemphalus mayareensis Interval Zone; defined
as in Robaszynski and Caron (19995). In our sections,
A. mayareensis co-occurs with several species of Glebe-
truncena and Glebetruncenita up to the Cretaceous/
Palaeogene boundary (Figs. 5—10). The estimated age
for this highest biozone of the Cretaceous is late
Maastrichtian—latest Maastrichtian.

Despite the differences explained above, the strati-
graphic distribution of planktic foraminifera in this
sector of the Betic Ranges is very similar to that of
central Tunisia, and an equally similar succession of
bioevents is recognized; hence the biozonation proposed



by Robaszynski et al. (2000) for Kalaat Senan has been
adopted for our study area.

However, comparison of this biozonation with that
proposed by Odin (2001) and Odin et al. (2001) for the
Campanian—Maastrichtian reference section of Tercis
(south-west France) indicates significant difterences. The
biozonation of the Tercis succession comprises four
zones: Glebetruncana ventricesa{Glebetruncana rugesa,
Radotruncana calcaraia, Globeiruncanella havanensis/
Rugeglobigerina rotundata, and Rugeglebigerina scettif
Centusetruncema centusa. It is based on a succession of
bioevents that could not be recognized in our sections.

The FO of Glebetruncana aegyptiaca at Tercis is
confusing because it has been ‘‘diversely located by the
different specialists” and “surprisingly, in levels below
the Rd. calcarata-bearing deposits” (Odin et al., 2001, p.
391). The FO of G. aegyptiaca in the Prebetic area is
below that in the Tercis section, since it may appear
within the G. ventricesa Zone.

The FO of G. stuarti at Tercis is in the GI. havanensis/
Rg. retundata Zone, whereas in the Prebetic area it has
been recognized within the G. calcarata Zone.

The FO of Rg. retundata, which at Tercis is in the G/
havanensis|Rg. retundata Zone, is higher in the sections
of the Prebetic area, in the upper part of the Gansserina
gansseri Zone.

At Tercis, the lower boundary of the Rg. scetti/C.
centusa Zone is defined by the first co-occurrence of the
two marker species. However, in the Prebetic sections
the FO of Rg. scetti is often below that of C. centuse.
Hence, the FO of Rg. scetti is within the lower to mid-
dle part of the G. gansseri Zone, whereas the FO of
C. centusa is in the upper part of this zone.

To summarize, the lowest two biozones defined at
Tercis, G. ventricosa/G. rugesa and Rd. calcarata, are
probably equivalent to the G. ventricesa and G. calcarata
biozones of the Prebetic area, respectively, but the other
two biozones at Tercis, GI. havanensis/Rg. retundata and
Reg. scetti/C. centusa, cannot be applied in our area.

Our results reveal that the succession of bioevents in
the Prebetic area is quite similar to that of the Kalaat
Senan region, but not comparable to the succession
recognized in the Tercis area. The reasons for these
discrepancies may reflect palaeogeographical or palae-
oenvironmental differences, or dithculties with forami-
niferal taxonomy. During the latest Cretaceous, the
Prebetic and Kalaat Senan areas were on opposite
margins of a closing Tethys Ocean (Fig. 1), in which the
dispersion of pelagic forms was very effective. By
contrast, the Tercis area, located on the Atlantic margin
of Europe, had poor communication with the Tethys
from the early Campanian onwards. A limited in-
terchange of faunas with the southern domains could
be expected. With respect to the palaeoenvironments,
the Kalaat Senan and the Tercis sections were deposited
in quite different settings: relatively deep hemipelagic to

pelagic settings in the first case, shallower, outer shelf
settings in the second. This could suggest a certain
environmental control in the faunal assemblages.
However, in the Prebetic sections we have studied,
deposition evidently took place in a wide range of water-
depths, ranging from the outer platform (probably
shallower than those of Tercis) to upper—middle bathyal
(comparable to Kalaat Senan), and the planktic for-
aminifera in all of the sections have a similar biostra-
tigraphic distribution patterns.

5. Conclusions

This paper presents the results of the first integrated
sedimentological and biostratigraphical analysis of the
Late Cretaceous (latest Santonian—latest Maastrichtian)
open marine deposits of the eastern to southern part of
the Prebetic Zone (Betic Ranges). Ten stratigraphic
sections, reflecting depositional environments ranging
from outer platform to bathyal, have been studied and
correlated. This enabled the recognition of a succession
of seven planktic foraminiferal biozones from the
uppermost part of the Bicarinella asymetrica Zone to
the Abathemphaius mayareensis Zone. The G. gansseri
Zone has been divided into two parts by the first
appearance of Centusetruncana centusa. The planktic
foraminiferal assemblages of this sector of the Betic
Ranges have revealed that the succession of bioevents is
quite similar to that of the Kalaat Senan region, but is
significantly different from that of the reference section
of Tercis. This suggests that further study is necessary in
order to establish global correlations for this latest
Santonian—latest Maastrichtian interval.
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