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| ABSTRACT |

The stratigraphic basis of this work has allowed the use of larger foraminifers in the biostratigraphic character
sation of the new Shallow Benthic Zones (SBZ). This part of the volume presents a description of the sedimel
tary cycles formed by the transgressive-regressive systems of the Lutetian and Bartonian in the southeastern s
tor of the Ebro Foreland Basin. Concerning the Lutetian deposits studied in the Amer-Vic and Emporda area
four sedimentary cycles have been characterised. The first and second are found within the Tavertet/Girot
Limestone Formation (Reguant, 1967; Palli, 1972), while the third and fourth cycles cover the Coll de Malla
Marl Formation (Clavell et al., 1970), the Bracons Formation (Gich, 1969, 1972), the Banyoles Marl Formation
(Almela and Rios, 1943), and the Bellmunt Formation (Gich, 1969, 1972). In the Bartonian deposits studied il
the lgualada area, two transgressive-regressive sedimentary cycles have been characterised in the Collbas |
mation (Ferrer, 1971), the Igualada Formation (Ferrer, 1971), and the Tossa Formation (Ferrer, 1971). The Sh
low Benthic Zones (SBZs) recognised within the Lutetian are the following: SBZ 13, from the Early Lutetian, in
the transgressive system of the first cycle; SBZ 14, from the Middle Lutetian, in the second cycle and the lowe
part of the transgressive system of the third cycle; SBZ 15, from the Middle Lutetian, in the remaining parts o
the third system; SBZ 16, from the Late Lutetian, throughout the fourth cycle. The association of larger
foraminifers in the first and second cycles of the Bartonian in the Igualada area has been used as the basis for
definition of SBZs 17 and 18 recognised in the Bartonian of the western Tethys.
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INTRODUCTION South Pyrenean Foreland Basin (Ebro Basin), is well-
known thanks to the works of previous authors. The

The lithostratigraphy and biostratigraphy of the Middle regional lithostratigraphic-sedimentological studies by
Eocene (Lutetian and Bartonian) in the eastern sector of the Reguant (1967), Kromm (1967), Ferrer (1971), Gich
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(1972), Palli (1972), Estévez (1973), Anadén (1978a), However, the synthesis presented here is not only based on
Colombo (1980), Busquets (1981) and Taberner (1983-84), a compilation of the existing bibliography. It also draws on the
together with the biostratigraphic studies by Ruiz de Gaona map and stratigraphic information included in the 1:25.000
(1952), Ruiz de Gaona and Colom (1950), Hottinger scale maps produced by the Institut Cartografic de Catalunya
(1960), Reguant (1967), Colom (1971), Ferrer (1971), -Servei Geologic de CatalunygSaula et al., 1994a; Mat6 et
Caus (1975), Schaub (1981), Serra-Kiel (1984) and al., 1995a, b; Picart et al., 1995; Mat6 et al., 1996; Pi et al.,
Tosquella (1995), allowed the drawing of the first schemat- 1997; Pi et al., 2000; Puig et al., 1997a, b; Saula et al. 1997;
ic stratigraphic correlations between the marine and transi- Losantos et al., 2000, 2001; Martinez et al., 2G0@) on the
tional deposits of the Ebro Foreland Basin (Kromm, 1968; lithostratigraphic and biostratigraphic work of the members of
Gich, 1972; Rosell et al., 1973; Riba, 1975). the Spanish Working Group of the IGCP 393.

Despite these numerous stratigraphic, sedimentologic, The list of genera and species cited in this issue is
and biostratigraphic studies carried out on the autochtho- included as Appendix Il at the end of the volume.
nous Paleogene deposits of the South Pyrenean Foreland
Basin, few authors have attempted an analysis based on
the differentiation of stratigraphic units limited by allo- GEOLOGICAL SETTING
cyclic events, and thus identifiable throughout the basin.
The difficulty in undertaking such an analysis lies in the Structure
important influence of tectonic activity on the sedimenta-
tion of the basin, especially in the northern part of the area, The Pyrenees correspond to the western termination of
and in the effects of tectonic processes which subsequen-an orogenic belt formed during the Tertiary due to clousure
tly truncated the physical continuity of the deposits. In this of the Tethyan Sea located between the converging African
sense, the studies by Puigdefabregas et al. (1986) andand European plates (Fig. 1). The relatively straight and E-
Barnolas (1992) use sequential analysis to divide the W-trending Pyrenean orogen developed because of the
Paleogene marine deposits of the South Pyrenean Basinnorthward subduction of the Iberian lithosphere beneath
into depositional sequences, genetically related to the Europe as imaged by the deep seismic reflection ECORS-
development of thrust sheets on the active margin Pyrenees profile (Choukroune et al., 1989). The Pyrenees
(allochthonous Pyrenean units). merge eastward with the highly arcuate Alps, which formed
above a southward European lithospheric subduction under-
In this paper we use term ‘sedimentary cycles’ in the neath Adria, the northern promontory of the African plate
sense of Johnson et al. (1985) and Bates and JacksonECORS-CROP Ber Seismic SOUNDING GROUR 1989).
(1987), used in the previous works on the Ebro Foreland Both orogens are doubly sided with a major foreland basin
Basin by Lépez-Blanco (1996) and Lopez-Blanco et al. on top of the lower plate (e.g. Mufioz, 1992; Pfiffner, 1992).
(2000). These cycles comprise all deposits laid down in a The Ebro Foreland Basin and the Molasse Basin represent
basin between the beginning of two transgressive systems.the latest evolutionary stage of the flexural foreland basin.
These cycles are equivalent to the depositional sequencesEarlier foreland-basin strata are preserved in piggyback
of Vail et al. (1984), Posamentier and Vail (1988) and basins on top of thrust sheets. The Aquitaine Foreland Basin
Posamentier et al. (1988), without lowstand diposits that developed on the northwestern side of the Pyrenees and rep-
do not outcrop in the marginal parts of the basin, such as resents a retro-foreland basin.
those studied here. In a marginal context, the transgressive
and regressive systems are easy to identify from the sharp  The southeastern side of the Ebro Basin displays an
contacts found at lithologic changes, reflected both at irregular shape bounded by the Pyrenees to the north and
stratigraphic and cartographic levels. Thus, we have dif- the Catalan Coastal Ranges to the southeast (Fig. 2). This
ferentiated six cycles. Four cycles are Lutetian in age and irregular geometry is due to both the oblique trend of the
two are from the Bartonian. Catalan Coastal Ranges with respect to the Pyrenean chain
and the succession of frontal and oblique segments of the
The aim of this paper is to offer a synthesis of the Pyrenean front, inherited from the Mesozoic extensional-
stratigraphic (including lithostratigraphic and biostrati- basin geometry (Puigdefabregas et al., 1992; Vergés and
graphic) features of the marine deposits of the Middle Burbank, 1996). The Southeastern Pyrenean Foreland
Eocene (Lutetian and Bartonian) in the eastern sector of Basin developed almost entirely over pre-Mesozoic base-
the South Pyrenean Foreland Basin (Ebro Basin). The ment and stands in contrast to the more westerly Jaca
chronostratigraphic results obtained from the correlation Basin which developed on top of a detached Mesozoic
between the planktic foraminifer biozones, the larger section (e.g. Séguret, 1972; Teixell, 1996).
foraminifers and the magnetostratigraphy were used to
define the larger foraminifer biozones (Shallow Benthic The Vallfogona Thrust represents the major thrust
Zones) published by Serra-Kiel et al. (1998a, b). boundary between the southeastern Pyrenean thrust sheets
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FIGURE 1| Tectonic sketch of the Western Mediterranean showing the location of the Tertiary orogenic belts and adjacent fore-
land basins according to Vergés et al. (1998). Thick black lines with black triangles bound shaded orogenic regions. C. C. R.=
Catalan Coastal Ranges.

and the deformed foreland strata (Fig. 2). The thick Tertiary tectostratigraphic units in the sense of Weller (1958) and
succession cropping out in the Cadi thrust sheet is folded at modified after Vergés et al. (1998), (Fig. 3).

the Ripoll syncline (Mufioz et al., 1986; Puigdefabregas et

al., 1986). The lower segment of this stratigraphic succes-  The first tectostratigraphic unit is llerdian to Early
sion represents the northern part of the former SoutheasternCuisian in age and comprising SBZ 5 to SBZ 10, based on
Pyrenean Foreland Basin whereas the upper segment rep-magnetostratigraphy (Serra-Kiel et al., 1994; Bentham and
resents the individualization of this part of the trough as a Burbank, 1996) correlated with biostratigraphic data (Se-
piggyback basin, the Ripoll Basin, after the inception of the rra-Kiel et al., 1994). This first unit started with a trans-
Vallfogona thrust. A large part of the Ebro Foreland Basin gressive system composed of the shallow-makiaeolina

is deformed by a system of folds and thrusts, in part coeval limestone of the Cadi Formation (Mey et al., 1968), ller-
to deposition (Puigdefabregas et al., 1986; Burbank et al., dian and Early Cuisian in age. The age of the base of the
1992a), and detached above a suite of foreland evaporitic Cadi Formation decreases toward the distal margin of the

levels (Vergés et al., 1996; Sans et al., 1996). basin: Early llerdian in the Pyrenean thrust sheets, Middle
llerdian in the centre of the Ebro Foreland Basin and Mid-
Stratigraphy dle llerdian in the southern and distal margin (Orpi Forma-

tion, Ferrer, 1971). The shallow-marine carbonate shelf
The Paleogene marine succession of the Southeasternrepresented by both the Cadi and Orpi formations merged
Pyrenean Foreland Basin has been divided into four major northward into the deeper-water calcareous mudstone of
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FIGURE 2| Geological sketch of the eastern part of the Ebro Foreland Basin between the Pyrenean thrust belt to the north and
the Catalan Coastal Ranges to the south according to Vergés et al. (1998).

the Sagnari Formation (Gich, 1969, 1972; Giménez-

ly grade upward into a 1000 m thick, slope facies asso-

Montsant, 1993). The regressive hemicycle is represented ciation mostly represented by carbonate and calcareous

by a prograding deltaic clastic wedge capped by fluvio-
lacustrine facies of the Corones Formation (Gich, 1969,
1972; Giménez-Montsant, 1993), Early Cuisian in age
(Tosquella, 1995; Tosquella and Samso, 1998).

The second tectostratigraphic unit is Middle Cuisian
to Early Lutetian in age and contains SBZ 11 to SBZ
13, based on magnetostratigraphy (Bentham and Bur-
bank, 1996) correlated with biostratigraphy (Samso et
al., 1994; Tosquella, 1995; Tosquella and Sams6, 1998).
This unit starts with shallow-marine limestone of the
uppermost part of the Corones Formation, which rapid-

Geologica Acta, Vol.1, N°2, 2003, 177-200

mudstone, often slumped from the Armancies Forma-
tion (Gich, 1969, 1972). This slope association includes
up to seven decametric megabreccia units interpreted as
the result of slope resedimentation of coeval carbonate
shelf. They constitute the Penya Formation (Estévez,
1970, 1973; Giménez-Montsant, 1993). In the northern
margin of the basin, over 700 m of siliciclastic tur-
bidites of the Campdevanol Formation (Gich, 1969,
1972), linked to southward-prograding fluvio-deltaic
and fan-delta systems of the lowermost part of the Bell-
munt Formation (Gich, 1969, 1972), overlie the slope
marl facies.
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modified from Vergés et al. (1998). Biostratigraphic data combined with magnetostratigraphic information (Burbank et al.
1992a,b; Vergés and Burbank 1996; Serra-Kiel et al. 1994) define the chronostratigraphic framework of this area. Global pola-
rity time scale from Cande and Kent (1995). Larger foraminifers biozones (SBZ) from Serra-Kiel et al. (1998a, b).

The third tectostratigraphic unit is Early Lutetian to posed of deltaic facies (sandstone and marl), north-grad-
Late Lutetian in age. This third unit starts with a new ing basinward to prodeltaic-offshore marl of the Igualada
transgression recorded at the northern basin margin by aFormation (Ferrer, 1971). The overall offlapping trends of
glauconite-rich level. The mostly sandy, nearshore to these terrigenous wedges are locally punctuated by minor
deltaic facies association of the Cal Bernat Formation onlapping transgressive pulses leading to the local and
(Busquets, 1981) and Bracons Formation (Gich, 1969, temporary development of carbonate facies and reef
1972) unconformably overlie previous continental build-ups, such as the Tossa Formation (Ferrer, 1971) and
deposits of the lowermost part of the Bellmunt Formation Sant Marti Xic Limestone Formation (Reguant, 1967).
(Gich, 1969, 1972). These sandy facies are overlain by a These mixed terrigenous-carbonate wedges overlie the
thick, southward-prograding, terrigenous fluvio-deltaic transgressive, glauconite-rich, shelf sandstone complex of
wedge (Mato et al., 1994), comprising the conglomerate, the Folgueroles Sandstone Formation (Reguant, 1967)
sandstone and marl of the Bellmunt Formation (Gich, and are capped in turn by an evaporitic plug of the Car-
1969, 1972) and Banyoles Marl Formation (Almela and dona Formation (Riba, 1967, 1975) that fills up the
Rios, 1943). The thickness of this fluvio-deltaic wedge is marine basin.
around 700 m to the east of the studied area. To the south,
these fluvio-deltaic clastics overlap a southern carbonate
platform of the Tavertet/Girona Limestone Formation THE MARINE LUTETIAN CYCLES
(Reguant, 1967; Palli, 1972).

The marine sedimentation in the southern part of the

The fourth tectostratigraphic unit is Bartonian in age. South Pyrenean Foreland Basin was not significant until
This fourth unit is characterised by the absence of well- the Lutetian, although there is a prior intercalation of ller-
developed shelf carbonate deposits. This is because of thedian marine deposits in the Orpi Formation (Ferrer, 1971).
simultaneous progradation from both basin margins: the The Lutetian marine units have an important lateral exten-
Catalan Coastal Ranges to the south (e.g. Montserrat fan-sion in the western part of the southern margin of the
delta deposits, Lopez-Blanco et al., 2001) and the Pyre- basin, stretching from Vic in the west to the Mediterranean
nean margin to the north with the Milany Formation sea in the east (Fig. 4). These materials (Fig. 5) change
(Gich, 1969, 1972) and the Puigsacalm Sandstone For- transitionally towards the south to the continental deposits
mation (Gich, 1969, 1972). These formations are com- of the Romagats Formation (Colombo,1980).
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The Lutetian marine units and their continental equiv- These sandstone beds display medium scale, low angle,
alents lie on alluvial-fluvial mudstone, sandstone and con- planar cross lamination. Decimetric beds of bioturbated
glomerate that were attributed by Palli (1972) to the Pon- sandy limestone, oolitic and porcellaneous foraminifer
tils Formation (Ferrer, 1971), and were later redefined by grainstone and packstone occur interbedded with these
Colombo (1980) as the Vilanova de Sau and Romagats sandstone beds. In the last 15 m, the sandstone beds
Formations in the Vic area. Both authors have assigned become scarcer, being replaced predominantly by pack-
these deposits a Cuisian-Early Lutetian age. stone and, to a lesser extent, by wackestone of miliolids

and Alveoling and monospecific packstone-wackestone

Four sedimentary cycles have been differentiated within beds of Nummulites This vertical transition indicates a
the Lutetian marine units. The description of the stratigraph- deepening trend in the depositional environment, chang-
ic features of these cycles, and their outcrops, focuses on twoing from littoral facies at the base to inner shelf facies at
separate geographical areas, each with different sedimento-the top of the cycle (Fig. 6). The upper boundary is marked
logical characteristics. These are the Amer-Vic area in the by a sharp contact with the bottom facies of the overlying
western part of the basin, and the Emporda area in the east. 2™ Cycle.

The Amer-Vic Area To the south (Fig. 5), the deposits of this Qycle
change transitionally into the continental deposits of the
The Amer-Vic area (Fig. 4) comprises autochthonous Romagats Formation (Colombo, 1980). To the north, the
deposits located to the south of the South Pyrenean Frontalsiliciclastic intercalations become less numerous, indicat-
Thrust (Mufioz et al., 1986), extending from the Vic area ing that the detritic supply came exclusively from the
in the west to the Camos-Celra extensional fault (Saula et south. The thickness of the deposits of tfh€ylcle is con-
al., 1994b) in the east. stant along this section.

The four sedimentary cycles differentiated within the Second Sedimentary Cycle
Lutetian marine units have been ordered by decreasing age.
In this zone the four cycles can be clearly distinguished and, Lithostratigraphically, the materials of thé& Zycle
furthermore, their north-south evolution can be analysed. are equivalent to the upper part of the Tavertet/Girona
Limestone Formation (Reguant, 1967; Palli, 1972).
First Sedimentary Cycle
This 2¢ Cycle is mainly composed of carbonate beds
Lithostratigraphically, the materials that make up the (Fig. 6), and indicates a general trend towards a deepening
1% Cycle are equivalent to the lower part of the Tavertet of the depositional environment. The thickness of the
Limestone Formation (Reguant, 1967) and the lower part deposits of the™Cycle varies between 100 and 125 m.
of the Girona Limestone Formation (Palli, 1972).
This cycle is made up of metric thick sandstone beds,
Two parts can clearly be distinguished in this cycle: a sandy limestone, and packstone and grainstone beds. The
lower siliciclastic interval, and an upper, much thicker, siliciclastic components are more important in the lower part
mostly carbonate interval. The cycle records a general of the unit and in the southern areas. There is widespread
deepening in the depositional environment. evidence of intense bioturbation. The sandstone beds include
coarsening-upwards sequences, some of them with high-
The maximum thickness of the cycle is about 55 m (Fig. angle planar cross stratification, indicating a northward
6). The lower interval, up to 5 m thick, is made up of milli- progradation. These facies alternate with fining-upwards
metric and centimetric sequences of siltstone, claystone, andsequences in which the upper part is richer in bioclasts. The
variegated sandstone. There are also millimetric intercala- packstone and grainstone, generally nodular in appearance,
tions of alabastrine and columnar gypsum with some pelitic are characterised by an abundancBluhmulitesand, to a
breccia intraclasts. In the upper interval, decimetric beds of lesser extent, of oysters, equinids and, in their upper part, of
sandstone are interbedded. These sandstone beds have medhssilina The limestone beds have been interpreted as a pro-
um-scale, planar cross laminations reflecting a north western tected shelf-inner shelf transitional facies, with abundant
paleocurrent. A ferruginous crust caps on top the last bed in monospecific banks dilummulites Some of these banks,
this interval. This succession marks the base oftydle, when reworked, became littoral bars made up of grainstone
representing the transition between the underlying continen- of Nummuliteswith imbrication and interpenetration marks
tal deposits of the Vilanova de Sau/Pontils Formations and between the specimens due to compaction.
the marine deposits of the base of the Lutetian.
The upper boundary of thé*Zycle is marked by an
The upper part of the cycle is 50 m thick and has a pre- intensely bioturbated ferruginous biocalcarenitic level
dominance of centimetric and decimetric sandstone beds. which locally shows a high glauconite content. This bed
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FIGURE 4| Geological sketch of the Amer-Vic and Emporda area.

has been interpreted as a condensation level and representa transgressive system. The upper part, with a thickness
the transgressive surface which developped between theincreasing to the north to up to 1000 m, composed of azoic

2" and 3' Cycles.

To the south, the facies of th& Zycle change transi-
tionally to the alluvial continental facies of the Romagats
Formation (Colombo 1980), with a progressive reduction of

marl grading upwards to interbedded azoic marl, sand-
stone and conglomerate. This upper part is interpreted as
the regressive system assemblage (Figs. 5 and 6).

The bottom of the transgressive system consists of the

the marine deposits (Fig. 5). The transition is represented by above described transgressive surface, on top of the previ-
a transgreded alluvial fan, a transgressive beach sequenceous cycle. This surface contains, besides the glauconite,

and bars of reworkedummulitesThe transgressive system
of this 29 Cycle onlaps the previous cycle (Fig. 5).

Third Sedimentary Cycle

Lithostratigraphically, the materials of th€ Gycle are
equivalent to the lower and middle parts of the Coll de
Malla Marl Formation (Clavell et al., 1970), the Banyoles
Marl Formation (Almela and Rios, 1943), and to the low-

bioturbation and abundant fossils. The transgressive sys-
tem continues with metric-scale levels of blue marl with
fine centimetric and decimetric intercalations of blue
marly limestone layers. These latter display bioturbation
by Thallassinoidesand Ophiomorpha especially intense

at the base, and are very rich in fossil content. The facies
of this transgressive system are interpreted as siliciclastic
shelf deposits. The upper boundary of this transgressive
system is marked by a sharp contact with the azoic marl of

er part of the Bracons Formation (Gich, 1969, 1972) and the overlying regressive system.

Bellmunt Formation (Gich, 1969, 1972).

To the south (Fig. 5), the transgressive system deposits

In the southern and central parts of the studied area of clearly onlap the top of the®Cycle materials, and pass

the basin, the upper boundary of thisGycle is marked

by a sharp contact with the transitional facies of the 4
Cycle, while in the northern part this boundary can not be
distinguished since the contact is located within the conti-
nental facies.

Two parts with different lithological and sedimento-

logical features are distinguished in this cycle. The lower
part up, to 50 m thick and mainly marly, is interpreted as

Geologica Acta, Vol.1, N°2, 2003, 177-200

laterally into the continental deposits of the Romagats For-
mation (Colombo, 1980). The extent of the landward
ingression of these marine deposits is more important than
that of the corresponding phase of the previous cycle. The
transgressive system continues northward with very simi-
lar characteristics and thickness (Fig. 5).

The regressive system is composed of three intervals,
each with different lithological features: the lowest inter-
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FIGURE 5| Stratigraphical sketch across a north-south section showing the evolution of the facies during the Lutetian cycles.

val comprises prodeltaic facies, the intermediate one con-

sequences, which grade from lutite, at the base, to coarse

sists of deltaic-front facies, and the upper one is composed sandstone or conglomerate at the top, and with an abun-
of alluvial facies. The whole regressive system progrades dance of small- and medium-scale tractive laminations

southward (Figs. 5 and 6).

The lower interval is made up of claystone and dark blue
marl, finely stratified and practically azoic. These deposits

and internal erosion scars. These deposits have been inter-
preted as the product of stream-mouth-bar progradation
and the repeated infilling of interdistributary areas. In the
northernmost areas, the thickness of the sequence reaches

have been interpreted as distal shelf and prodelta deposits.some 450 m, a thickness which reduces towards the south-
The transition from these facies to those of the intermediate ern part of the basin, in part due to the transition to the

section occurs upwards and laterally to the north. The thick-

marl of the lower successions (Fig. 5). Lithostratigraphi-

ness of this group of facies increases to the north, reachingcally, the intermediate successions correspond to the low-

more than 350 m in the area of Banyoles (Figs. 4 and 5),
while in the south, the thickness is only 20 m. Lithostrati-
graphically, this interval corresponds to the upper part of the
Coll de Malla Marl (Clavell et al., 1970) and the Banyoles
Marl Formations (Almela and Rios, 1943).

The middle interval shows a very varied lithology,
with centimetric- to metric-thick layers of marl, marly

er part of the Bracons Formation (Gich, 1969, 1972).

The upper interval is made up of alluvial sandstone, red
mudstone and conglomerate (Fig. 6). The coarse-grain con-
tent is greater to the north and in the upper successions.
Overall, facies relationships indicate north-south prograda-
tion. To the south, the continental facies change gradually
into the facies of the middle interval, fining down and disap-

limestone, sandstone, and some conglomerate beds (Fig.pearing completely some kilometres north of the southern

6). These facies correspond to very varied depositional
environments, from deltaic to mixed shelf environments.
In general, the mixed shelf facies occur more frequently in

the northernmost areas and in the lower part of the suc-

margin of the basin (Fig. 5). The maximum thickness of this
upper interval is difficult to determine, given that in the
northern areas the boundary with the succeeding cycle is
located within the continental facies. The lithostratigraphic

cessions. Within these facies, there is an abundance of lev-unit which corresponds to this upper interval is that of the

els of bioclastic sandstone which are of metric thickness

Bellmunt Formation (Gich 1969, 1972), although in the

and show medium- to high-scale cross-bedding. Some of northernmost areas this unit has also been attributed to the

these levels are composed entirelyNafmmulites with

continental equivalents of the subsequent sedimentary cycle.

imbricated specimens, and have been interpreted as bars of

reworked Nummulites The deltaic facies make up the

On the southern margin (Fig. 5), the regressive system

thickest part of the series. Within these facies there are is represented by bars of fine- to medium-grain sand

many metric thickening- and coarsening-upwards

Geologica Acta, Vol.1, N°2, 2003, 177-200

which alternate with azoic marl. Thickness is about 20 m.

|184|



J. SERRA-KIEL et al.

=
o % o ¥
£ ﬂ s
[T L
T i
o o e
wom 3 ol
=1 = =
25 23
E
W
-l
-
|
=
s HEAR-SHDRE
= FACIES
2
J'l . -
Lipper i
Irrimryad =
£
£
-
-
FLLUWIAL ¥
——— (=]
ALLLIWIAL z
FACIES g
. =]
3 Q
> T
il | il
3 L
:. T
-‘I:I T
-1 .
b o E Midctia Inerval
i in
L o
= al
ke £ DELTAK FRONT
g g FACIES
X = .
E MIXED SHELF
it FACIES
IR B Lower Interal =
By g
(== propELTAIl | § 5
7 | FACIES =
E m._._.-___ -'-:;I j
23 -t giLicicLagTIc | S 8
EE | SHELF i &
e FACHES T
E“ _= S _&l .5 o
Y E =5 =
o s e e ]
y  F 2
I'F g
5 g
p SHELF @
F FACIES =
E T T el
i 3
i o
T
=4
—_ | E
; mKHER BHELF FACIES E
T LITORAL w
FACIES %
=
LAGOONK OFFORITE
w
[=]
ALLUVIAL g'f
FACIES =)
=
=

Geologica Acta, Vol.1, N°2, 2003, 177-200

Marine and transitional Middle/Upper Eocene units in NE Spain

During the deposition of the regressive system assem-
blage of the 8 Cycle the basin was asymmetric. This is
reflected in the decrease in thickness of the deposits from
a minimum of 1200 m in the northernmost outcrops to
only tens of metres in the southern margin (Fig. 5). This
asymmetry is interpreted as the result of the northward
flexing of the lithosphere due to the emplacement of over-
thrust units on the hinterland basin. At the same time, the
presence of these overlapping units brought about an
important increase in the quantity of deposits which orig-
inated on the northern margin of the basin, producing the
north-south progradation of the regressive system and the
consequent predominance of continental deposits in the
northern part of the basin (Fig. 5).

Fourth Sedimentary Cycle

Lithostratigraphically, the materials of thig' €ycle
are equivalent to the upper parts of the Coll de Malla Marl
Formation (Clavell et al., 1970), the Bracons Formation
(Gich, 1969, 1972) and Bellmunt Formation (Gich, 1969,
1972). The upper boundary of the cycle is marked by a
sharp contact with the sandstone beds of ttgattonian
Cycle.

The lithology of the materials which make up the base
of this cycle is predominantly siliciclastic in the northern
part of the basin. To the south, the lower part is carbonate
and the upper is siliciclastic, representing a transgressive
and a regressive system, respectively. The trend marked
by the whole cycle is one of a progressive shallowing of
the depositional environment, and the unit as a whole has
a thickness of some 80 m (Figs. 5 and 6).

In the southern part of the basin, the transgressive sys-
tem begins with decimetric beds of marl and marly lime-
stone withNummulites It is followed by a metric-thick
level of packstone and porcellaneous foraminifer grain-
stone (miliolids, Idalina, Orbitolites Alveoling. These
facies, which represent the transgressive system assem-
blage, are interpreted as having been laid down in inner
and protected shelf environments.

In the northern part of the basin, the materials at the
base of the cycle show a much greater siliciclastic influ-
ence, seen in the transition from the marly deposits at the
base to the sandy limestone and sandstone. The calcareous
sandstone beds which show evidence of bioturbation and
contain abundant porcellaneous foraminifers, have been
interpreted as being facies of the near shore-inner shelf
transition, laid down in a transgressive context.

FIGURE 6] Synthetic stratigraphical section of the Lutetian
units from the Amer-Vic area.
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The facies of the regressive system, in the southern part of  The lower part (Fig. 7d), 5 m thick, is similar in
the basin, are characterised by decimetric beds of marl, marly character to the lower part of th& Qycle in the Amer-
limestone, limestone and sandstone which are particularly fre- Vic area described above. It is composed of an alter-
guent in the upper part of the cycle. In the northern part of the nating sequence of millimetric-centimetric beds of
basin, the sandstone beds dominate the regressive systemmarl, siltstone, sandstone, and microconglomerate, laid
reaching thicknesses of metric order. Many ripples, together down as lagoon and barrier-island facies, with an
with medium-scale planar and trough cross-laminations, occur important siliciclastic supply from the continent. This
within these facies which have been interpreted as shorefacesection represents the base of tHeCycle and marks
facies. In the northernmost areas, where tHeyle deposits the transition from the continental facies of the Pontils

overlie the continental facies of tHeGycle, the sedimentation
is completely siliciclastic and is composed of decimetric beds
of sandstone with occasional intercalations of conglomerate.

In the south of the basin, the marine deposits of this
cycle pass laterally to the continental deposits of the
Romagats Formation (Colombo, 1980), forming the deep-
est interfingered wedge in this formation (Fig. 5). This
fact, together with the fact that to the north the marine

Formation (Ferrer, 1971) to the Lutetian marine facies.
In the easternmost part of the area (Fig. 7a), the thick-
ness of the Pontils Formation is minimal or non-exis-
tent. The facies at the base of tlfeClycle being is in
discordant contact with the underlying Paleozoic. In
these eastern parts of the Emporda area, the facies of
the lower part are composed of a 2 to 3 m thick beds of
coarse conglomerate and bioclast with abundumh-
mulites

deposits of this cycle overlie continental deposits to a dis-
tance of some 5 km, have led this cycle to be interpreted  The conglomerate beds are composed of Paleozoic
as the most transgressive of the Lutetian. In the northern pebbles supplied by the Begur Massif, located to the
part of the basin, the deposits of this cycle have been erod- south. They are imbricated landwards as the result of their
ed over a large area, making it impossible to observe the reworking by waves during the early stages of the marine
marine-continental transition. However, it is probable that transgression which marks the limit of th# Lutetian
this transition was to the continental facies of the Bellmunt Cycle. In this area, the limestone layers of therd 2¢
Formation (Gich, 1969, 1972) (Fig. 5). Cycles change laterally to bioclastic ochre sandstone, rep-
resenting beach facies, and then to continental conglomer-
Lithostratigraphically, the materials of thé' Cycle ate. The transition occur very rapidly in only about 20 m
correspond to the upper part of the Bracons Formation indicating a very low level of supply from the uplifted area
(Gich, 1969, 1972). on the southern margin of the basin.
The Emporda Area The upper part of this unit is composed of carbonate
deposits made up of packstone and grainstone, with an
This area is further to the east than the Amer-Vic area abundance of bioclasts and larger foraminifers. In the low-
and comprises the autochthonous deposits located to theer part of this section there are scattered intercalations of
south of the South Pyrenean Frontal Thrust between the sandy limestone which indicate some terrigenous supply
Camods-Celra extensional fault in the west and the Mediter- from the continent.
ranean sea in the east (Fig. 4). In the western part of this
area, the outcrops are heavily affected by tectonic activity The upper boundary between thieahd 2° Cycles is
and the majority show only incomplete sections. For this marked by an intensely bioturbated biocalcarenitic ferrug-
reason, only the eastern outcrops are described here (Fig. 7)inous level with a high glauconite and fossil content. This
level is similar to that described at the top of tieC3cle
The F and 2¢ Cycles are described together since the in the Amer-Vic area and has been interpreted as a con-
boundary between them is not clear, probably because thedensation level representing the transgressive surface
contact is a paraconformity between similar marine deposits between the®and 3' Cycles.
laid down in very near-shore-type environments (Fig. 7a, c).
In the eastermost part of the Emporda area, the 3
Lutetian cycle is missing (Fig. 7a) and the top of tffe 2
Lutetian cycle shows a paleokarst that affects the lime-

First and Second Sedimentary Cycles

Taking these two cycles as a whole, two parts with dif-
ferent lithological features can be distinguished (Fig. 7a, c,
d). The lower part is siliciclastic, while the upper one,
much thicker, is carbonate. The general trend exhibited is
one of facies laid down in a deepening depositional envi-

stone beds of thes'land 2¢ Lutetian cycles. This pale-
okarst is filled up with laminated bioclastic sandstone with
Nummulitesfrom the 4' Lutetian cycle.

Lithostratigraphically, the materials of th& and 2°

ronment. The thickness of the unit as a whole increases Cycles correspond to the Tavertet/Girona Limestone For-

from 25 m in the east to 75 m in the west.

Geologica Acta, Vol.1, N°2, 2003, 177-200

mation (Reguant, 1967; Palli, 1972).
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FIGURE 7| Selected stratigraphic sections showing the Lutetian sedimentary cycles in the Emporda area (Fig. 6). A: Pals beach
section, B: Massos de Pals section, C: Fonteta (Can Ametller) section, D: Fonteta (Can Barrabas) section.

Third Sedimentary Cycle The lower part presents a predominantly marly lithol-
ogy, with a thickness that ranges from 10 m in the east-

Two parts with different sedimentological features can ernmost outcrops to 25 m in the west. This lower part,
be distinguished within this cycle (Fig. 7b, c). which represents the transgressive system, is very similar

Geologica Acta, Vol.1, N°2, 2003, 177-200 |187]|
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to the corresponding section in the Amer-Vic area. It is
made up of metric beds of blue marl with fine, centimetric
and decimetric intercalations of intensely bioturbated blue
marly limestone with a high fossil content.

The upper part of the cycle is made up of marl with

Marine and transitional Middle/Upper Eocene units in NE Spain

THE MARINE BARTONIAN CYCLES IN THE IGUALADA
AREA

The Paleocene-Eocene deposits along the southeastern
margin of the Ebro Foreland Basin in the Igualada area
(Fig. 2) consist of 2100 m thick alternating marine and

intercalations of limestone and fine sandstone. The thick- continental deposits. These deposits were divided from
ness is about 10 m and this part is interpreted as corre- bottom to top, according to Rosell et al. (1966, 1973), Fe-
sponding to the regressive system assemblage of the cyclerrer (1971, 1973), Anadén (1978a) and Anadén et al.
(Fig. 7c). In the central parts of the Emporda area, this (1983), into the following formal lithostratigraphic units:

upper part of the cycle is divided into a lower carbonate

interval of packstone and bioclastic grainstone, and an

-The Mediona level (Rosell et al., 1966), or Mediona

upper section of limestone with the same texture and with Formation (Anadén et al., 1983), is composed of red mud-

intercalations of marl with oysters and bioclastic sand-

stone layers with widespread paleosoils. It is up to 50 m

stone. The whole cycle has been interpreted as a group ofthick and has been attributed to the Late Thanetian

protected shelf facies with a siliciclastic supply from the

continent. In the easternmost outcrops of this cycle the

(Anadén, 1978a; Anaddn et al., 1983).
-The Orpi Formation (Ferrer, 1971) is composed of

regressive system comprises a sequence of siltstone withlimestone beds rich in miliolid€©rbitolitesandAlveolina.

well-marked millimetric stratification, and with intercala-
tions, in the lower part, of centimetric layers of marly

limestone, fine sandstone and an abundance of miliolids,

followed by azoic grey-ochre marl. This group of facies

It is up to 100 m thick and is attributed to the Early and
Middle llerdian (Hottinger, 1960).

- The Pontils Formation (Ferrer, 1971), upgraded to the
Pontils Group by Anadén (1978a), is composed of red

has been interpreted as protected-shelf grading to lagoonmudstone, siltstone, sandstone and conglomerate, and

deposits.
Fourth Sedimentary Cycle

This cycle begins with a lower part (Fig. 7b), about 2
m thick, composed of grainstone-textured carbonate with
a high porcellaneous foraminifer content (miliolitiali-
na, Fabularia, Orbitolites Alveoling. These deposits,

limestone of lacustrine facies. It is up to 900 m thick and
is attributed to the Late Ypresian-Early Bartonian age
(Anadén and Feist, 1981).

-The Santa Maria Formation was defined and subdi-
vided into the Collbas, Igualada and Tossa Members by
Ferrer (1971). This unit is composed of marine deposits,
up to 1100 m thick, and is attributed to the Bartonian
(“Biarritzian”) and Early Priabonian (Ferrer, 1971). In this

which form the transgressive system of the cycle, have paper we consider the Santa Maria Formation as a group,
been interpreted as protected-shelf-bar facies. The cycle and the Collbas, Igualada and Tossa Members as forma-

continues with an upper part of siliciclastic materials,

about 10 m thick, made up of marl with centimetric inter-

calations of bioclastic siltstone, marly limestone and occa-
sional packstone with a high miliolid content and some
gasteropodsMelate$. This upper part corresponds to the

regressive system.

The thickness of the deposits which make up this

cycle increases in a westerly direction. The upper bound-
ary is marked by a sharp contact with the arkosic sand-

stone of the 1 Bartonian Cycle (Fig. 7a, b). In the south-

tions, following Ferrer (1973), Rosell et al. (1973) and
Anadén et al. (1983).

-The Collbas Formation is composed of siltstone,
sandstone and conglomerate in the lower part, marl in the
middle part, and reefal limestone in the upper part. It is
attributed to the “Biarritzian” (Ferrer, 1971, 1973) or Ear-
ly Bartonian (SBZ 17) (Serra-Kiel et al., 1997).

-The lgualada Formation is composed of blue-grey
marl. It is attributed to the Early and Late Bartonian (Se-
rra-Kiel et al., 1997).

-The Tossa Formation is composed of reefal limestone

ern parts of the Emporda area, the base of the Bartonianin the type-section. In the other parts of the basin, this unit

is formed by a bioclastic calcarenitic layer rich in glau-
conite and iron.

The west-east reduction in the thickness of the Lutet-
ian units, from the Amer-Vic area to the Emporda area,

contains marl, sandstone and conglomerate of deltaic
facies interbedded with reefal limestone. It is attributed to
the Late Bartonian (Serra-Kiel et al., 1997; Romero, 1996,
2001; Romero et al., 1999).

-The Artés Formation (Ferrer, 1971) consists of red

and the transition to shallower environments in the same and grey claystone, sandstone and conglomerate and has

direction, indicate a clear west-east reduction of basin sub-

sidence and the proximity of the eastern margin of the

South Pyrenean Foreland Basin. This fact, first presented

by Palli (1972), would indicate the presence of an uplifted
massif in the area now occupied by the Mediterranean.

Geologica Acta, Vol.1, N°2, 2003, 177-200

been attributed to the Priabonian (Anadén et al., 1992).
At the top of the Tossa Formation and underlying the

Artés Formation, Travé (1992) defined the Terminal Com-
plex. This unit consists of dark marl, carbonate wacke-
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stone-packstone with miliolids, carbonate laminae con-
structed by bacterial mats alternating with gypsum lami-
nae, and gypsum deposits (Odena gypsum).

Stratigraphy of the Santa Maria Group

The geological sketch of the area (Fig. 8) and the
lithostratigraphic correlation between 13 stratigraphic sec-
tions (Fig. 9), show the geometric relationships between
the different units of the Santa Maria Group which, from
bottom to top and, according to Traveé et al. (1999), are:

Collbas Formation

This unit is up to 600 m thick and outcrops all along
the southern margin of the basin in the Igualada area (Fig.
9). It overlies the continental and lagoonal deposits of the
Pontils Group (Anadoén, 1978a; Anaddén and Marzo,
1986). The type-section is that of the Ermita de Collbas (3
in Figs. 8 and 9). Three parts have been differentiated in
this formation which, from bottom to top, ateawer Coll-
bas, Middle CollbagsndUpper Collbas.

The Lower Collbascomprises three intervals in the
southwestern part of the basin (Santa Maria de Miralles
and Ermita de Collbas sections, 1 and 3 in Figs. 8 and 9).
The first interval, up to 10 to 20 m thick, is composed of

Marine and transitional Middle/Upper Eocene units in NE Spain

nummulitic packstone layers up to 15 m thick. Towards
the centre of the basin (La Pobla de Claramunt-Puig
Aguilera section, 7 in Figs. 8 and 9), these deposits shade
into marl. The thickness of tHepper Collbascan reach

up to 120 m.

Castelloli Deltaic Complex

This unit is up to 100 m thick and is made up of con-
glomerate, sandstone, and azoic marl, organised in coarse-
ning and thickening-upwards sequences with trough cross-
bedding structures in the upper coarser facies (Riera de
Castelloli, Castelloli-Can Tarda, Brucs E, and Els Mollons
sections, 8, 10, 12 and 13 in Figs. 8 and 9). On the eastern
margin, the deposits of th@astelloli Deltaic Complex,
named Tur6 d en Tort Conglomerate by Anadén (1978b),
up to 300 m thick, are composed of conglomerate with
interbedded sandstone developing a coarsening-upward
sequence at the bottom and very coarse polygenic con-
glomerate at the top. Overlying the Turé d’en Tort Con-
glomerate, there are 30 m of massive sandstone, or marl
and sandstone with red matrix, named Roca Cagadera
Sandstone (Anadon and Marzo, 1986), which exhibit
thickening- and coarsening-upward sequences. All these
Castelloli Deltaic Compledeposits shade basinwards into
azoic blue marl with tempestite beds (Fig. 9).

conglomerate and coarse sandstone. The second interval Castelloli Marl and Limestone

from 63 to 85 m thick, consists of marl interbedded with

carbonate siltstone and wackestone-packstone layers with

widespread larger foraminiferdNgmmulites, Alveolina
and Orbitolites). Finally, the third interval, up to 10 m
thick, consists of reefal limestone. In the eastern part of the
basin (Els Mollons section, 13 in Figs. 8 and 9),ltber-

er Collbasis composed of marl and packstone layers made
up of larger foraminifers, mainiiscocyclina and is up

to 200 m thick. There are also small olistoliths of Triassic
limestone up to 1 m thick.

The Middle Collbas,in the western part of the basin
(Santa Maria de Miralles and Ermita de Collbas sections,
1 and 3 in Figs. 8 and 9), is composed of 120 m of marl
with larger foraminifers Jummulites Assilina, Operculi-
na and Discocycling and ahermatypical corals such as
Cyclolitopsis pateraD’AcHiarDI, 1867). In the eastern
part of the basin (Els Mollons section, 13 in Figs. 8 and 9),
a stratiform olistolith of Triassic limestone about 1800 m
long, 1500 m wide and up to 40 m thick is interbedded
between the marl (Anadon, 1978b).

The Upper Collbasin the western part of the basin
(Santa Maria de Miralles and Ermita de Collbas sections,
1 and 3 in Figs. 8 and 9), is composed of reefal limestone
interbedded with marl with abundant larger foraminifers.
In the eastern part of the basin (Els Mollons section, 13 in
Figs. 8 and 9) thelpper Collbass made up of marl with

Geologica Acta, Vol.1, N°2, 2003, 177-200

This unit developed on top of th@astelloli Deltaic
Complex(La Pobla de Claramunt-Puig Aguilera, Riera de
Castelloli, Castelloli-Can Tarda, Brucs W , Brucs E, and
Els Mollons sections, 7, 8, 10, 11, 12 and 13 in Figs. 8 and
9). It is composed, from the bottom upwards, of limestone
beds rich in oysters, packstone and grainstone made up of
larger foraminifers, and locally, coral and coralline-algae
build-ups interbedded with marl that contain larger
foraminifers, bryozoa, and molluscs. The thickness of the
Castelloli Marl and Limestonie up to 42 m in the Castell-
oli/Can Tarda section (10 in Figs. 8 and 9). Towards the
centre of the basin, this unit shades into an interval, up to
220 m thick, of marl with marine fossils.

Upper Deltaic-Reefal Complex

This unit, up to 380 m thick, outcrops in the NE and
in the SW sectors of the Igualada Area. It developed on
top of theCastelloli Marl and Limeston&nd below the
Terminal Complexinit (Fig. 9). The features of this unit
vary from area to area. On the western margin (La Tossa
section, 2 in Figs. 8 and 9), this unit is characterised by 60
m of limestone with abundant corals and coralline-algae,
interpreted as the aggradation of reefal facies with inter-
nal scars filled with grainstone, packstone and wacke-
stone corresponding to small channelised areas within
and between the reefal facies (Salas, 1979). On this west-
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ern margin the description of this unit corresponds to the In the La Pobla de Claramunt-Puig Aguilera section (7
Tossa Formatiosensurerrer (1971, 1973) and Rosell et  in Figs. 8 and 9), theower Collbass thicker than in the

al. (1973). However, on the eastern margin of the basin, other areas and is represented by grainstone and packstone
in the Can Aguilera de la Costa, La Pobla de Claramunt- with abundant echinoid fragments. In the Els Mollons sec-
Puig Aguilera, Torrent de Can Tarda, Castelloli-Can tion (13 in Figs. 8 and 9), the most frequent facies in the
Tarda, Brucs W, Brucs E and Els Mollons sections (6, 7, Lower Collbasis a horizon of grainstone-packstone of
9, 10, 11, 12 and 13 in Figs. 8 and 9), this unit is up to 380 Discocyclina characteristic of outer-shelf facies (Caus
m thick and is formed of marl, sandstone and conglomer- and Serra-Kiel, 1984; Teixell and Serra-Kiel, 1988). Olis-
ate, organised in coarsening-upward sequences interbed-toliths of Triassic limestone (Anadon, 1978b) are interbed-
ded with reefal limestone. Towards the east, correspond- ded in theLower and Middle Collbas.The location of

ing to the areas closest to the basin margin,Upper these two sections (La Pobla de Claramunt-Puig Aguilera
Deltaic-Reefal Complegasses to the red bed deposits of and Els Mollons sections, 7 and 13 in Figs. 8 and 9), close
the Artés Formation (Ferrer, 1971), according to Anadon to the southeastern basin margin (Fig. 8), where a north-

et al. (1985). ward migrating thrust is present, suggests that a higher
level of subsidence took place in this marginal area due to
Characterisation of the sedimentary cycles greater tectonic activity produced by the thrust, allowing

the deposition of thick deep-facies successions and the
The analysis of the lithostratigraphic correlation emplacement of olistoliths within a transgressive context.
between the 13 stratigraphic sections (Fig. 9) reveals two
transgressive-regressive sedimentary cycles in the Barton-  The maximum flood surface of this transgressive sys-
ian marine deposits of the Igualada Basin, according to tem is represented by the boundary between the marl with
Traveé et al. (1999). larger foraminifers and ahermatypical corals and the azoic
marl of the uppermost part of thdiddle Collbas
First Sedimentary Cycle
Regressive System
This cycle extends from the beginning of the marine sedi-

mentation up to the top of the Collbas Formation (Fig. 9). The first regressive system assemblage on the western
margin (Santa Maria de Miralles and Ermita de Collbas
Transgressive System sections, 1 and 3 in Figs. 8 and 9) is formed by the upper

part of theMiddle Collbasmarl and theJpper Collbas
The interval of coarse sandstone and conglomerate in The sequence consists of marl with some coral colonies
the lower part of the Collbas Formation has been inter- with coralline-algae at the base, and followed upwards by
preted as a transgressive barrier-island complex (Anaddn reefal limestone with hermatypical corals and coralline-
and Marzo, 1986; Teixell and Serra-Kiel, 1988). On top of algae interbedded with marl. These reefal limestone layers
this transgressive base, carbonate siltstone, marl, wacke-are interpreted as patch reef facies formed in an inner-shelf

stone-packstone horizons and patch reef facies afave environment, according to Teixell and Serra-Kiel (1988).
er Collbasare thought to have been deposited on the inner
shelf (Teixell and Serra-Kiel, 1988). The most characteris- On the eastern margin of the basin (Riera de Castelloli,

tic deposit of this inner shelf is a monospecific level of Castelloli-Can Tarda, Brucs E and Els Mollons sections, 8,

Nummulites perforatuévlontForT 1808) which is up to 3 10, 12 and 13 in Figs. 8 and 9), the upper part of the

m thick and several km long. This level has been inter- regressive system is represented byGhstelloli Deltaic

preted as am situ Nummulitic-bank parallel to the shore-  Complex,a succession of sandstone and conglomerate

line and located in the transitional facies from the forming thickening- and coarsening-upwards sequences

shoreface to the inner shelf (Serra-Kiel and Reguant, changing basinwards to azoic marl. These deltaic facies

1984). More details on the paleocological features of this prograde to the northwest and are probably the distal

unit can be found in Romero and Caus (2000). equivalent of the Turé d"en Tort Conglomerate (Anadon,

1978b) and the Roca Cagadera Sandstone (Anadén and

Most of the marl of thiMiddle Collbasare characterised Marzo, 1986). They are interpreted as alluvial fan delta

by the presence of abundant ahermatypical corals, i.e deposits (Anadoén, 1978b).

Cyclolitopsis paterdD’A cHIARDI, 1867), in the Santa Maria

de Miralles section (1 in Figs. 8 and 9), and by larger Second Sedimentary Cycle

foraminifers such adummulites striatuBRUGUIERE1792),

Assilina schwage({SiLvesTri 1928) andDiscocyclinain the This cycle includes th€astelloli Marl and Limestone

Ermita de Collbas section (3 in Figs. 8 and 9). This associa- and theUpper Deltaic-Reef Compldfigs. 7 and 8). Dur-

tion of fossils represents the middle-shelf facies. The upper- ing the deposition of this second cycle, sedimentation was

most part of thiddle Collbasis composed of azoic marl. much more homogeneous over the whole area, indicating
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the end of the large differences in subsidence rates and The prograding coral reef and deltaic complexes of
therefore a decrease in the tectonic activity in the basin mar- the 2¢ Bartonian regressive system are overlain by the
gin. Details on the paleocological features of this unit can be fluvial deposits of the Artés Formation (Ferrer, 1971),
found in Romero and Caus (2000) and Romero et al. (2002). located along the margin of the Ebro Foreland Basin. In
between, and bounded at the bottom and at the top by
Transgressive System unconformities, a unit showing a great variability of
facies is found. This unit, referred to as the “Calders
The second transgressive system is represented byComplex” in Vilaplana (1977) and “Post-reefal deposits
the Castelloli Marl and Limestoné_a Pobla de Clara- filling up the Vic Basin” in Taberner (1983-84), was for-
munt-Puig Aguilera, Riera de Castelloli, Castelloli-Can mally defined by Barnolas et al. (1983) and characterised
Tarda, Brucs W, Brucs E and Els Mollons sections, 7, 8, by Travé (1992) as Terminal Complex.
10, 11, 12 and 13 in Figs. 8 and 9). Towards the eastern
margin of the basin, this succession of deposits forms a  The lithological features of this unit show a great vari-
marine wedge onlapping continental deposits. The base ability of facies: siliciclastic continental and marine mate-
of the transgressive system in this sector of the basin rials, carbonate shallow-shelf beds, stromatolitic facies
consists of conglomerate and coralline-algae limestone and gypsum.
layers. These limestone layers change vertically and lat-
erally basinwards to marl witAssiling Operculinaand Despite the interest of these deposits because of their
Discocyclina In the more distal deeper part of the basin relationship with the evaporitic basin (Cardona Formation,
(Ermita de Collbas and La Pobla de Claramunt-Puig Riba, 1967, 1975), and because they are the last marine
Aguilera sections, 3 and 7 in Figs. 8 and 9), the succes- episode in the Ebro Foreland Basin, the foraminifer con-
sion is represented by marl containing abundant branch- tent did not supply any data to the new biozones of larger
ing bryozoa. The absence of organisms requiring light foraminifers (Shallow Benthic Zones). Details on the
for their development, such as larger foraminifers, indi- lithostratigraphic and paleocological features of this unit
cates aphotic conditions during the sedimentation of this can be found in Taberner (1983-84), Travé (1992), and
marl. Travé et al. (1994, 1996).

The maximum flood surface of this transgressive sys-
tem is represented by a marker level that covers the CONCLUDING REMARKS. CHRONOSTRATIGRAPHIC
basin, which is made up of abund&iscocycling Aste- FRAMEWORK
rocycling Assilina andOperculina This horizon, inter-
preted as a condensation level, has been observed in the The chronostratigraphic analysis of the Lutetian and
Santa Maria de Miralles, La Tossa, Ermita de Collbas, Bartonian marine sedimentary cycles of the Ebro Foreland
Can Aguilera de la Costa, La Pobla de Claramunt-Puig Basin was carried out using biostratigraphy based on larg-
Aguilera, Castelloli-Can Tarda, Brucs W and Brucs E er foraminifers, planktic foraminifers and magnetostrati-
sections (1, 2, 3 6, 7, 10, 11 and 12 in Figs. 7 and 8) and graphic data. The biozones of planktic foraminifers, the
has been chosen as the datum for the stratigraphic corre-Shallow Benthic Zones of larger foraminifers (SBZ) and

lation (Fig. 9). the magnetostratigraphic scale are those proposed by
Berggren et al. (1995), Serra-Kiel et al. (1998a, b) and
Regressive System Cande and Kent (1995), respectively.

The second regressive system is represented by the A magnetostratigraphic profile by Burbank et al.
Upper Deltaic-Reefal CompleXhis complex is made up (1992a), from the Coll de Malla Marl Formation (Clavell
of detritic deltaic facies interbedded with reefal lime- et al., 1970) to the continental facies of the Artés Forma-
stone facies (the Ermita de Collbas, Odena, Can Valls, tion (Ferrer, 1971), shows five chrons, with eight magne-
Can Aguilera de la Costa, La Pobla de Claramunt-Puig tozones of normal polarity. This magnetostratigraphic
Aguilera, Torrent de Can Tarda, Castelloli-Can Tarda, section, together with old and new data on larger
Brucs W, Brucs E, and Els Mollons sections, 3, 4, 5, 6, 7, foraminifers and scattered data on planktic foraminifers,
9, 10, 11, 12 and 13 in Figs 7 and 8) and reefal limestone has allowed us to improve the precision of the correlation
beds in the La Tossa section (2 in Figs. 8 and 9). The between the magnetostratigraphic scale and the biozones
Upper Deltaic-Reef Compleis aggradational and pro-  of larger foraminifers and planktic foraminifers for the
grades towards the northwest, filling up the sedimentary interval comprised between the Middle Lutetian and the
trough. Towards the east, tpper Deltaic-Reefal Com- Late Bartonian. Only biostratigraphic data on larger
plexchanges laterally to the non-marine red bed deposits foraminifers, mainly oNummulitesandAlveolina,were
of the Artés Formation, according to Anadon et al. available for the Early Lutetian- Middle Lutetian inter-
(1985). val.
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FIGURE 10 | Chronostratigraphic correlation between the magnetostratigraphic section of Burbank et al. (1992a), marine Lute-
tian and Bartonian sedimentary cycles, lithostratigraphic units, larger foraminifer biozones (SBZ) and larger foraminifer assem-
blages.

Lutetian cycle, according to Hottinger (1960), Serra-Kiel (1984) and
Serra-Kiel et al. (1997), contafiveolina stipe$oTTINGER
First Sedimentary Cycle 1960 andAlveolina frumentiformiScHwaGer 1860, where-

as the monospecific levels contditummulites verneuili

The carbonate levels of the Tavertet/Girona Limestone D’ARcHiac and HaMe 1853. Such an association allows
Formation (Reguant, 1967; Palli, 1972) of tHid_titetian the placing of this cycle in SBZ 13 (Early Lutetian).
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Second Sedimentary Cycle Bartonian cycle, show a normal magnetozone interpreted
as Chron 19. These data allow us to include SBZ 16 with-
In the Tavertet/Girona Limestone Formation (Reguant, in the magnetozone 19.
1967; Palli, 1972) the beds of th& Rutetian cycle,
according to Reguant (1967), Serra-Kiel (1984), and Se- Bartonian
rra-Kiel et al. (1997), contain different monospecific lev-

els of theN. tavertetensiREGUANT and G AvELL 1967 and First Sedimentary Cycle.

N. crusafontiREGUaNT and QaveLL 1967. The siliciclas-

tic and carbonate levels of the middle shelf conkessili- Transgressive system

na spira planospirdBousete 1831. The association allows

us to situate this cycle in SBZ 14 (Middle Lutetian). In the Igualada area (Fig. 9), th& Bartonian trans-
gressive system is represented by the lower and middle

Third Sedimentary Cycle parts of the Collbas Formation (Ferrer, 1971; Traveé et al.,

1999). In this 1 transgressive system, the association of
In the lower part of the transgressive system of the the larger foraminifers, according to Hottinger (1960),
cycle (lower part of the Coll de Malla Marl Formation ~ Ferrer (1971, 1973), Schaub (1981), Serra-Kiel (1984) and
(Clavell et al, 1970), the specidsimmulites tavertetensis ~ Serra-Kiel et al. (1997), contailveolina fragilis Hot-
ReGcuANT and QAvELL 1967,N. crusafontiREGUANT and TINGER 1960, Nummulites perforatugMonTForT 1808),
CLAVELL 1967 andA. spira planospirdBouste 1831 were N. striatus(BRUGUIERE1792),N. hottingeriScHaus 1981,
identified, whereas the middle and upper parts of this N. beaumontiD’ArcHiAC and Hume 1853, N. vicaryi

cycle contain, according to Serra-Kiel et al. (199%)m- ScHaus 1981, N. cyrenaicusScHaus 1981, N. ptukhiani
mulites crassuBouste 1831 and transitional forms from  KACHARAVA 1969,N. praegarnieriScHaus 1981,N. vario-

N. crusafontiRecuanT and QAVELL 1967 toN. puigse- larius (LAmMARCK 1804), Assilina schwageri(SILVESTRI
censisREGUANT and QAvELL 1967 (. aff. crusafont) and 1928) andOperculina roselli (HOTTINGER 1977). This
from N. tavertetensifRecuanT and GAvELL 1967 toN. association indicates SBZ 17, Early Bartonian or Biarritz-
deshayesD’A RcHIAC and Have 1853 (\. aff. taverteten- ian sensuHottinger and Schaub (1960).

sig). From these associations, the lower part of the cycle is

attibuted to SBZ 14 (Middle Lutetian), and the middle and In the magnetostratigraphic section elaborated by
upper parts to SBZ 15 (Middle Lutetian). Burbank et al. (1992a), this* Bartonian transgressive

system is represented by the Folgueroles Sandstone For-
According to Burbank et al. (1992a) the lower and mation (Reguant, 1967) and the lower part of the Man-

middle part of the Coll de Malla Marl Formation (Clavell lleu Marl Member (Reguant, 1967; Barnolas et al.,
et al., 1970) show a normal magnetozone interpreted as 1983), showing that this interval is located within the
Chron 20n. magnetozone 18.
Fourth Sedimentary Cycle Regressive system

The marl withNummulitesat the base of this cycle, The T Bartonian regressive system in the Igualada

the upper part of the Coll de Malla Marl Formation area (Fig. 9) is represented by the upper part of the Coll-
(Clavell et al., 1970) and the Bracons Formation (Gich, bas Formation (Ferrer, 1971), according to Travé et al.
1969, 1972) in the Vic-Amer area cont&npuigsecensis (1999), and the Castelloli Deltaic Complex (Travé et al.,

ReEGuANT and GQAvELL 1967, N. beaumontD’A RCHIAC 1999). According to Ferrer (1971), the upper part of the
and Hume 1853 andAssilina exponengSowersy 1840), Collbas Formation contairé. striatus(BRUGUIERE1792),
whereas the carbonate levels of the middle and upper N. ptukhianiKacHarava 1969, N. praegarnieriSCHAUB
parts of this cycle contairAlveolina aff. fusiformis 1981, Assilina schwager{SiLvesTrI 1928) andOperculi-

SoweRrBy 1850, according to Barnolas et al. (1983) and na roselli (HoTTINGER 1977). This association indicates
Serra-Kiel et al. (1997). In the Emporda area, the carbon- SBZ 17, Early Bartonian.

ate levels of this cycle (Fig. 7a) cont&in herbiScHaus

1981, N. praepuschiScHaus 1981 andN. discorbinus In the magnetostratigraphic section (Burbank et al.,
(ScHLOTHEIM 1820), according to Serra-Kiel et al. (1997).  1992a), this regressive system is represented by the mid-
From this association, this cycle is situated in SBZ 16 dle-upper part of the Manlleu Marl Member (Reguant,
(Late Lutetian). According to Burbank et al. (1992a), the 1967; Barnolas et al., 1983) and the Oris Sandstone (Bur-
upper part of the Coll de Malla Marl Formation (Clavell bank et al., 1992a). Both lithostratigraphic units are equiv-
et al., 1970), which belongs to th& Kutetian cycle, and alent to the Puigsacalm Sandstone Formation (Gich, 1969,
lower part of the Folgueroles Sandstone Formation 1972), and show that this interval is located within mag-
(Reguant, 1967), which belongs to the lower part of the 1 netozone 18.
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Second Sedimentary Cycle Biplanispira absurdaUmscrove 1938, andHalkyardia
minima(Liesus 1919), indicating SBZ 18.

Transgresive system

In the magnetostratigraphic section elaborated by Bur-

The 29 Bartonian trangressive system in the Igualada bank et al. (1992a), this regressive system is represented by
area (Fig. 9) corresponds to the middle-upper part of the the Vespella Marl Member (Reguant, 1967; Barnolas et al.
Igualada Formation (Ferrer, 1971) and the Castelloli Marl 1983) and the Sant Mati Xic Limestone Formation
and Limestone (Travé et al., 1999). The maximum flood- (Reguant, 1967), equivalent to the Tossa Formation (Ferrer,

ing surface of this transgressive system at the base of the1971). According to Reguant (1967), Papazzoni and Sirotti

Tossa Formation (Ferrer, 1971), according to Ferrandez-
Cafiadell (1999), contains the association made psef
cocyclina radians radiangD’A RcHIAC 1850),D. augus-

tae augustaéWVelJDeEN 1940 andAsterocyclina stellaris
(BRUNNER 1848in RuTIMEYER 1850), indicating SBZ 18,
Late Bartonian.

According to Ferrer (1971), the middle and upper parts
of the Igualada Formation contain the planktic
foraminiferal associations that indicate the P 14 and P 15
biozones respectively.

In the magnetostratigraphic section elaborated by Bur-
bank et al. (1992a), thig*Bartonian transgressive system
is represented by the Gurb Marl Member (Reguant, 1967,
Barnolas et al., 1983), showing that this interval is located

(1995) and Serra-Kiel et al. (1997), the Sant Marti Xic
Limestone Formation contains the following species of
larger foraminifersNummulites biedaBcHaus 1962, N.
praegarnieriScHaus 1981,N. ptukhianiKAcHARAVA 1969,

N. cyrenaicuscHAaus 1981, Nummulites chavannelBE LA
HarPE 1878, Assilina schwager{SLvesTrI 1928), Oper-
culina roselli HOTTINGER 1977, Heterostegina reticulata
reticulata RUTIMEYER 1850, Discocyclina augustae augus-
tae WEIDEN 1940,D. radians radiangD’A RcHIAC 1850),
Asterocyclina stellari$BRUNNER 1848in Rutimeyer 1850),
Orbitoclypeus variangKaurmann 1867) andHalkyardia
minima (Liesus 1919), which indicate SBZ 18, Late Bar-
tonian. The magnetostratigraphic data show that this inter-
val is located within magnetozone 17.

The chronostratigraphic correlation between the mag-

between the lower part of the magnetozone 18 and the netostratigraphic section elaborated by Burbank et al.
upper part of magnetozone 17. Moreover, according to (1992a), the marine Lutetian and Bartonian sedimentary
Ferrandez-Cafadell in Serra-Kiel et al. (1997), the pres- cycles and the larger foraminifer biozones (SBZ) is shown

ence ofDiscocyclina radians radianfD’A RcHIAC 1850),
D. augustae augusta@/eElapen 1940, Asterocyclina stel-
laris (BRUNNER 1848in RUTIMEYER 1850),Orbitoclypeus
daguini (NEUMANN 1958) andAssilina schwager{SiL-
VESTRI 1928), indicates SBZ 18, Late Bartonian.

Regressive system

The 29 Bartonian regressive system in the Igualada
area (Fig. 9) comprises the middle part of the Igualada
Formation (Ferrer, 1971), the Tossa Formation (Ferrer,
1971) and the Upper Deltaic Reefal Complex (Travé et al.,
1999), according to Travé et al. (1999). These units,
according to Papazzoni and Sirotti (1995), Serra-Kiel et al.
(1997), Ferrandez-Cafiadell (1999), Romero (1996, 2001),
Romero et al. (1999) and Hottinger et al. (2001), contain
Nummulites chavanneBE LA HArRPE 1878,N. praegar-
nieri KACHARAVA 1969,N. ptukhianiKAcHARAVA 1969,N.
incrassatus incrassatu®e LA Harpe 1883 Assilina
schwageri (SILvesTrl 1928), Operculina roselli HoT-
TINGER 1977, Asterocyclina stellarigBRUNNER 1848 in
RuTiIMEYER 1850), Discocyclina pratti(MICHELIN 1846),

D. radians radians(D’ARcHIAC 1850), D. augustae
augusta@NVEellpbeN 1940,D. augustae oliana@LMELA and
Rios 1942 ,Heterostegina reticulata reticulatRUTIMEYER
1850,H. aff. reticulata italicaHerB 1978,Assilina schwa-
geri (SILvesTrl 1928), Operculina roselli HOTTINGER
1977, Pellatispira madaraszi (HANTKEN 1875),

Geologica Acta, Vol.1, N°2, 2003, 177-200

in Figure 10.

Finally, the presence in the carbonate beds of the Termi-
nal Complex ofMalatyna vicensisSReL and Acar 1998,
Rhabdorites malatyaensiéSReL 1976) and Orbitolites,
according to Sirel and Acar (1998), does not permit a bios-
tratigraphic attribution. This unit is located above the well-
dated Bartonian marine units and below the Priabonian con-
tinental deposits of the Artés Formation (Ferrer, 1971),
which were well-dated using charophytes (Anadon et al.,
1992). The unit is placed in an uncertain chronostratigraph-
ic position, Late Bartonian-Early Priabonian.
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