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| ABSTRACT |

In the southeastern Ebro Foreland Basin, the marine deposits of Lutetian and Bartonian age show excellent o
crop conditions, with a great lateral and horizontal continuity of lithostratigraphic units. In addition, the rich fos-
sil record -mainly larger foraminifers-, provides biostratigraphic data of regional relevance for the whole Paleo-
gene Pyrenean Basin, that can be used for the Middle Eocene biocorrelation of the western Tethys. Th
contribution is a sedimentary and biostratigraphic synthesis of the basic outcrops and sections of the Lutetian a
Bartonian marine and transitional deposits in the southeastern sector of the Ebro Foreland Basin.

KEYWORDS | Middle/Upper Eocene. Lithostratigraphy. Biostratigraphy. Chronostratigraphy. Southern Pyrenean basin.

INTRODUCTION that yielded the paleontological samples used to the establish
the so called Shallow Benthic Zones (SBZ) defined by Se-
This paper introduces the Middle Eocene (Lutetian and rra-Kiel et al. (1998a, b). This new larger foraminifers new
Bartonian) marine and transitional outcrops and sections in biozoning of the Paleocene-Eocene of the Tethys is in part
the southeastern sector of the Ebro Foreland Basin that werebased on the data resulting from the study of this material.
visited during the Second Meeting of IGCP 393, held in Vic
in September 1997. The aim of this field trip was to provide The outcrops and sections presented here are grouped
the members of IGCP 393 with larger foraminifer material in three distinct areas: Emporda, Vic and Igualada (Fig. 1),
from the various Lutetian and Bartonian stratigraphic units and they were selected according to the following criteria:
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FIGURE 1| Geological sketch showing the situation of the described areas.

1) They should be ideally situated with regard to both (Discocyclina, Orbitoclypeusand Asterocyclind. A fur-
the lithostratigraphic units and the transgressive-regres- ther consideration was the existence of samples containing
sive cycles that constitute the Middle Eocene marine and genera of larger foraminifers such as the Bartonian genera
transitional units of this sector of the Ebro Foreland Pellatispira and Biplanispira, whose biostratigraphic
Basin. location had not, at that time, been clearly determined.

2) The samples of larger foraminifers contained in the 3) Further, the samples should be, as far as possible,
outcrops and sections should be representative of different correlatable in the field with magnetostratigraphic data
sedimentary environments. Transitional and shallow and with previously published information on planktic
marine environment outcrops contain porcellaneous larger foraminifers.
foraminifers, such ad\lveolina, Orbitolites, Fabularia,

Malatyna,andRhabdoritesinner and middle shelf marine 4) Outcrops corresponding to the type-localities of
environments contain nummulitidsimmulites, Assilina, species of larger foraminifers of the Middle Eocene defined
Operculina, and Heterosteging and orthophragminids in this sector of the Ebro Foreland Basin were also selected.
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FIGURE 2| Stratigraphic panel across the Ebro Foreland Basin between the Cadi Thrust Sheet and the Catalan Coastal Ranges,
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
polarity time scale from Cande and Kent (1995). Larger foraminifers Shallow Benthic Zones (SBZ) from Serra-Kiel et al.
(1998a, b).

5) Finally, the outcrops and sections selected and sam- THE LUTETIAN MARINE RECORD IN THE
pled should be representative of the whole range of Mid- EMPORDA AREA
dle Eocene marine and transitional biofacies in the Pyre-
nean basin. Thus, there are outcrops and sections thatPals Beach and Rac6 Beach sections
correspond to the outer aphotic shelf, the outer euphotic
shelf, the middle and inner shelves, reefal bioconstruc- Location: The outcrops are located on the cliff-face
tions, and the inner carbonate shelf. These material also between the southern end of Pals Beach and Racé Beach
allowed the members of IGCP 393 to study other taxons, (1 in Fig. 4 and Fig. 5A).
such as hermatypic and ahermatypic corals, bryozoa and  Lithostratigraphic Unit: Tavertet/Girona Limestone
siliceous sponges. Formation (Reguant, 1967; Palli, 1972).
Chronostratigraphic Unit: Early, Middle and Late
Serra-Kiel et al. (in this volume) give a detailed Lutetian.
description of the stratigraphic framework of the Lutet- Biostratigraphic Unit: SBZ 13, SBZ 14 and SBZ 16.
ian and Bartonian transitional and marine units of this Unconformity-Bounded Units:*1 2 and 4' Lutetian
sector of the Ebro Foreland Basin. Figure 2, modified Cycles.
from Vergés et al. (1998), shows the correlation
between (a) the magnetostratigraphic scale from Cande  Two stratigraphic sections can be visited. The first sec-
and Kent (1995) and the Shallow Benthic Zones of Se- tion is located on Rac6 Beach, and the second one is loca-
rra-Kiel et al. (1998a, b), and (b) the Paleogene lithos- ted close to the car park at the southern end of Pals Beach
tratigraphic units of the Ebro Foreland Basin situated (Fig. 5A).
between the Cadi Thrust Sheet and the Catalan Coastal
Ranges. The Raco Beach Section

The legend to the symbols used in the figures is in In this section (Fig. 5B) it is possible to observe the

Figure 3, and the list of species cited in this issue is contact between the continental units and the marine units
included as Appendix Il at the end of the volume. of the F' Lutetian cycle in the southeasternmost part of the
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FIGURE 4] Location of the Lutetian sections in the Emporda area.
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basin, and to collect Early Lutetian (SBZ 13) porcella-
neous larger foraminifers such Alveolina

The lower part of this section consists of sandstone
and conglomerate of braided alluvial origin, lying uncon-
formaly on top of the Paleozoic. The imbricated disposi-
tion of the clasts within the conglomerate indicates tha
the supply was from the SSW.

Higher up in the sequence, with a sharp contact, ther
is a bed of coarse conglomerate with sandstone, fine col
glomerate and bioclast matrix. This conglomerate show:
an imbricated disposition in an opposed direction to tha
of the lower part of the section, resulting from reworking
by waves of the lower alluvial facies at the beginning of
the marine transgression of th&lLltetian cycle.

Further up, toward the top of this section, there is ¢
carbonate sequence of packstone and grainstone wi
abundant bioclasts and porcellaneous larger foraminifer
(point 1 in Fig. 5B), particularly abundant at the top of
the section. This carbonate sequence, of regressive che
acter, is interpreted as a protected shelf facies with cont
nental siliciclastic supply indicated by the presence of
angular extraclasts, especially in the upper part of th
succession.

The Pals Beach Section

This second section (Fig. 5C) provides good exposure
of the marine Lutetian units in the southeasternmost pal
of the basin, which enable one to collect hummulitids
from the Late Lutetian (SBZ 16).

The lower part of this section (Fig. 5C), lateral equiv-
alent to the braided alluvial facies, consists of boulders
(up to 2 m in diameter) interpreted as a scree slope facie
This facies, and its correlation with the first section, indi-
cate the highly irregular paleorelief that existed prior to
the Eocene sedimentation. Further up in the section,
basal conglomerate sequence and a carbonate sequel
similar to those of the Racé Beach can be seen. The:
facies are overlain by a second carbonate interval made
of packstone and grainstone with intervals of more
marked stratification, which probably correspond to the
2 Lutetian cycle.

The uppermost part of the section is composed o
laminated bioclastic sandstone and grainstone witt
Nummulites herbScHaus 1981,N. praepuschBcHAaus
1981, andN. discorbinus(ScHLoTHEIM, 1820) (point 1
in Fig. 5C) from the % Lutetian cycle. The '8cycle is
missing.

At Pals Beach, a paleokarst system is filled up with
laminated bioclastic sandstone similar to that of the 4
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cycle in this section, suggesting that the paleokarst was
formed prior to the deposition of th& Uutetian cycle.

Further up in the sequence there is an interval of bio-
clastic limestone (point 2 in Fig. 6B) containing porcella-
neous foraminifersXlveoling and glauconite in the upper

Arkosic sandstone attributed to thiéBartonian cycle part. This interval has been interpreted as the base of the
are found on top of the laminated bioclastic sandstone and transgressive system of th& Bartonian cycle. The sec-
grainstone. tion finishes with arkosic sandstone with glauconite, pre-
sent along the whole of the southern margin of the basin,

Masos de Pals section (Mas Sardd - Water Treat-
ment Plant)

Location: The outcrop is located to the left of the road
from Masos de Pals to the Water Treatment Plant, close t
Mas Sardo, 900 m north of the road from Pals to Pals
Beach (2 in Fig. 4 and Fig. 6A).

Lithostratigraphic Units: Banyoles Marl Formation
(Almela and Rios, 1943) and Folgueroles Sandstone For
mation (Reguant, 1967).

Chronostratigraphic Unit: Middle Lutetian, Late
Lutetian and Early Bartonian.

Biostratigraphic Unit: SBZ 15, SBZ 16 and SBZ 17.

Unconformity-Bounded Units:3and 4' Cycles of the
Lutetian, and 1 Bartonian Cycle.

In this locality it is possible to observe the upper part
of the Lutetian marine successiorf ghd 4' cycles) and
the contact with the®1Bartonian units in the southeastern

and attributed to the®Bartonian cycle.

area of the basin. B
o 1s1 Bartonian Cycle
The stratigraphic section extends from the top of the J:.l s 2 "";D"EHE"ES BRnd TN Fh,
2" Lutetian cycle to the base of th&Bartonian cycle. [ :
2 : W Reresaive
The section (Fig. 6B) begins with a millimetrically 1= ! 20w o S
stratified silty sequence with intercalated centimetric — Lutthar,
bioclastic marly limestone and fine grained sandstone Ty Cycle
layers. The main bioclastic components are thin-wall 30 b ko Transgressie
miliolids. A System | 3
. . . ag1 ] L% i ¥ “!_t
Moving up, grey-ochre marl without fossils are found. o - i |
All these deposits are interpreted as lagoon-type facie: Regresaive 1;
corresponding to the regressive system of theuetian o Syslem 18
CyC|e == e E-I 1] E
. ot y 3n
Further up, separated by a sharp contact, there is e = /1 L t: .
grainstone layer consisting of porcellaneous larger ‘:x , L‘B _E'
foraminifers, particularlyAlveoling Idalina, Fabularia r ki Tranagreashns
and Orbitolites (point 1 in Fig. 6B). This layer has been "™t ¢ _ Systarm
interpreted as a protected shelf facies, corresponding t
the transgressive system of tHelditetian cycle. N
The section continues with a marly interval with cen- A ' ! !
timetric bioclastic siltstones, marly limestone and spo- [t Zr Lutetian Cycle

radic intercalations of calcareous packstone layers
These beds contain abundant miliolids, and occasionally
AlveolinaandVelates This part of the section has been
attributed to the regressive system of tHelLditetian
cycle.

Geologica Acta, Vol.1, N°2, 2003, 201-229
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Fonteta section (Can Barrabas) A% 7 s e U I
Location: The outcrop is located at the beginning of ﬁ"}ﬁ

the track south of Can Barrabas farm. To reach the farn f-;? I

from the village of Fonteta, take the first path on the right o o

after passing through Cases Noves (3 in Fig. 4 and Fig #

7A). : AP
Lithostratigraphic Unit: Tavertet/Girona Limestone : e e

Formation (Reguant, 1967; Palli, 1972). " o
Chronostratigraphic Unit: Early Lutetian. : % Foninta
Biostratigraphic Unit: SBZ 13. . :

-
i Palalruged =1

Unconformity-Bounded Unit: *1Lutetian Cycle. }Rx;'
e
In this locality it is possible to observe the transitional 17N
facies at the base of thé lutetian cycle and to collect Com b
porcellaneous larger foraminiferdlyeolina stipedHoT- ' : e N
TINGER 1960, Idalina, Fabularia andOrbitolites). |
This section (Fig. 7B) shows the transitional facies
characteristic of the base of th@Lutetian cycle. It cor- B i :
responds to a more distal depositional area than in the Pa e = — | 2 =g f 1%
Beach and Racé Beach sections. b — b
. e | Regrassive o
Above the continental sandstone and conglomerate = 1a i i "5-
beds, there is a siliciclastic sequence characterised b ¥/ L] - i 3
alternating millimetric-centimetric layers of marl, silt- e A Lutetan %
stone, sandstone and microconglomerate. The sectio & !_—'t"" Cycle T
begins with grey-white azoic marl, followed by a fining [__."' Trarsgressie E
upward sequence with an erosive base, a coarsenin¢ s '% System =
upwards sequence also with erosive base, and finishe = u
with a new fining upward sequence. The interval, charac- N _5___5____3 ¥ B
terised by an important siliciclastic supply from the conti- F-:FE Continental Deposits
nent, is interpreted as lagoon and barrier island facies —I POMTILE F

where the lower fining upward sequence would corre- @m
spond to channel filling, the coarsening-upward sequence
would correspond to the progradation of a stream mouth
bar responsible for the barrier island development, and the ricure 71 Location (A) and stratigraphic section (B) at Fon-
upper fining upper upwards sequence would correspond teta (Can Barrabas).

to the retrogradation, in a transgressive context, of the bar-
rier island. 7B) is interpreted as a protected shelf facies.

Further up the section, a limestone interval with an ero- Fonteta section (Can Ametller)
sive base, containing siliciclastic and bioclastic compo-
nents, has been interpreted as a channel cutting through the  Location: The section extends from the track located
barrier island. Immediately on top, a carbonate interval south of Can Ametller to the farmhouse. To reach Can
formed of grainstone containing abundant porcellaneous Ametller from Fonteta village follow the track towards the
larger foraminifers, such aslveolina stipesHOTTINGER cementery, after 500 m turn south at the junction, and con-
1960, Idalina, Fabularia and Orbitolites (point 1 in Fig. tinue 250 m further (4 in Fig. 4 and Fig. 8A).
7B), is interpreted as a protected shelf facies. These facies  Lithostratigraphic Units: Tavertet/Girona Limestone
are truncated by a predominantly siliciclastic interval, Formation (Reguant, 1967; Palli, 1972), Banyoles Marl
made up of ochre sandstone and marl layers, interpreted asFormation (Almela and Rios, 1943) and Bracons Forma-
the result of a new siliciclastic supply from the continent.  tion (Gich 1969, 1972).

Chronostratigraphic Unit: Early and Middle Lutetian.

At the top of the section, a carbonate interval formed Biostratigraphic Unit: SBZ 13, SBZ 14 and SBZ 15.
of packstone and grainstone consisting\lwkolina stipes Unconformity-Bounded Units®] 2™ and 3 Lutetian
HoTTINGER 1960, Idalina and Orbitolites (point 2 in Fig. Cycles.
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In this outcrop it is possible to identify th& 2 and
3 Lutetian cycles and the boundary between tHard
the 3 cycles, as well as to collect larger foraminifers such
asAlveolina stipedHoTTINGER 1960, Idalina and Orbito-
lites from the ¥ cycle (points 1 and 2 in Fig. 8Bum-
mulites crusafontiREcuanT and QaverL 1967 andN.
tavertetensifReGUANT and QAveLL 1967, from the base
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FIGURE 8| Location (A) and stratigraphic section (B) at Fon-
teta (Can Ametller).
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FIGURE 9| Location of the Lutetian outcrops and sections in
the Vic area.

and lower part of thecycle (points 3 and 4 in Fig. 8B),
and Nummulitesaff. tavertetensifRecuant and G AVELL
1967, N. migiurtinus AzzaroLl 1950, N. discorbinus
(ScHLoTHEIM 1820) (point 5 in Fig. 8B) and alveolinids
and miliolids from the middle and upper part of the 3
cycle (point 6 in Fig. 8B).

The stratigraphic section extends from the base of the
1t cycle to the regressive system of tHé &cle. The
thickness of the*land 2 cycles in this section (45 m) is
greater than at outcrop 1 (20 m) located further east.

The section (Fig. 8B) starts with decimetric beds of
ochre sandstone, interpreted as a transitional facies from
the base of the®lcycle. Above, bioclastic packstone and
grainstone, with siliciclastic extraclasts in the initial
metres, and a biocalcarenitic layer, intensively burrowed
and with ferruginous concretions on top, are interpreted as
a protected shelf facies from th&dnd 2¢ cycles bound-
ed in its upper part by a condensation levdlieolina
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stipesHOTTINGER 1960, Orbitolites, miliolids, echinoids,
oysters and other bivalves are present.

Further up, there is a succession of marl with intercala:
tions of marly limestone containing abundaiimmulites
where sirenid ribs have been found. They have been intel
preted as an inner shelf facies with bankdNommulites
from the transgressive system of tffeL Btetian cycle.

Inventory of the Middle/Upper Eocene marine record in NE Spain

A Ilr-\.l.'l'l?l Marin

j o Co .'I H
i 3 @
+
.".II

I"wf"-'ll f/{'

x
]

r:J |
! BW-B207 ) I
Pl

Continuing upwards, after a section which is covered, Tavetal

there is a carbonate interval formed of grainstone-pack 2

stone rich in miliolids and alveolinids, followed by deci- T f

metric layers of packstone and grainstone, and sand Eastail -

limestone containing miliolids and oysters. This interval is e f

interpreted as a protected shelf facies with siliciclastic if'm

input from the regressive system of tffeL8itetian cycle. 3 W SECTIONS

. o Tkm
II‘_ :
THE LUTETIAN MARINE RECORD IN THE VIC AREA -""_ﬁ'v’“g _
Sau raseryor _':f _.j'l'_-_l
Sant Joan de Fabregues section =
. . ¥ v e |
Location: The outcrop is located near Sant Joan de¢ fee N T

Fabregues Hermitage, south of the village of Rupit (1 in v il |

Flg 9 and Flg 10) B [T N " b
Lithostratigraphic Unit: Tavertet/Girona Limestone b = ‘;‘

Formation (Reguant, 1967; Palli, 1972). [ &5 0 Rigresshe
Chronostratigraphic Unit: Early Lutetian. : i . om
Biostratigraphic Unit: SBZ 13. T :

Unconformity-Bounded Unit: $1Lutetian Cycle. f [t & gty T
= et Fa 3
oI | ! ._:l.-_- = 14
e 4
d 1 b : H ) Pl
e TR B
e = = . T &
= ] =& RFLh &
o ey LUTETIAM 3
- o CYCLE [
= B 1| Sl ¢ g
iy, 4 e =
l_'_- _I'_ _-
e | |
e — -
5 been—
I
[ ::l:l|=l_
E__ i
Sant Joan % _____;. Contirenmal Deposis
* OUTCROP de Fabregues o il ACKAGATS Fil
0 Tkm 1
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FIGURE 10| Location of the Sant Joan de Fabregues outcrop.
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dih LUTETIAN CYCLE
] [

This outcrop corresponds to the lower part of the
Tavertet/Girona Limestone Formation (Reguant, 1967;
Palli, 1972), and it is possible to collect sampleblain-
mulites verneuilD’ArcHiac and Hume 1853, character-
istic of the Early Lutetian (SBZ 13) from thé Hutetian
cycle on the southeastern border of the basin.

Regressie

Sysham

Tavertet section

Location: The outcrop is located on the cliff south-east
of the village of Tavertet, following the old path from Sau
to Tavertet (2 in Fig. 9 and Fig. 11A).

Lithostratigraphic Unit: Tavertet/Girona Limestone
Formation (Reguant, 1967; Palli, 1972).

Chronostratigraphic Unit: Middle Lutetian.

Biostratigraphic Unit: SBZ 14.

Unconformity-Bounded Unit: "2 Lutetian Cycle.

Jed
LLITET &M
CYCLE

COLL DE MALLA MARL FM

Trarsgrasse
SyslEm

Near Tavertet village it is possible to observe the tran-
sition between near-shore facies and inner shelf facies o
the 29 Lutetian cycle, and to collect samples fim-
mulites tavertetensReGuANT and QGAvELL 1967 (point 1
in Fig. 11B) andN. crusafontiRecuanT and QAVELL
1967 (point 2 in Fig. 11B) from their type-localities.

The stratigraphic section extends from the red conti-
nental alluvial fan of the Romagats Formation (Colombo,
1980) to the top of the carbonate shelf of the
Tavertet/Girona Limestone Formation (Fig. 11B).

y 3

Lk B = e
prrr e 5 £ BV O 1 gnd LUTENIAN CYCLE
TAVERTET/GIRONA LIMEETONE Fi

The bottom of the transgressive system are the transi
tional facies from continental to marine environments are .
represented by conglomerate and high-angle cross-beddedriure 12" Stratigraphic section at Castell de Tavertet.
coarse sandstone, interpreted as alluvial fan deposits and
sand bars reworked by waves. fonti REcuanT and QaveLL 1967 (points 1 and 2 in Fig.
11B).

Further up in the sequence, a carbonate interval
formed of grainstone made up of imbricatédmmulites Castell de Tavertet section
with pressure-solution processes is interpreted as a long-
shore bar. Location: The stratigraphic section is located on the
hill called Castell de Tavertet, southwest of the village of
The section continues with low-angle cross-bedded Tavertet (3 in Fig. 9 and Fig. 11A).
siltstone and sandstone intercalated with marl intervals Lithostratigraphic Unit: Coll de Malla Marl Formation
rich in Nummulites interpreted as sand bars and inner (Clavell et al., 1970).

shelf facies, respectively. Chronostratigraphic Unit: Middle and Late Lutetian.
Biostratigraphic Unit: SBZ 15 and SBZ 16.
The upper part of the section is made up of bioclastic Unconformity-Bounded Units: "3 and 4' Lutetian

sandstone, intensively burrowed and with ferruginous Cycles.
concretions on top, locally with cross-bedding structures,

interpreted as prograding shelf facies of the regressive In this outcrop it is possible to observe the siliciclastic

system. The upper limit is a condensation level that corre- units of the 3 Lutetian cycle (Fig. 12), and to collect por-

sponds to the boundary between tffead the 3 Lutet- cellaneous larger foraminifers samples from théutet-

ian cycle. ian cycle corresponding to the Late Lutetian (SBZ 16).
This section contains the type-localitie\afmmulites As in the previous outcrop (Tavertet section), the bound-

tavertetensifREGUANT and GaveLL 1967 andN. crusa- ary between the"2and the 3 Lutetian cycle is represented
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by an intensively burrowed and ferruginous concretion-rich
horizon on top of a bioclastic sandstone interval, interpretec
as a condensation level. This bioclastic interval contains

Nummulites variolariugL amarck 1804); the mollusc$ur-

ritella, Volutilithes Natica, Sigmesalia Architectonica
(Solarium), Scalarig Ancilla, Vulsella and Cypraeaovula
the decapod8allianassa fraasNoeTLING 1885,Eocalcinus
eocenicus/ia 1959 andVontezumella ameno¥iia 1959;

the echinoidsPrionicidaris bofilli (LAMBERT in ALMERA

1898),Ditremaster covazi{{TARAMELLI 1874),Coelopleurus
andEupatagusand bryozoa.

Higher up, the transgressive system of th&®etian

cycle is represented by marl with horizons that contain:

molluscs, such aPholadomya Meretrix gr. incrassata
Cardita, Venus Natica, Chlamys SigmesaliaVolutilithes
Carditagr. suborbicularis Modiola, CypraeaovulaClan-

culus and oysters bored by sponges; echinoids such a

Coelopleurusand Eupatagus decapods such a€a-
llianassa pseudoniloticd orRENTHEY 1929, Colneptunus
hungaricus (LorenTHEY 1898), Callianassa fraasi
NOETLING 1885, Ctenochele<f. burlesonensigSTENZEL

1935) andC. cultellus(RatHBUN 1935); and the larger

foraminiferNummulites crusafonREcuaNnT and QG AVELL

1967. These horizons of fossils are intensively affected by

Thalassinoidegype and Ophiomorphatype burrowing,
and are interpreted as condensation horizons.

The 3" Lutetian regressive system is represented by
marl and sandstone in coarsening-upward sequence
interpreted as deltaic facies. Further up, a carbonate inte

val rich in larger porcellaneous foraminifers, sucAleeo-
lina aff. fusiformisSowersy 1850,0rbitolites Fabularia,

andldalina, (point 1 of Castell de Tavertet section, Fig.
12) is interpreted as the transgressive deposits of'the 4

Lutetian cycle (SBZ 16).

Puigsec section

Location: The outcrop is located in the forest, to the
left of the path that leads to the Puigsec farm-house, abot

300 m behind the house (4 in Fig. 9 and Fig. 13A).

Lithostratigraphic Unit: Upper part of the Coll de Ma-

lla Marl Formation (Clavell et al., 1970).
Chronostratigraphic Unit: Late Lutetian.
Biostratigraphic Unit: SBZ 16.
Unconformity-Bounded Unit: 2Lutetian Cycle.

In this outcrop it is possible to collect sampledlafm-
mulites puigsecensiRecuant and GAveELL 1967 from its

type-locality. This species is characteristic of the Late

Lutetian (SBZ 16).

The stratigraphic section (Fig. 13B) starts with the red
beds corresponding to continental deposits from the
regressive system of thig’ utetian cycle. Southwards,

Geologica Acta, Vol.1, N°2, 2003, 201-229

Inventory of the Middle/Upper Eocene marine record in NE Spain

A |
| 25 e /\\—é |
. ) -_'_'-::ﬁ: io Wilanova
I do Sau
iy i
ae_:j"\ &
el Sant Julid
i ".". B'u'{.gn?%. de Vilatoria

"::'.I Puigsec
W
C-25 ™
ﬂr_lh %=a >
S Codl de

“ErT ==
w SECTION =, Romagats
] 1k R
m R%%

Eo) |-
| | ‘ e - El W F:-_]' E E
==1— _ g |&
= 1 |1Ri L 4t i %
2 I e ————— B 3- -
IE=1 ' ] LUTETIAN & 2
= T CYCLE E -
] - ] =]
' B |
mp - — = )
| i
: | '
12 _T'_':l.__l
= |
7 & ard B |=
i & 2 |
: g LUTETIAM & =
| S | - [+ ]
I : 3 CYGCLE £ | %
1= - — g i &
| . E
| 2 7 o
{0 |1 '5 T
CI=N: ) —
| 1]
n .i:-

FIGURE 13 [Location (A) and stratigraphic section (B) at Puig-
sec.

|211]



J. SERRA-KIEL et al.

this interval is indented into the continental layers of the
Romagats Formation (Colombo, 1980).

Further up, there is a marine interval withmmulites
puigsecensiReGUANT and GAveELL 1967, corresponding
to the transgressive system of thelL4tetian cycle (Late
Lutetian, SBZ 16).

The top of the section is represented by a carbonate
interval with Alveolina fusiformisSowersy 1850 and
Idalina (point 1 in Fig. 13B) which is equivalent to the
upper part of the Castell de Tavertet section.

THE BARTONIAN AND TERMINAL COMPLEX MARINE
RECORD IN THE VIC AREA
Santa Cecilia de Voltrega outcrop

Location: The outcrop is located on the small hill to the
north of the village of Santa Cecilia de Voltrega (1 in Fig. 14).
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FIGURE 14| Location of the Bartonian and Terminal Complex
outcrops and sections in the Vic area.1l: Santa Cecilia de
Voltrega; 2: Sant Marti Xic; 3: Serratosa; 4: La Trona reef;
5: Patch reef facies overlying the La Trona reef; 6: Gurb; 7:
Sant Bartomeu del Grau.
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Lithostratigraphic Unit: La Guixa Marl Member
(Reguant, 1967; Barnolas et al., 1983).

Chronostratigraphic Unit: Late Bartonian.

Biostratigraphic Unit: SBZ 18.

Unconformity-Bounded Unit: "2 Bartonian Cycle.
Transgressive System.

This outcrop shows surfaces colonized by siliceous
sponges, sponge nodules and event beds in an aphotic
shelf context.

In this area, the marl contains centimetric-thick, high-
ly cemented beds with positive reliefs characterised by the
predominance of siliceous sponges. The positive relief of
the colonized beds increases towards the top of the strati-
graphic section (Figs. 15A and 15B).

Conical forms laocaeti3 and conical star-shaped
forms Guettardiscyphigbelonging to the Dyctida order,
range in size from 10 to 20 cm and grow vertically. Mean-
drosponges of labyrinthine lamellar morphology &hat
coscyphiabelonging to the Lychniskida order, also of cen-
timetric size, grow on the surface (Fig. 15D).

In the marl, scattered specimensQiettardiscyphia
and Laocaetis in life position, form nodules. They indi-
cate that the sedimentation rate was low.

The bottom was colonized by both types of sponges
during periods of non-sedimentation. In some areas, the
positive reliefs are truncated by centimetric-thick beds
which extend laterally over kilometric distances. They are
made up largely of fragments of bryozoa and of reworked
sponges in the lower part (Fig. 15C). These beds are inter-
preted as being composed of reworked material (event
beds) coming from areas further onshore of the aphotic
shelf (Serra-Kiel and Reguant, 1991).

Thus, periods of non sedimentation alternated with
periods of low sedimentation and, eventually, event beds
carrying material from further up in the shelf homoge-
nized the reliefs.

Sant Marti Xic outcrop

Location: The outcrop is located on the path to Sant
Marti Xic Hermitage (2 in Fig. 14).

Lithostratigraphic Unit: Sant Marti Xic Limestone
Formation (Reguant, 1967).

Chronostratigraphic Unit: Late Bartonian.

Biostratigraphic Unit: SBZ 18.

Unconformity-Bounded Unit: "2 Bartonian Cycle.
Regressive System.

This outcrop provides a general view of the deltaic
progradation (Fig. 16) and it is possible to collect samples
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FIGURE 15| Santa Cecilia de Voltrega outcrop. A) Geometric relationships between the event beds and the surfaces colonized by
siliceous sponges, a: sponge mounds; b: event beds; c: isolated nodules. B) Detail of 1 in A showing a sponge colonized sur-
face, a and d: marl; b: meandrosponges; c: Guettardiscyphia and Laocoetis. C) Detail of 2 in A showing an event bed, a: marl;
b: lag deposits with reworked sponges, c: event bed including bryozoa debris. D) Different kinds of siliceous sponges found in

the Santa Cecilia de Voltrega outcrop (drawn from photographs).
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FIGURE 16| Panoramic view of the deltaic and marine sequences of the Sant Marti Xic Limestone Formation (Reguant, 1967).

containingNummulites biedascHaus 1962,N. praegar- Serratosa outcrop
nieri ScHaue 1981, N. ptukhiani KAcHARAVA 1969, N.
cyrenaicusScHAuB 1981 andAssilina schwageri(SiL- Location: This outcrop is located on the hill 200 m
VESTRI 1928). east of Serratosa farm, on the road (BV-4608) from Sant
Hipolit de Voltrega to Sant Boi de Llucanes (3 in Fig.
This outcrop corresponds to th& Bartonian regres- 14).
sive cycle. This cycle consists of the alternation of offlap Lithostratigraphic Unit: La Guixa Marl Member

episodes, represented by deltaic deposits, and onlap (Reguant, 1967; Barnolas et al., 1983).
episodes, represented by marine deposits with larger  Chronostratigraphic Unit: Late Bartonian.
foraminifer layers and reef facies. Biostratigraphic Unit: SBZ 18.
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FIGURE 17| Bryozoa-colonized surfaces in Serratosa outcrop,
a: mud-mounds with bryozoa on one of the surfaces; b: spo-
on-shaped scar slump marked by the presence of bryozoa
colonizing the surface; c: bryozoa-colonized beds infilling
the scar (drawn from photographs).

Unconformity-Bounded Unit: 2 Bartonian Cycle.
Transgressive System.

This outcrop shows biofacies of mud mounds with
bryozoa in an aphotic shelf context. Hardened beds witl
positive reliefs, scar slumps and bryozoa colonized bed:
infilling the scar can be observed.

The litho-biofacies of this outcrop consists of marl
with hardened beds of lumachellic character, made up o
in situ colonies of small, fallen bryozoa, of vinculariform
or hollow cylindrical type, and some giant plurilamellar
colonies in life position. These beds form positive reliefs
with gentle slopes. Scattered colonies are also found with
in the marly intervals. Spoon-shaped scars are marked b
the presence of bryozoa colonizing the surface (Fig. 17).

The positive reliefs have been interpreted as mud

mounds formed by the baffle effect of the erect bryozoa
during periods of very low sedimentation (Serra-Kiel and
Reguant, 1991). During the episodes of non-sedimenta
tion, the bottom surface was intensively colonized by bry-
0z0a, producing the lumachellic beds.

La Trona reef sections

Location: This outcrop is located on the road (BV-
4608) from Sant Hipolit de Voltrega to Sant Boi de
Lluganés between km 9 and km 10 (4 in Fig. 14).

Lithostratigraphic Unit: Sant Marti Xic Limestone
Formation (Reguant, 1967).

Chronostratigraphic Unit: Late Bartonian.

Biostratigraphic Unit: SBZ 18.

Unconformity-Bounded Unit: 2 Bartonian Cycle.
Regressive System.
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In this locality it is possible to observe the slope facies
of a fringing reef complex and the reef framework, and to
collect larger foraminifer samples from the bottom of the
onlap sequence (Figs. 18 and 19).

Two different outcrops can be visited. The first out-
crop, on the road at km 9, shows two carbonate beds
formed of wackestone-packstone mainly made up of coral
fragments, brachiopods and larger foraminifers. The angu-
lar geometry between these two beds, the mixture of fos-
sils, the dominance of fragments, their location in front of
the reef buildup and the geographical proximity to it (200
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FIGURE 18 |Geometric relationships between the different litho-
biofacies in the La Trona reef outcrop. A: Sandstone with
coral fragments and larger foraminifers. B: Massive packs-
tone of coral fragments encrusted by coralline-algae. C1:
Planar coral framework. C2: Branching and massive coral
framework. D: Encrusting coralline-algae bindstone. E1:
Coral fragments encrusted by coralline-algae, undulating
stratified packstone. E2: Coral fragments encrusted by
coralline-algae, planar stratified packstone.
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m) allows us to interpret these two beds as reef-slope  A: Sandstone with coral fragments and larger
facies (Fig. 19). foraminifers

Below the reef-slope facies, there is a carbonate silt- This facies is found below and above the reef facies. It
stone interval containing abundant larger foraminifers. is formed of siliciclastic sandstone in coarsening- and thick-
According to Papazzoni and Sirotti (1995) and revised by ening-upward sequences displaying low angle cross-bed-
Franqués in Serra-Kiel et al. (1997), the species present ding. Below the reef facies, the fossils are only found in the

are: Nummulites chavannedde LA HAarPe 1878, N. uppermost decimetres of the underlying units. Imbricated
ptukhiani KacHarava 1969, Assilina schwageri(SiL- specimens of the larger foraminifédsimmulites ptukhiani
VESTRI 1928), Heterostegina reticulata reticulata KacHARAA 1969, Assilina schwageri(SLvESTRI 1928),
RuTiMeYER 1850, Discocyclina augustae august®éeis- HeterosteginaDiscocyclina and Asterocyclina the small
DEN 1940, andAsterocyclina foraminifers miliolids and textularids, and encrusting

acervulinids and victoriellids are found. Abundant horizon-
The second outcrop is located below the road, at a tal burrowing, such a§hallassinoides suevicUERIETH
point which is known locally as La Trona. The analysis of 1932), and holes coated with larger foraminifers, such as
the association of coral, coralline-algae, and small and Nummipera eocenicbdoLDER 1989, occur.
larger foraminifers allows us to characterise different
litho-biofacies within the reef complex and to establish the Above the reef facies, fragments of corals, miliolids
geometric relationships between them (Fig. 18). and acervulinids are found in the sandstone. This facies is
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FIGURE 19] Correlation between the reef-slope facies (at the road-side) and the reef-building facies (in the quarry) in the La Tro-
na reef outcrop. A: Sandstone with coral fragments and larger foraminifers. B: Massive packstone of coral fragments encrus-
ted by coralline-algae. C1: Planar coral framework. C2: Branching and massive coral framework. D: Encrusting coralline-algae
bindstone. E1: Coral fragments encrusted by coralline-algae, undulating stratified packstone. E2: Coral fragments encrusted
by coralline-algae, planar stratified packstone.
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interpreted as a stream mouth bar deposited during deltaicis a muddy matrix in whictNummulitesAssilina schwa-

progradation.

Below the reef facies, the presence of low angle cross-
bedding and the imbricated disposition of the larger
foraminifers suggests that this facies was formed during
the initial part of a transgressive episode, due to reworking
by waves of the underlaying deltaic sandstone.

B: Massive packstone of coral fragments encrusted by
coralline-algae

geri (SLvesTRI 1928) andHeterosteginare found.

In the north-western sector of the reef, massive sand-
stone with fragments of corals in the bottom part are inter-
calated and cover the reef framework facies.

The abundance of branching and massive coralline
colonies indicates higher light intensity than in subfacies
C1. The sandstone beds, located only in the north-western
area, are interpreted as event deposits. The supply of these
terrigenous deposits was practically instantaneous and did

This facies consists of massive tabular packstone made not interrupt the reef growth in the rest of the area.

up of coral fragments encrusted by coralline-algae,
bivalves, fragments of the octocoralliRarisis dachiardii
(OpPPENHEIM1923) and the larger foraminifekimmulites
ptukhiani KacHarRAava 1969, N. striatus (BRUGUIERE
1792), Assilina schwageri(SLvesTrI 1928) andHete-
rostegina

This facies is interpreted as being formed in a high
energy environment where bioclastic accumulation
occurred.

C: Coral reef framework

C1) Planar coral framework. This subfacies consists of
a massive framestone formed@yjathoseris castrdvA-
LLADA 1887, and corals with a wackestone matrix. The
planar coral is founih situ,locally encrusted by coralline-
algae and small foraminifers (haddonids, acervulinids,
coscinophragmatids, victoriellids and planorbulinids). The
presence of colonies of the branching céwtinacis cog-
nataOpPENHEIM1901, and fragments &farisis dachiardii
(OPPENHEIM 1923), increases towards the top of the inter-
val. The predominance @i situ colonies of planar corals

D: Encrusting coralline-algae bindstone

This facies is formed of bindstone with encrusting and
in situ branching coralline algae, with a wackestone
matrix. In the lower part, coralline algae are found as
rhodoliths with a coralline nucleus or as crusts over the
muddy substrate, whereas in the upper part the coralline
algae have a branching morpholodsilina schwageri
(SwLvesTRI 1928) in the lower parNummulitesn the low-
er and middle part, andeterosteginahroughout the unit,
as well as small foraminifers, planorbulinids and miliolids,
are found in association with the coralline algae. Locally,
still articulated branches of the octocorallifarisis
dachiardii (OpPeENHEIM 1923) and oysters in life position
are present.

This facies is interpreted as having developed lateral-
ly to, and in a shallower situation than the C1 subfacies.
The lateral change between C1 and D has been ascribed
to trophic factors: Nutrients, more abundant in this area,
favoured coralline-algae rather than coral growth. The
presence of still articulated segments PBhrisis

indicates that this subfacies developed in the deeper partdachiardii (OppPeNHEIM 1923) indicates a low level of

of the euphotic zone in meso-oligotrophic conditions. A
basal-interstitial eutrophic level allowed the growth of the
encrusting small foraminifers.

Moving up within the sequence, the coral morphology
changes from planar to massive and branching colonies,
indicating an increase in the light level probably resulting
from a decrease in water turbulence or depth.

C2) Branching and massive coral framework. This
subfacies consists of massive framestone forméu sifu
massive and branching corals with higher diversity than in
subfacies C1. The principal species@egeiphyllia tenuis
(Reuss 1868) andActinacis cognataOpPPENHEIM 1901,
thoughAstreopora tectdCatuLLo 1856) andStylophora
contorta (LEyMERIE 1846) are also present. Small
foraminifers such as miliolids and acervulinids, coral frag-
ments encrusted with coralline-algae, and corals perfor-

water energy.

E: Stratified packstone of coral fragments encrusted by
coralline-algae

E1) Coral fragments encrusted by coralline-algae,
undulating stratified packstone. This subfacies is the pre-
dominant facies in the reef. It consists of undulating strat-
ified packstone of coral fragments encrusted by coralline
algae Actinacis cognat®prpPeNHEIM 1901 is the dominant
coral taxon. The top of each stratum is marked by the pres-
ence of oysters in life position. Bioclastic sandstone beds
with algal fragments and nummulitids are found discon-
tinuously between the limestone. Branching coralline-
algae Mesophyllum Lithophylum Lithoporella, Archae-
olithoporellaandArchaeolithothamnionhare present. The
octocorallineParisis dachiardii (OpPENHEIM1923),Num-
mulites Assilina schwagel(SLvesTrI 1928),Heterostegi-

ated by bivalves are also present. Between the corals therena, and small foraminifers (miliolids, bolivinids, textular-
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TABLE 1] Summary of the Scleractinian species identified in La Trona reef outcrop in the different reef environments.

Resf crest
Algas ridge

Framework
wall

Bottom
resf wall

Order SCLERACTINIA

Famiy STYLOPHORIDAE 1 — POCILLOPORIDAE 1

conforta (LEYMERIE 1846)
Family STYLOCAENIDAE {1/ — ASTROCOENIINAEZ)

| Siylocoenis teurinensis (MICHELIM 1B42)
Siviecoenia Reuss 1870

mﬂﬂﬂ
Astrocoenis lobalootundsla (MiCHELIN 1842)
Family FAVIIDAE ") — parts FAVIINAEZ! %)

Coipophyita stelata (CATuLLG 1852)

Pefraphyttella calfifers OppenHEiv 1912

Cermiphijia faruls (REUSS 1868}

b= = =

[

Astreapara lecla (Camuiin 1858)

Anfiguasirass cvlic! (OPPENHEIM 1908)

Family PARASMILIIDAE

Placosmilinpais biobafvs (0 criarnl 1868)

Desmophyliom casteliolensls AlvaRezPEREZ1993

Family MUSSIDAE

Leptomuasa varahilly 0 AcHRD 1868

Family PHYLLOCAENIDAE ')

Manisstrea guetiarol (DeFrance 182E6)

Family MEANDRIIDAE ")

Sinuosiphyiiia macrogira (REuss 1867)

Euphyflia pachecoi Solé1542

o

Family AGARICIDAE (11471

Cyalfhosans cosfod Mallans 1887

™

Pavona bronni (HAME 1850}

Famity LATOMEANDRIDAE 1 = FAVIIDAE 2

Elipsocaenia bauzai (MALLADA 1BBT)

Family THAMNASTERIIDAE 11)1%)

Sidprasiraea mordoli (REUSS 1864)

Sigerrsirmea hemisphaenon D°ACHIARD) 1875

Sidprastroes formjuliensis 'ACHIARD 1875

p e L= p =

Family ACTINACIDIDAE 17 @

Actingcis cognats OFPENHEIM 1901

Ve Yl

Famiy PORITIDAE

Foniopove elegans (LEYMERIE 1646)

Gronkopora ameliane {DEFRANCE 1B26)

Dhichysreea octopatfa OePEnsEiM 1801

o e

Crdar GORGOMNACER

Family ISIDIDAE

Parists dechiarii (OPFENHER 1923)

DOrdar COENOTHECALIA

Family HELLIOPORIDAE

Parapaolytrarmacis bolargdi (HUME 1B52)

*.'.l

{1} Allgitesn (in Piveleau) 1952 o
{2} Wells (in Moore) 1958
{3} Catlle 1856

@ Speces widespread in the reaf facies.

Dcurrenoe of the speces in the resd facies

ids, homotrematids and victoriellids) are also present.

coralline-algae decreases and the coral abundance increas-

Towards the top of the sequence, the abundance of es.
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E2) Coral fragments encrusted by coralline-algae, pla- foraminifers. This reef system onlaps the third deltaic
nar stratified packstone. This subfacies is found in the sandstone cycle within the“ZBartonian regressive sys-
uppermost part of the reef. It consists of packstone, with tem. The lower facies of the onlap deposits are charac-
planar stratification, made up of coral fragments encrusted terised by marl with abundant larger foraminifers, which
by coralline-algae. Locally, there are massive colonies in change progressively upwards to the reefal facies (Fig.
life position bored by bivalves and covered by oysters in life  20).
position. Larger foraminifers are less abundant than in sub-
facies E1. The dominant coral fragments belong, as in sub-  The species of larger foraminifers identified by Papaz-
facies E1, toActinacis cognataOppeENHEIM 1901. The zoni and Sirotti (1995) and revised in Serra-Kiel et al.
coralline-algae ar®esophyllumLithophylum Lithoporel- (1997) areNummulites chavanneBiE LA HARPE 1878,N.
la and Archaeolithoporella The stratification of this facies praegarnieri ScHaus 1981, N. ptukhiani KACHARAVA
is interpreted as the result of cyclical changes in the clastic 1969, Operculina roselli HoTTINGER 1977, Assilina
supply intensity, with coralline-algae development in the schwageri (SiLvesTrl 1928), Orbitoclypeus varians
lower clastic supply periods, the growth of oysters indicat- (Kaurmann 1867), Asterocyclina Halkyardia minima
ing the beginning of the clastic supply, and the sandstone (LieBus 1919) andSphaerogypsina globul@euss1848).
deposition representing the higher clastic supply periods.

The coralline species identified by Alvarez-Pérez and

The facies and the geometric relationships of this reef Busquetsn Alvarez-Pérez et al. (1994) arctinacis cog-
system were described by Alvarez-Pérez et al. (1994, nata OppeNnHEIM 1901, Cereiphyllia tenuigReuss 1868),
1999) and Franqués (1996), and they are shown in Figures Cyathoseris castrdilaLLaba 1887,Colphophyllia stella-

18 and 19. ta (CatuLLo 1856), Petrophylliella callifera OPPENHEIM
1912, Goniopora elegangLEYMERIE 1846), Stylocoenia

The scleractinian species identified in this reef com- taurinensis(MicHELIN 1842),Parisis dachiardii (OpPEN
plex by Alvarez-Pérez and Busquets (Alvarez-Pérez et al. HEim 1923),EusmilliaandStylophora
1994, 1999) are summarized in Table 1.

Gurb outcrop
Patch reef facies overlying the La Trona reef
Location: The outcrop is located (6 in Fig. 14) on the

Location: The outcrop is located (5 in Fig. 14) on the road (BV-4601) from Vic to Sant Bartomeu del Grau (km

road (BV-4608) from Sant Hipolit de Voltrega to Sant Boi  5.5).

de Llucanés (km 9.1). Lithostratigraphic Unit: Gurb Marl Member (Reguant,
Lithostratigraphic Unit: Sant Marti Xic Limestone 1967; Barnolas et al. 1983).

Formation (Reguant, 1967). Chronostratigraphic Unit: Late Bartonian.
Chronostratigraphic Unit: Late Bartonian. Biostratigraphic Unit: SBZ 18.
Biostratigraphic Unit: SBZ 18. Unconformity-Bounded Unit: 2 Bartonian Cycle.
Unconformity-Bounded Unit: 2 Bartonian Cycle. Transgressive System.

Regressive System.
Here it is possible to observe the biofacies of the deep
In this outcrop it is possible to observe the patch reef euphotic shelf and to collect specimens of larger
and nummulitic facies, and to collect samples of larger foraminifers.

W =

lobe | loba

deHlaic palch real facies muddy shell facias deHlaic
facias facias
o 5m

FIGURE 20| Patch reef facies outcrop. Muddy shelf facies on the bottom, grading upwards to patch-reef facies. The building of
the reef was stopped by the supply of siliciclastic deposits.
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In this outcrop, the lithofacies is characterised by the
alternation of marl and marly limestone.

The marly limestone shows a lumachellic character and is
mainly made up of vinculariform bryozoa, siliceous sponges
such ad aocaetis GuettardiscyphiaandXylospongidn life
position or fallen, brachiopods, bivalves and decapods.

The species of larger foraminifers identified by Ferran-
dez-Canadell in Serra-Kiel et al. (1997) dbéscocyclina
radians radians(D’A rcHIAC 1850),D. augustae augustae
WEIIDEN 1940, Asterocyclina stellarigBRUNNER 1848 in
RuTiMEYER 1850),0rbitoclypeus daguiniNeumann 1958),
Assilina schwagel(SLvesTtri 1928) and smalNummulites

The marly limestone levels normally have a flat ge-
ometry, although locally they form small rounded positive
reliefs. The marl almost exclusively contain bryozoa.

The fossil association of the marly limestone indicates

the deep and euphotic character of the shelf (Caus and Se-

rra-Kiel, 1984; Teixell and Serra-Kiel, 1988).

The alternation between marl and marly limestone is

interpreted as the result of cyclical processes of sedimen-

tation/non-sedimentation. A low sedimentation rate per-

mitted the life of organisms such as bryozoa and sponges,

and produced the marly intervals. Non-sedimentation peri-

ods led to an intense colonisation of the depths, producing

the lumachellic character of the more calcareous levels.
The geometry of the marly limestone levels forming

small positive reliefs is interpreted as being the result of

the baffle effect of organisms living fixed to the bottom.

Sant Bartomeu del Grau outcrop

Location: The outcrop is located along the cliff, 800 m
east of the village of Sant Bartomeu del Grau (7 in Fig.

|
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14).

Lithostratigraphic Unit: Sant Marti Xic Limestone
Formation (Reguant, 1967), and Terminal Complex
(Barnolas et al. 1983; Travé, 1992).

Chronostratigraphic Unit: Late Bartonian and Early
Priabonian?.

Biostratigraphic Unit: SBZ 18 and SBZ 197?.

Unconformity-Bounded Unit: Regressive System of
the 2“ Bartonian Cycle and Terminal Complex.

In this outcrop it is possible to collect samples of the
uppermost nummulitids of théBartonian cycle and the
porcellaneous larger foraminifers of the first carbonate
unit of the Terminal Complex.

The last Eocene marine units of the South-Pyrenean
Foreland Basin that outcrop in this locality were named
Terminal Complex by Barnolas et al. (1983) and were
described by Travé (1992).

The last onlapping reef system is developed on top of
prograding deltaic facies (Fig. 21). The beginning of the
onlap facies is represented by larger foraminifer facies
with Nummulites chavanneBiE LA HARPE 1978, Disco-
cycling, Asterocyclina stellata(D’arcHiac 1846) and
Sphaerogypsina globuldReuss 1848), according to
Papazzoni and Sirotti (1995) and revised by Serra-Kiel in
Serra-Kiel et al. (1997).

On top of this larger foraminifer facies, the Sant Bar-
tomeu del Grau reef facies developed, affected in its
uppermost part by a paleokarst, indicating the emergence
of the marine units in the marginal parts of the basin.

Above the reef facies, the Terminal Complex devel-
oped. This complex is composed of three siliciclastic units
and three carbonate units. The siliciclastic units are made
up of marl and shallow turbiditic sandstone with rain drop
marks and bird tracks.

FIGURE 21| Sant Bartomeu del Grau outcrop. Geometric relationships between the regressive system of the 2nd Bartonian cycle
and the Terminal Complex. LDU: Lower Detritic Unit; LCU: Lower Carbonate Unit; MDU: Middle Detritic Unit; MCU: Middle

Carbonate Unit; and UCU: Upper Carbonate Unit.
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FIGURE 22| Location of the Collsuspina outcrop.

The Lower Carbonate Unit is composed of wacke-
stone-packstone with abundant porcellaneous larger
foraminifers such a®rbitolites, Rhabdorites malatyaen-
sis (SIREL 1976) andMalatyna vicensisSIREL and AGAR
1998. According to Sirel and Acgar (1998) this outcrop is
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the type-locality of thévialatyna vicensis.

The Middle Carbonate Unit is composed of lithoclasts
and bioclasts with abundant oolithic coatings, locally
developing oolithic bars.

The Upper Carbonate Unit is mainly formed by stro-
matolithic limestone and shows evidences of pedogenic
processes and subaerial exposure.

The geometric relationships between the last deltaic
facies, the last reef facies and the Terminal Complex are
shown in Figure 21.

Collsuspina outcrop

Location: This outcrop is located (1 in Fig. 25 and Fig.
22) on the road (N-141) between Tona and Moia (km 31).

Lithostratigraphic Unit: Terminal Complex ( Barnolas
et al., 1983).

Chronostratigraphic Unit: Late Bartonian - Early Pri-
abonian?.

FIGURE 23| Collsuspina outcrop. Sketch (based on photographs) of the studied outcrop of the Terminal Complex. Thicker lines:
local unconformities between the three carbonate units. The letters correspond to the different microfacies described in the

text.
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Biostratigraphic Unit: SBZ 18 - SBZ 19?. small foraminifers valvulinids, ammodiscids, fischerinids,
Unconformity-Bounded Unit: Terminal Complex. bolivinids, asterigerinids, miliolids and peneroplids.

In this outcrop it is possible to observe the microfacies Microfacies D is made up of millimetric thick alter-
and geometry of the three carbonate units of the Terminal nations of grainstone and micritic laminations. The
Complex and to collect porcellaneous larger foraminifers grainstone is made up of: peloids, porcellaneous
samples from the Late Bartonian-Early Priabonian? (SBZ foraminifers such askhabdorites malatyaensiéSIReL
18 - SBZ 19?). 1976), Spiroling, miliolids andPeneroplis agglutinated

foraminifers such as textularids; echinoid fragments,

Here the Terminal Complex consists of three carbonate branching bryozoa, ostracods, bivalves, small gas-
units separated by local unconformities (Fig. 23). The sili- tropods, dasycladales and coralline-algae, such as the
ciclastic intervals found in other areas between the car- crustoselithoporella and the articulatedlania Most
bonate units are lacking in this area. components show a superficial oolithic coating. The

micritic laminations are composed of continuous crinkly

The Lower Carbonate Unit, up to two metres thick, is cyanobacterial laminations with pelsparitic patches and
made up of light grey tabular limestone with local develop- abundant fenestral structures.
ment of carbonate mounds, up to 0.4 m high and 1 m across.

This unit contains two microfacies: A) Porcellaneous Microfacies E consists of millimetric crinkly lamina-
foraminifers and coralline-algae wackestone-packstone, and tions of alternating dark micritic laminae and light
C1) Crustose coralline-algae, bryozoa and attached microsparitic laminae with abundant fenestral structures.
foraminifer boundstone.

Microfacies F is made up of a framework of sinuous

The Middle Carbonate Unit, ranging from 20 cm up to tubes of rounded morphology reaching 250-300 mm in
1 metre in thickness, contains light grey, thin-bedded lime- diameter with a micritic wall, set in a micritic matrix.
stone with local development of centimetric to metric car-
bonate mounds. This unit is formed by five microfacies: The base to top distribution of the microfacies in the
B) Porcellaneous foraminifers and coralline-algae grain- three units of the Terminal Complex shows an shallow-
stone, C2) Crustose coralline-algae, bryozoa and attacheding-upward character and a progressive change from
foraminifer boundstone, D) Porcellaneous foraminifer mesotrophic to eutrophic conditions. The maturation
grainstone alternating with micritic laminations, E) cycle of the epiphytic fauna indicates a change from
Micritic and microsparitic laminations, and F) Serpulid perennial vegetation (in the Lower Unit) to seasonal veg-
packstone. etation (in the Middle Unit). During the formation of the

Upper Unit the environment was colonized by cyanobac-

The Upper Carbonate Unit, up to 1.75 m thick, consists terial mats.
mainly of light brown laminated limestone containing
microfacies E. A detailed description of these facies and their inter-

pretation was made by Travé (1992) and Travé et al.

The foraminifer associations in microfacies A and B (1994, 1996).
consist of larger porcellanous foraminifers such as
Malatyna vicensisSIREL and Acar 1998, Rhabdorites Calders section
malatyaensi{SIREL 1976) andOrbitolites, together with
peneroplids, miliolids, nubeculariids, fischerinids, aggluti- Location: The outcrop is located (2 in Fig. 25 and Fig.
nated foraminifers such as ammodiscids and valvulinids, 24A) on the road (B-124) from Monistrol de Calders to
and hyaline foraminifers such as bolivinids, discorbids, Calders (km 36).

cibicids, acervulinids and asterigerinids. Lithostratigraphic Unit: Collsuspina Limestone For-
mation (Reguant, 1967; Barnolas et al., 1983).

The most abundant coralline-algae &erallina, Chronostratigraphic Unit: Late Bartonian.
Jania and Lithoporella Ostracods, echinoids, bryozoa, Biostratigraphic Unit: SBZ 18.
bivalves, gastropods, dasycladales, udotacean, and sporad- Unconformity-Bounded Unit: 2 Bartonian Cycle.
ically some oysters are also present. Regressive System.

The fossil association of microfacies C1 and C2 com- In this section, studied by Vilaplana (1977) and Serra-
prises: the articulated coralline-alg#miaandCorallina, Kiel (1984) it is possible to observe the sedimentary facies
the crustose.ithoporella and Lithothamnionthe hyaline of the 2 Bartonian regressive system and to collect sam-

attached foraminifers victoriellids and homotrematids, the ples ofNummulites biedascHaues 1962, characteristic of
agglutinated haddoniids and coscinophragmatids, and the SBZ 18, from its type-locality.
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FIGURE 24| Location (A) and stratigraphic section (B) at Cal-

ders (Serra-Kiel, 1984).
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In this area, the stratigraphic section of tFeBarton-
ian regressive system (Fig. 25B) consists of siliciclastic
intervals intercalated with carbonate intervals.

The siliciclastic intervals, made up of marl, sandstone
and conglomerate distributed in thickening- and -coarsen-
ing-upward sequences, have been interpreted as deltaic
facies.

The carbonate intervals consist of corals and crustose
coralline-algae, interpreted as reef facies, and dhteeu
accumulation of large-size@ummulites (such asN.
biedai ScHauB 1962), interpreted ddummulitedbanks.

Sampling points 1, 2 and 3 are from the carbonate
intervals (Fig. 25B). Sampling points 1 and 3 correspond
to reef facies, and point 2 correspondsltonmulitesank
facies.

Points 1 and 2 contabummulites biedgcHaus 1962,
N. ptukhianiKacHaraa 1969, andN. cyrenaicusScHAUB
1981. Sampling point 3 contailds ptukhianiK AcHARAVA
1969, andN. cyrenaicuscHaus 1981. The location of point
2 is the type-locality oN. biedaiScHaus 1962.

THE BARTONIAN MARINE RECORD IN THE IGUALADA
AREA

Puig Aguilera section

Location: The outcrop is located on the Puig Aguilera
hill (1 in Fig. 25 and Fig. 26A).
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FIGURE 25| Location of the Bartonian sections in the Iguala-
da area, and outcrop 8 and section 9 of the Vic area.
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Lithostratigraphic Unit: Igualada Formation (Ferrer,
1971) and Tossa Formation (Ferrer, 1971).

Chronostratigraphic Unit: Late Bartonian.

Biostratigraphic Unit: SBZ 18.

Unconformity-Bounded Unit: "2 Bartonian Cycle.
Transgressive and Regressive Systems.

In this outcrop it is possible to observe the regressive
system from the"Bartonian cycle in a position closer to
the basin centre than in the previously visited outcrops,
and to collect larger foraminifer samples, especially of
Pellatispira madarasziHANTKEN 1875) andBiplanispira
absurdaUmsGRrovE 1938.

The stratigraphic section (Fig. 26B) begins at the bot-
tom with marl with abundant larger foraminifers, espe-
cially orthophragminids @iscocyclina, Asterocyclina
interpreted as belonging to the upper part of tH&3ar-
tonian transgressive system.

The overlying interval consists of marl and sandstone
alternating with limestone beds. The marl is rich in larg-
er foraminifers, whereas the limestone intervals are rich
in corals, coralline-algae, bryozoa and larger
foraminifers. The interval has been interpreted as distal
facies of a deltaic system alternating with reef facies,
resulting in a succession of offlap-onlap cycles, and
belonging to the regressive system of theBartonian
cycle. Details on the paleocological features of this sec-
tion can be found in Romero and Caus (2000) and
Romero et al. (2002).

Sampling point 1 is in the marl corresponding to the
2" Bartonian transgressive system. Points 2, 3 and 4 are in
the regressive system of thé& Bartonian cycle (Fig.
26B).

According to Romero (1996, 2001), Romero et al.
(1999) and Hottinger et al. (2001) the following species
have been identified:

Point 1: Asterocyclina stellaris(tBRUNNER 1848 in
RuTiMEYER 1850), Discocyclina pratti(MicHELIN 1846),

D. augustae olianadlmela and Rios 1942)perculina
roselli HOTTINGER 1977, Assilina schwageri{SILVESTRI
1928), andNummulites

Point 2: Asterocyclina stellaris(tBRUNNER 1848 in
RUTIMEYER 1850), A. stellata(D’ARcHIaCc 1846), Disco-
cyclina pratti (MicHeLIN 1846), D. radians radians
(D’ARcHIAC 1850),D. augustae olianadlmela and Rios
1942, Heterostegina reticulata reticulatdRUTIMEYER
1850, Assilina schwageri(SiLvesTrI 1928), andHalk-
yardia minima(LieBus 1919).

Point 3: Asterocyclina stellaris(tBRUNNER 1848 in
RuTiMEYER 1850), Discocyclina pratti(MicHELIN 1846),

D. radians radians(D’ARrcHiAc 1850), D. augustae
olianae Almela and Rios 194Z]eterostegina reticulata
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FIGURE 27| Location (A) and stratigraphic section (B) at La
Tossa de Montbui (Salas, 1979).
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reticulataRUTIMEYER 1850,H. aff. reticulata italicaHeRB
1978, Assilina schwager(SiLvesTrl 1928), Halkyardia
minima (LieBus 1919), Orbitoclypeus varians(KAur-
MANN 1867) andNummulites

Point 4: Asterocyclina stellaris(tBRUNNER 1848 in
RuTIMEYER 1850), Discocyclina pratti(MICHELIN 1846),
D. augustae oliana@lmela and Rios 194Heterostegi-
na reticulata reticulateRUTIMEYER 1850, H. aff. reticula-
ta italica Hers 1978, Assilina schwageri(SILVESTRI
1928), Pellatispira madaraszi (HANTKEN 1875),
Biplanispira absurdaUmsGRrRove 1938, Orbitoclypeus
varians(KAuFMANN 1867) andNummulites

La Tossa de Montbui section

Location: The outcrop is located on the road (BV-
2204) from Santa Margarida de Montbui to La Tossa hill
(2 in Fig. 25 and Fig. 27A).

Lithostratigraphic Unit: Igualada Formation, Tossa
Formation (Ferrer, 1971) and Terminal Complex
(Barnolas et al., 1983; Travé, 1992).

Chronostratigraphic Unit: Late Bartonian and Early
Priabonian?.

Biostratigraphic Unit: SBZ 18 and SBZ 19?.

Unconformity-Bounded Unit: Upper part of the trans-
gressive system and regressive system of"tf@a2tonian
Cycle, and Terminal Complex.

In this outcrop it is possible to observe the sedimenta-
ry facies of the upper part of the transgressive and regres-
sive systems of theBartonian cycle, and to collect larg-
er foraminifer samples from these levels.

The stratigraphic section (Fig. 27B) begins with marl
of the Igualada Formation (Ferrer, 1971) rich in
orthophragminids (point 1), interpreted as the top of the
transgressive system of th@ Rartonian cycle. Higher up,
there is an interval of marl rich in orthophragminids and
nummulitids (point 2).

Further up, there are two coarsening- and thickening-
upward sequences made up of marl and fine sandstone
interpreted as deltaic facies that correspond to the begin-
ning of the 2! Bartonian regressive system.

Over the previous sequence, there is an interval of
undulating stratified limestone, rich in coral colonies and
coralline-algae, with centimetric marly horizons interca-
lated. The reef buildups are often truncated by carbonate
beds with erosive base made up of broken and reworked
bioclasts. This interval is interpreted as reef facies that
developed in a shallow environment subject to periodic
siliciclastic supply. The carbonate beds made up of broken
bioclasts are interpreted as the filling, by fragments pro-
duced by reef abrasion, of channels crossing the reef
buildup.
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The top of the reef system is truncated by cross:
stratified sandstone rich in the gastropdalates They
are interpreted as the bottom of the Terminal Complex
The top of the section is represented by a carbonat
interval with abundant porcellaneous foraminifers cor-
responding to the first carbonate unit of the Terminal
Complex.

Sampling point 1 contains the larger foraminifer
speciesD. radians radiangD’A RcHIAC 1850),D. augus-
tae augusta@NVelpen 1940 andAsterocyclina stellaris
(BRUNNER 1848 in RUTIMEYER 1850), according to Fe-
rrandez-Cafiadell (1999).

Sampling point 2 contains the larger foraminifer
speciesNummulites chavannefie LA HArRPE 1878, N.
praegarnieriKacHarAavA 1969, N. ptukhianiKAcHARAVA
1969, N. incrassatus incrassatuBe LA HarPE 1883
Assilina schwager{SiLvesTtri 1928), Operculina roselli
HotTinger 1977, Discocycling Asterocyclina stellata
(D’ARcHIAC 1846), andAsterigering according to Papaz-
zoni and Sirotti (1995) and revised by Serra-Kiel in Serra-
Kiel et al. (1997).

Santa Maria de Miralles section

Location: The stratigraphic section is located (3 in Fig.
25 and Fig. 28A) on the road (C-37) between Valls anc
Igualada (km 43-44).

Lithostratigraphic Unit: Collbas Formation (Ferrer,
1971).

Chronostratigraphic Unit: Early Bartonian.

Biostratigraphic Unit: SBZ 17.

Unconformity-Bounded Unit: 1 Bartonian Cycle.
Transgressive System.

In this outcrop it is possible to observe theBarton-
ian transgressive system and to collect larger foraminife
samples, mainly nummulitids characteristic of SBZ 17.
This section contains tidummulites hottingerScHauB
1981 and theAlveolina fragilis HOTTINGER 1960 type-
localities.

The stratigraphic section (Fig. 28B) begins with grey
marl with vegetal remains and bioclasts followed by con-
glomerate and planar cross-stratified sandstone. The col
glomerate contains bored clasts and clay pebbles. Th
interval is interpreted as a barrier island-lagoon comple»
(Teixell and Serra-Kiel, 1988) and corresponds to the bot
tom part of the transgressive cycle.

Further above, there are two biocalcarenitic beds grad
ing into a marly interval with horizons rich Nummulites
pectinids, gastropods, and bryozoa (point 1 in Fig. 28B)
interpreted as condensation horizons developed in a
inner shelf environment.
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Further up, there is an interval of marl (point 2 in Fig.
28B), very rich in Nummulites perforatu§MONTFORT
1808), interpreted asummuliteshanks by Serra-Kiel and

Reguant (1984). Alternating with the marl, there are car-

bonate beds rich iN. perforatugMonTFORT 1808), with

abundant porcellaneous larger foraminifers on top, such as

Alveolina fusiformisSowersy 1850, A. fragilis Hot-
TINGER 1960, andOrbitolites These carbonate beds are

Inventory of the Middle/Upper Eocene marine record in NE Spain

riolarius (LAmARck 1804) andAssilina schwager{SiL-
VESTRI 1928).
CONCLUDING REMARKS

The outcrops and sections that we show in this inven-
tory belong to the following lithostratigraphic units and

interpreted as back-bank facies developed on top of the larger foraminifer biozones:

shallowing upward sequences made up oNbmmulites

bank facies (Serra-Kiel and Reguant, 1984; Teixell and

Serra-Kiel, 1988).

1) The Emporda outcrops and sections belong to the
Tavertet/Girona Limestone Formation (Reguant, 1967;
Palli, 1972), Banyoles Marl Formation (Almela and Rios,

Further up in the section, there is an interval made up 1943), Bracons Formation (Gich, 1969, 1972) and

of an alternation of marl and carbonate beds (point 3 in Folgueroles Sandstone Formation (Reguant, 1967). These
Fig. 28B) changing progressively to limestone with abun- lithostratigraphic units comprise the Early Lutetian-Early
dant coral colonies and coralline-algae. These deposits areBartonian interval, and contain porcellaneous larger
interpreted as reef facies. On top of the reef facies, a marly foraminifers and nummulitids that are representative of

interval (point 4 in Fig. 28B) rich in orthophragminids,
Assiling Operculinaand Nummuliteshas been interpret-

ed as a middle shelf facies (Teixell and Serra-Kiel, 1988),

SBZs 13, 14, 15, 16 and 17.

2) The Vic outcrops and sections are Lutetian and

and indicates a deepening of the depositional environment Bartonian in age. The Lutetian levels belong to the

(Caus and Serra-Kiel, 1984).

The top of the section is formed of marl witum-
mulites and solitary corals such &yclolitopsis patera
(D’AcHiarDI, 1867) (point 5 in Fig. 28B) corresponding to
the deeper settings of the middle shelf.

According to Hottinger (1960), Ferrer (1973), Schaub
(1981), Serra-Kiel (1984), and revised by Tosquella in
Serra-Kiel et al. (1997), the larger foraminifers present in
this section are:

Point 1:Nummulites vicaryScHaus 1981,N. striatus
(BRUGUIERE 1792),N. praegarnieriScHaus 1981,N. var-
iolarius (LamMARCk 1804) andAssilina schwager(SiL-
VESTRI 1928).

Point 2: It is the type-locality oAlveolina fragilis
HoTTINGER 1960 and also contaiddummulites perforatus
(MonTFORT 1808),N. cyrenaicusScHaus 1981,N. vicaryi
ScHaus 1981,N. ptukhianiKacHarava 1969,N. praegar-
nieri ScHaus 1981, N. variolarius (LamARCk 1804) and
Assilina schwager{SiLvesTrI 1928).

Point 3: It is the type-locality dlummulites hottingeri
ScHaus 1981 and\. praegarnieriScHaus 1981, and also
contains N. cyrenaicus ScHAuB 1981, N. striatus
(BRUGUIERE 1792) and Assilina schwageri(SILVESTRI
1928).

Point 4:Nummulites perforatu@MonTFORT 1808), N.
cyrenaicusScHAus 1981, N. beaumontD’A RcHIAC and
Haive 1853,N. praegarnieriScHaus 1981,N. variolarius
(Lamarck 1804), Assilina schwageri(SiLvestrI 1928)
andOperculina roselliHOTTINGER 1977).

Point 5:Nummulites vicaryScHaus 1981,N. striatus
(BRUGUIERE 1792),N. praegarnieriScHaus 1981,N. va-
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Tavertet/Girona Limestone Formation (Reguant, 1967;
Palli, 1972), the Coll de Malla Marl Formation (Clavell
et al., 1970), and the Folgueroles Sandstone Formation
(Reguant, 1967), and contain porcellaneous larger
foraminifers and nummulitids representative of SBZs
13, 14, 15 and 16. The Tavertet/Girona Limestone For-
mation contains the type-localities ddummulites
crusafonti REcuanT and QaverL 1967, and Num-
mulites tavertetensifREGUANT and QAvELL 1967,
while the Coll de Malla Marl Formation provides the
type-locality ofNummulites puigsecendReGuANT and
CLavELL 1967. The Bartonian levels belong to the La
Guixa Marl Member (Reguant, 1967; Barnolas et al.,
1983), the Gurb Marl Member (Reguant, 1967;
Barnolas et al., 1983), the Igualada Formation (Ferrer,
1971), the Sant Marti Xic Limestone Formation
(Reguant, 1967), the Terminal Complex (Barnolas et
al., 1983; Travé, 1992), and the Collsuspina Limestone
Formation (Reguant, 1967; Barnolas et al., 1983)
equivalent to the Sant Marti Xic Limestone Formation
and the Terminal Complex together. The Collsuspina
Limestone Formation contains the type-locality of
Nummulites biedaiScHauB 1962, and the Terminal
Complex contains the type-locality dfalatyna vicen-

sis SIREL and AcAR 1998. These Bartonian units corre-
spond to SBZ 18. The biostratigraphic situation of the
Terminal Complex is open to doubt, being located
between the top of SBZ 18 (Late Bartonian) and the
base of SBZ 19 (Early Priabonian).

3) The Igualada sections belong to the Collbas For-
mation (Ferrer, 1971), Igualada Formation and Tossa
Formation (Ferrer, 1971). These units belong to SBZs 17
and 18. The Collbas Formation provides the type-locali-
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ties of Nummulites hottingerScHaus 1981,N. praegar-
nieri ScHaus 1981, andAlveolina fragilis HOTTINGER
1960.
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