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| ABSTRACT |

An integrated magneto-biostratigraphic study, based on calcareous nannofossils, was carried out on the Eocene
uppermost marine deposits of the southeastern Pyrenean foreland basin. The study was performed along six sec-
tions of the upper portion of Igualada Formation, cropping out in the Vic area. Common late Middle/Upper
Eocene nannofossil assemblages allow recognizing, within a normal magnetozone or immediately below, the
FO of Istmolithus recurvus, which identifies the base of NP19 Zone, in the Priabonian. This event occurs within
C16n.2n magnetozone in several oceanic and Mediterranean sections, which allows the correlation of the nor-
mal magnetozone in the Vic area to chron C16n.2n. This challenges previous magnetostratigraphic interpreta-
tions in the Vic area that correlated the uppermost marine sediments to chron C17n. The estimated age for the
FO of I. recurvus is 36 Ma and collectively with the magnetostratigraphic data indicates that the uppermost
marine sediments in the basin are of Priabonian age. The new results indicate that the entire chronology of the
marine strata needs reassessment. The thickness of chron C16n.2n varies from 45 m in the Collsuspina area
(southern sector) to about 270-290 m in the Sant Bartomeu del Grau area (northern sector), which is indicative
of a marked asymmetry in the basin deposition.

KEYWORDS | Late Eocene. Magnetostratigraphy. Biostratigraphy. Calcareous Nannofossils. Pyrenean hasin.

INTRODUCTION basin (Fig. 1), the occurrence over short distances of shal-
low-water facies, mainly containing benthic microfossils,

Basin analyses require precise dating, but poor out- and deep-water facies, characterized by planktonic micro-
crops, stratigraphic discontinuity and facies changes fossils, generally made difficult cross basin correlations,
often hamper this. In the southeastern Pyrenean foreland for the difficulty to correlate biostratigraphies based on
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FIGURE 1| A) Geological map with location of the Vic area (squared) in the northeastern part of the Ebro basin. B) Geological map with lithostrati-
graphic units of the studied sector in the Vic area (modified from Pisera and Busquets, 2002). Numbers refer to the studied sections: 1) Collsus-
pinat; 2) Collsuspina2; 3) Tona; 4) Miinter; 5) Gurb; 6) Sant Bartomeu del Grau.

planktonic microfossils with those based on larger
foraminifers (Luterbacher, 1998; Taberner et al., 1999).
During the two last decades, calcareous nannofossils
showed to be a powerful tool in terms of regional and
worldwide stratigraphic correlations. Some distinctive
characters make these microfossils useful in correlating
shallow and deep sectors of a basin, enabling the link of
biostratigraphic data from different microfossil groups
(benthic and planktonic) to other stratigraphic data (mag-

pilot-samples, including carbonate platform lithofacies, of
the Vic marine succession, encouraged us to undertake an
extensive investigation of these planktonic microfossils.
In this paper we report on new calcareous nannofossil and
magnetostratgraphic data for the uppermost marine
sequence, along several sections from the central and
northern parts of the basin in the Vic area, suggesting the
revision of previous biostratigraphic and chronostrati-
graphic assignments.

netostratigraphy). They are usually abundant, occur also

in shallow marine sediments

where planktonic
foraminifera are very rare or absent, the analyses of the

GEOLOGICAL SETTING

assemblages require a small amount of sediment that

allows to sample also thin shale layers in sand dominated

lithostratigraphic sections.

Calcareous nannofossils were poorly investigated in
the Pyrenean foreland basin (Anadén et al., 1983; Canudo
et al., 1988) and never in the Vic area. Previous biostratig-
raphy was focused mainly on the analyses of the rich
larger foraminifer assemblages, which provided the data
used for the compilation of part of the Paleocene-Eocene
Shallow Benthic Zones of Serra-Kiel et al. (1998). How-
ever, the record of diagnostic upper Middle to Upper
Eocene calcareous nannofossil assemblages, from some
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The Paleogene marine sediments of the southeastern
Pyrenean foreland basin (Ebro basin) constitute four tec-
tostratigraphic sequences of Ypresian through Bartonian/
early Priabonian (?) age (Serra-Kiel et al., 2003b). The
sedimentation starts with a transgressive system com-
posed of the shallow-marine Alveolina limestone of the
Cadi Formation (Fm) (Ypresian) and is normally capped
by the evaporite Cardona Fm (lower Priabonian) followed
by Oligocene continental deposits. At the easternmost
side of the basin, Vic area (Fig. 1), the marine succession,
considered to be middle Lutetian to late Bartonian in age,
consists of the following formations from the bottom
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(Fig. 2): Banyoles Marls, Tavertet Limestones, Coll de
Malla Marls, Folgueroles Sandstones, Igualada Marls
(subdivided into Manlleu Marl, La Guixa and Gurb Marl,
Vespella Marl members) and the Terminal Complex (con-
sisting of sandstones, anoxic marls, stromatholits and
gypsum). Particularly the marls of the Igualada Fm are
locally punctuated by carbonate facies and reef of the La
Tossa Fm (to the south) and the St. Marti Xic Fm (to the
north). At the easternmost side of the basin (Vic area) the
marine succession, which is sandwiched between Paleo-
cene and Oligocene continental deposits is traditionally
considered to be middle to upper Eocene in age (based
mostly on larger foraminifera biostratigraphy) (Serra-Kiel
et al., 1997 and references therein). In that framework, the
basal marine strata have been dated as middle Lutetian
age (east of Vic) to Bartonian age in the southern sector
of the basin, emphasizing a strong diachroneity of the
base of the marine deposits. This interpretation was con-
troversially challenged by Taberner et al. (1999) on the
basis of magnetostratigraphic data and numerical age
constraints (**Ar/3°Ar dating on glauconite crystals) from
the southern sector of the basin suggesting that marine
deposition also started there in the Lutetian, some 5 Myr
earlier than previously inferred (see also Serra-Kiel et al.,
2003a, b, c; Taberner et al., 2003). Instead, Taberner et al.
(1999) propose that a marked basin asymmetry is
observed later in its evolution.

bio- magnetostratigraphy (uppermost Eocene, SE Pyrenean foreland)

PREVIOUS CHRONOSTRATIGRAPHIC STUDIES

The studied sediments interested the geologists since
the middle of the nineteenth century, being the object of
numerous stratigraphic, sedimentologic, magnetostrati-
graphic and biostratigraphic studies (see Reguant, 1967;
Ferrer, 1971; Burbank et al., 1992; Taberner et al., 1999;
Romero and Caus, 2000; Serra-Kiel et al., 2003a and b,
and references therein).

The chronostratigraphic assignments were based
mostly on larger foraminifer biostratigraphy, discontinu-
ous planktonic foraminifera data from neighbouring
areas, combined with magnetostratigraphic information
(Serra-Kiel et al., 2003a and b), or on magnetostratigra-
phy and numerical age dating on glauconite (Taberner et
al., 1999). Some disagreement exists about the beginning
and the end of the marine sedimentation in this sector of
the basin. Particularly, the chronostratigraphic proposal of
Taberner et al. (1999) is in contradiction with earlier bios-
tratigraphic studies as pointed before, implying a shift of
some 5 My in the age of the earliest marine sediments
(Serra-Kiel et al., 2003c; Taberner et al., 2003).

As far as the end of the marine sedimentation is con-

cerned, it has been controversially considered late Barton-
ian or early Priabonian in age. Ferrer (1971) assigned the
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FIGURE 2| Chronostratigraphic diagram from the Vic sector of the southern Pyrenean foreland basin (modified from Pisera and Busquets, 2002).
Chronological schemes are from 1) Taberner et al. (1999) and from 2) Burbank et al. (1992). 3) In this study we propose a Bartonian/Priabonian bound-
ary in a lower position within the Vespella Marl member or even lower. The labelled arrows on the top of the diagram indicate the relative position of

the studied sections shown as vertical bars.
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upper portion of the Igualada Fm in its type area to the
early Priabonian on the basis of planktic foraminifers
from the Zone P15. Serra-Kiel et al. (2003b) dated these
sediments to the Shallow Benthic Zone (SBZ18), and cor-
related them to magnetochron 17 following the magne-
tostratigraphic section in the Vic area of Burbank et al.
(1992). Consequently, the upper Eocene is not represent-
ed in this area by marine sediments as reflected by the
absence of larger foraminifera from the SBZ 19 Zone
(Romero and Caus, 2000). Taberner et al. (1999) stressed
a diachrony of the top of the marine deposits on the basis
of a northward increase in the thickness of a normal chron
correlated to C17n.1n, in conjunction to the presence of
younger additional magnetozones within marine strata at
the top of the marine interval in the northern sector (Sant
Bartomeu del Grau quarry section). In addition, Canudo
et al. (1988) reported Priabonian calcareous nannofossils
(Zone NP18) and larger foraminifers (Zone Nummulites
fabiani) from the equivalent Arguis Fm, in the prepyre-
nean zone of Aragon.

The identification of the boundary between the Bar-
tonian and the Priabonian, i.e. the Middle Eocene/Late
Eocene boundary, is difficult for the occurrence of a
major hiatus at the base of Priabonian stratotype (Veneto,
Italy). Therefore, the base of the Priabonian is discussed
and remains unsolved until a reference section with a suit-
able GSSP (Global Stratotype Section and Point) will be
found (Verducci and Nocchi 2004). For these purpose,
Rio et al. (2006) have proposed the Alano di Piave section
(Venetian Southern Alps, NE Italy) as a potential GSSP of
the Priabonian Stage although the studies are still under-
going. Up till now, this boundary can be traced either at
the base of Zone Nummulites fabiani s.s. or at the base of
underlying Zone N. variolatus/incrassatus (Papazzoni
and Sirotti 1995). In Serra-Kiel et al. (1998), the bound-
ary between the macroforaminiferal biozones SBZ18 and
SBZ19, defined on the basis of the First Occurrence (FO)
of Nummulites fabiani, is equated with the Bartonian/Pri-
abonian boundary and considered to fall in the middle of
the planktonic Zone P15 of Berggren et al. (1995), near
the top of chron C17n. In terms of calcareous nannofos-
sils, Berggren et al. (1995) traced it in correspondence
with the NP17/NP18 nannofossil zone of Martini (1971),
defined by the FO of Chiasmolithus oamaruensis, within
Zone P15 of Blow (1969).Varol (1998) considered the
Last Occurrence (LO) of C. grandis, just below the first
occurrence of C. oamaruensis, to approximate the bound-
ary between the Bartonian and the Priabonian stages.

SAMPLING AND METHODS

The sediments investigated belong to the uppermost
portion of Igualada Fm (Ferrer, 1971), just below a transi-
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tional unit preceding the gypsum deposits that are linked
to the Cardona salt Formation by Riba (1967, 1975). The
lithostratigraphic studied interval consists of marine deep
outer shelf marls (prodelta marls), which display a con-
spicuous lithologic cyclicity of relatively carbonatic rich
and carbonate poor layers. These marls and the transition-
al unit above up to the evaporitic unit or to the continental
deposits (Artés Fm), were sampled along the Collsuspina,
Tona, Munter, Gurb and Sant Bartomeu del Grau locali-
ties, comprising a total of 6 subsections (Figs. 2, 3 and 4).
These sections represent a transect of 16 km that extents
from the southern margin (Collsuspina) to the northern
margin of the basin (Sant Bartomeu del Grau). At the
Miunter_1 and Sant Bartomeu del Grau subsections the
lowermost continental red sandstones from the Artés Fm
were also sampled.

Paleomagnetic samples were collected in the field as
oriented hand-samples (only occasionally a drill corer
was used) and subsequently prepared in the laboratory for
standard measurements. Sampling spacing is variable
(about every 2-5 m normally) and takes in consideration
previous magnetostratigraphies in the basin (Taberner et
al., 1999). Natural remanent magnetization (NRM) and
remanence through all demagnetization stages were mea-
sured using a 2G-Enterprises high-resolution (45 mm
diameter) pass-through cryogenic magnetometer
equipped with DC-squids and operating in a shielded
room at the Istituto Nazionale di Geofisica e Vulcanologia
in Rome, Italy. Alternating field -(AF) demagnetisation
was performed with three orthogonal coils installed inline
with the cryogenic magnetometer. Orthogonal vector
demagnetisation plots (Zijderveld, 1967) were used to
represent demagnetisation data and a least-squares line-
fitting procedure (Kirschvink, 1980) was used to deter-
mine the magnetisation components. Normally one speci-
men per stratigraphic level (occasionally two) was
routinely subjected to stepwise alternating field (AF)
demagnetisation, up to 100 mT, including 14 steps with
intervals of 5, 10 and 20 mT. A single heating step of
150°C was applied before AF demagnetisation in most
cases. A total of 188 specimens were fully demagnetised
for the present study.

The analysis of calcareous nannofossils was carried
out on a total of 121 samples, prepared as smear slides
using standard procedure (Bown, 1998). The taxa identifi-
cations were performed by a polarized light microscope
Leica DMLP 100 at 1250x magnification. The assem-
blages were qualitatively and semi-quantitatively charac-
terized in terms of preservation and abundance (Tables 1-
5). Calcareous nannofossil total abundance was estimated
as number of specimens for field of view. The abundance
of each species was detected by counting 300 nannofos-
sils. Moreover, at least two additional traverses of each
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slide were scanned in order to recognize the presence of
very rare species. We refer to Perch-Nielsen (1985),
Catanzariti et al. (1997), Bown (1998) and Aubry (1999)
for the description of the nannofossils recorded.

RESULTS
Calcareous nannofossil biostratigraphy

The standard scheme of Martini (1971) has been
adopted for this study. Concerning the Priabonian Zones
NP19 and NP20, we adopted the combined Zone NP19 -
NP20 because the boundary between the aforesaid bio-
zones, marked by the FO of Sphenolithus pseudoradians,
has been shown to be unreliable being this species already
observed in Middle Eocene deposits (Aubry, 1992,
Luciani et al., 2002). The Martini’s biozones have been
correlated to the zonal schemes of Okada and Bukry
(1980) and Catanzariti et al. (1997). Moreover, the cal-
careous nannofossil biozonation has been correlated to
the planktonic foraminiferal zones of Berggren et al.
(1995) and to the benthonic foraminiferal zones of Serra-
Kiel et al. (1998) and integrated to the geochronological
time-scale of Berggren et al. (1995) (Fig. 5).

alluvial red sandstones (Artés Fm

Munter (MT) section

terminal complex
— +gypsum

y.

Nannofossil bio- magnetostratigraphy (uppermost Eocene, SE Pyrenean foreland)

The samples analyzed contain few to common and
moderately preserved calcareous nannofossils (Tables 1-
5). Most significant taxa are illustrated in Fig. 6. The
assemblages are specially characterized by Cyclicar-
golithus floridanus, Coccolithus pelagicus, C. eopelagi-
cus, Lanternithus minutus (Fig. 6A), Cribrocentrum retic-
ulatum (Fig. 6B), Dictyococcites bisectus (Fig. 6C) and
Zigrablithus bijugatus. The taxa C. formosus, Retic-
ulofenestra umbilica (Fig. 6D), Sphenolithus predistentus
and S. spp, Discoaster saipanensis (Fig. 6E), D. barbadi-
ensis, Helicosphaera compacta, H. bramlettei and H.
euphratis, are less frequent. Chiasmolithus genus consists
of rare broken specimens, among them C. oamaruensis
(Fig. 6F) was recognized. Isthmolithus recurvus (Figs. 6G
and K) is rare and discontinuous. It is worth noting the
occurrence of specimens of Cribrocentrum sp. (Fig. 6L),
referable to Cribrocentrum spl of Fornaciari et al. (2006)
(Catanzariti, “pers. comm.”), not distinguished in the dis-
tribution Tables 1-5. Cretaceous and Paleogene reworked
taxa occur as well.

The assemblages including C. oamaruensis and I.
recurvus are of the Priabonian Zones NP18 and NP19-
NP20 of Martini (1971), respectively. Zone NP18 is dubi-
tatively also assigned to the other samples on the basis of

FIGURE 4 | Field photographs of the uppermost marine sediments at three of the studied localities. A) Miinter, B) Gurh, and C) Sant Bartomeu del

Grau.
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the absence of C. grandis, occurring in lower portions of
the Vic succession (Cascella and Dinares-Turell, unpub-
lished data), and the occurrence of Cribricentrum sp.
described from Upper Eocene sediments from the North-
ern Apennines and oceanic areas (Catanzariti et al., 1997,
Fornaciari et al. 2006). Following the integrated chronos-
tratigraphic scheme (Fig. 5), the investigated interval falls
between the middle part of planktic foraminiferal Zone
P15 and the upper part of Zone P16 of Berggren et al.
(1995), and between the larger foraminiferal Zones
SBZ19 and SBZ20 of Serra-Kiel et al. (1998).

Magnetostratigraphy

In general, the intensity of the NRM was moderate
around 4 x 103 A/m for normally magnetized samples
and it was lower for samples with a reverse characteristic
remanent magnetisation (ChRM) due to overlap of a nor-
mal recent overprint. Two magnetisation components can
be recognized in most samples upon demagnetisation, in
addition to a viscous magnetisation removed below 5 mT
or 150°C. Component L is unblocked usually below 20-

Nannofossil bio- magnetostratigraphy (uppermost Eocene, SE Pyrenean foreland)

25 mT and conforms to the present magnetic field (Fig.
7). Component H is unblocked above 25 mT, conforms
the ChRM and has either normal or reverse polarity in
bedding-corrected coordinates (Fig. 7). Most of the stud-
ied samples show high-quality demagnetization data and
magnetic polarity can be established unambiguously. Due
to the gentle dipping of the studied succession a fold-test
cannot be performed. Mean declination and inclination
for the ChRM component after bedding-correction is
consistent with previous data from the basin (Taberner et
al., 1999). Mean normal and reverse directions are prac-
tically antipodal (Fig. 8) and conform a positive class A
reversal test (McFadden and McElhinny, 1990). Statisti-
cal parameters improve slightly upon tilt correction (Fig.
8). The declination and inclination of the ChRM compo-
nents have been used to derive the local magnetostratig-
raphy (Fig. 3). Given the biostratigraphic constraints
(see above) the normal chron below the evaporitic unit
has to be correlated to chron C16n.2n with an age of
35.707 Ma and 36.276 Ma for its top and base respec-
tively as estimated in the most recent timescale (Grad-
stein et al., 2004).
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= . =
- & ] ® N
S 3 = 3 s
> 2 | 25| 28| FT & ug
N. £ = | <2 ‘3 £3
s | Z2 @ = = <z | < 0T T
o € © e /=) < 1G] P>
6 £33 ¢ |8] g % & i
< O |a w < = o o o ”n
34 | P17
NP21 | CP16a| MNP21
— D. saipanensis
C13r
34.5 MNP20 | P16 | SBZ20
C15n I §
35 | =z —y C. reticulatum
C15r z ]
wiZl 2
355 41 % 3 MNP19
c flduw 2 CP15
© = o
) (3]
36" 2n 2 |4 I recurvus
SBZ19
P15
36.5-| C16r NP18 2
=]
(7]
4
37 - n 8 a C. oamaruensis
(= .
&~ w3 'é ¥ C. grandis
(8] o kB SBZ18
o | Z| NP7 cpig
37.5+ r = | o

FIGURE 5 Latest Middle to Late Eocene magneto-hio-cronostratigraphy. The calcareous nannofossil biozonations of Martini (1971), Okada and
Bukry (1980), and Catanzariti et al. (1997), have bheen correlated with the planktonic foraminiferal zones of Berggren et al. (1995) and the bentho-
nic foraminiferal zones of Serra-Kiel et al. (1998). Geochronological time-scale (GPTS) is from Berggren et al. (1995). The shaded box roughly indi-

cates the time interval covered by the studied sections in this study.

Geologica Acta, 7(1-2), 281-296 (2009)
DOI: 10.1344/105.000000282

|287|



A. CASCELLA and J. DINARES-TURELL

L. minutus

L

E

D. saipanensis

1. recurvus

1. recurvus

1. recurvus

Nannofossil bio- magnetostratigraphy (uppermost Eocene, SE Pyrenean foreland)

R. umbilica

1. recurvus

Cribrocentrum sp.

FIGURE6 | Light micrography: XP = cross-polarized light, PL = plain transmitted light. Scale bar = 5 pm. A) Lanternithus minutus STRADNER, 1962;
Gurb Section, sample GUR29; XP. B) Cribrocentrum reticulatum (GaRTNER and SmitH, 1967) Perch-Nielsen, 1971; Gurb Section, sample GUR29; XP. C)
Dictyococcites hisectus (Hay, MoHLER and WaDE, 1966) Bukry and Percival, 1971; Gurb Section, sample GUR33; XP. D) Reticulofenestra umbilica
(Levin, 1965) Martini and Ritzkowski, 1968; Gurb Section, sample GUR33; XP. E) Discoaster saipanensis BRAMLETTE and RieoeL, 1954; Gurb Section,
sample GUR2; PL. F) Chiasmolithus oamaruensis (DerLANDRE, 1954) Hay, Mohler, and Wade, 1966.; Gurb Section, sample GUR35; XP. G,H) /sth-
molithus recurvus DerLanore in Deflandre and Fert, 1954; Gurb Section, sample GUR24; G) PL and H) XP. |, J, K) Isthmolithus recurvus DEFLANDRE in
Deflandre and Fert, 1954; Gurb Section, sample GUR38; I) XP and J,K) PL. L) Cribrocentrun sp.; Gurb Section, sample GUR39; XP.

DISCUSSION

Coccolithophorids distribution is largely controlled
by temperature, water mass conditions and trophic
resources (Aubry, 1992; Persico and Villa, 2004). The
identified assemblages in this study are characterized
by low diversity, common temperate eutrophic species
(such as C. floridanus, C. reticulatum, L. minutus)
(Persico and Villa, 2004), common near shore indica-
tors (L. minutus and Z. bijugatus) (Nocchi et al., 1988)
and scarce warm oligotrophic species (Sphenolithus
and Discoaster) (Aubry, 1992). Thus, the nannoflora
reflect the marginal- sea character of the investigated
sediments and the cooling that occurred during the
Middle and Late Eocene.

The appearance of C. oamaruensis usually precedes
the 1. recurvus FO (Fig. 5). In the studied sediments, this
sequence has been recorded only in the Munter section
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(Table 3), throughout the other sections the two index
species occur simultaneously (Tona and Gurb sections,
Tables 2 and 4) or the sequence is reverse (S. Bartomeu
del Grau section, Table. 5). Most likely this is due to the
rarity and discontinuous presence of C. oamaruensis, in
agreement with the generally scarce presence of Chias-
molithus genus in the Mediterranean Upper Eocene sedi-
ments (Nocchi et al., 1988; Catanzariti et al., 1997,
Luciani et al., 2002).

The FO of Istmolithus recurvus occurs within
Cl16n.2n magnetozone in several oceanic and
Mediterranean sections and is calibrated at 35,9 and
at 36 Ma (Berggren et al., 1995; Marino and Flores,
2002; Jovane et al., 2007). As far as our study, very
rare and poor preserved specimens of /. recurvus first
occur in the uppermost portion of the reversal magne-
tozone correlated to chron C16r. In the Tona, Munter
and Gurb sections the lowest occurrence of this
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species is slightly older than the C16r/C16n.2n rever-
sal boundary, whereas it appears in the lower part of
chron C16n.2n in the Collsuspina section or even
higher in C16n.2n in the Sant Bartomeu del Grau sec-
tion (Fig. 3). So, our current dataset assigns the FO of
I. recurvus close to the C16r/C16n.2n. These data
suggest a heterochrony for this bioevent; but our low-
est occurrence, consisting of very rare specimens,
does not correspond with the more consistent appear-

ance within chron C16n.2n, which likely represents
the first regular and/or common occurrence of the
species in the stratigraphic record. This latest event
could be identified in the Gurb section from the sam-
ple Gur33, within normal chron C16n.2n.

The I. recurvus FO has been correlated with the Pri-
abonian SBZ19 (Zone N. fabianii s.s.) (Luciani et al.,
2002). The occurrence of this species, in the younger
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FIGURE 7| Bedding-corrected orthogonal plots of alternating field demagnetisation data from normal (a, f, g, i, k) and reverse (b, c, d, e, h, j, I)
specimens from different sections. Solid (open) symbols represent projections onto the horizontal (vertical) plane. The fitted ChRM direction, the
natural remanent magnetization (NRM) intensity, the stratigraphic level in meters, and some step treatments are indicated for each example.
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In-situ

Tilt
corrected

Sample N Dec. Inc. k  Oos

Normal 132 4.8 51.8 16.1 32
Reverse 47 181.6 -48.8 10.1 6.9

Sample N Dec. Inc. k  oOos

Normal 132 0.8 469 167 3.1
Reverse 47 1799 -44.3 102 638

FIGURE 8| Equal area projections of the ChRM directions for all the studied sections hefore and after bedding correction. The 95% confidence
ellipse for the normal and reverse mean directions is indicated. Statistical information is given (N, number of samples; Dec., declination; Inc., incli-
nation: k Fisher’s precision parameter; ogs, radius of the 95% confidence cone).

marine sediments of the Vic area, is in disagreement with
the previous published data, which limited the marine
sedimentation to the late Bartonian larger foraminifer
Zone N. variolarius/incrassatus, SBZ18 (Papazzoni and
Sirotti, 1995; Serra-Kiel et al., 2003b).

The thickness of chron C16n.2n along the ~16 km
transect represented by the studied sections confirms
partly the results from Taberner et al. (1999) regarding
the basin asymmetry during the latest stages of marine
deposition. Indeed, the normal chron has the shortest
thickness in the south (45 m in Collsuspina), 65 m in the
Tona and Munter section, 72 m in the Gurb section and
about 270-290 m in the Sant Bartomeu del Grau section
(Fig. 3). Our biostratigraphic data constraint this chron
to be C16n.2n and not C17n as inferred by Taberner et
al. (1999). Moreover, Taberner et al. (1999) also sug-
gested the presence of additional chrons in the upper
part of the marine succession in the Sant Bartomeu del
Grau section where a thin reverse magnetozone was
detected in the quarry section. Our detailed sampling
along the same section certainly detects the presence of
clear reverse samples in this interval (Fig. 3). An unam-
biguous reverse level has also been observed in the Gurb
section (Fig. 3) in the upper part of chron C16n.2n, a
few meters below the gypsum level (Fig. 3). The evapo-
rite unit is not present in the Sant Bartomeu section
where continental fluviatile red sandstones (Artés Fm)
directly overlay the terminal complex above the reef unit
but the thin reverse level could be equivalent. However,
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we do not interpret these directions as primary and
regard them as diagenetic overprints related to the conti-
nentalization. In fact, the lowest continental deposits in
the Minter and Sant Bartomeu del Grau section hold a
reverse magnetisation. Therefore we invoke a delayed
diagenetic magnetisation to explain the thin reverse lev-
els within the upper part of C16n.2n. Equivalent reverse
levels have not been observed in the Miinter section
whereas some anomalous weak discarded directions
have been observed in the Collsuspina_2 section (Fig.
3). The relative short thickness of this contended reverse
magnetozone (a few meters at the most) relative to the
thickness of chron C16n.2n precludes interpreting it as a
real chron. Note, that the duration of chron C16n.2n is
0.569 Ma and the reverse chron immediately above
(Cl16n.1r) is 0.140 Ma, four times shorter than C16n.2n.
Therefore, chron C16n.2n extends at least up to the
evaporites and minimum sediment accumulation rates
can be given for the uppermost marine succession in the
Vic area as follow: 79 m/Ma at Collsuspina section,
65m/Ma at the Tona and Munter sections, 72 m/Ma at
the Gurb section and about 270-290 m/Ma at the Sant
Bartomeu del Grau area. The position of the
Bartonian/Priabonian boundary cannot be placed accu-
rately since our chronology only reaches chron Cl16r.
However, it could be inferred to lie within the interval
extending from the lower part of the Vespella Mb down
to the upper part of the Manlleu Mb considering overall
sedimentation rates and previous magnetostratigrafies
(Fig. 2).
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CONCLUSIONS

The analyses of calcareous nannofossils revealed the
presence of Priabonian marine sediments in the southeast-
ern Pyrenean foreland basin. The studied sediments
belong to the Zones NP18 and NP19-20 (Martini, 1971)
on the basis of the occurrence of C. oamaruensis and I.
recurvus, respectively. We challenge all previous chronos-
tratigraphies for the uppermost marine sediments that
assigned an upper Bartonian age to the uppermost marine
sediments (Serra-Kiel et al, 2003 a and b) and a correla-
tion to C17n.1n (Burbank et al, 1992, Taberner et al.,
1999). Our current dataset assign the FO of I. recurvus
close to the C16r/C16n.2n at a somewhat lower position
than previous studies, and is in agreement with a pro-
posed age of ~35 Ma for the Cardona evaporite unit by
Taberner et al. (1999).

This study suggests a revision of the chronostratigra-
phy of the Vic area. Moreover, the occurrence of calcare-
ous nannofossils from carbonate platform lithofacies,
starting from the base of the succession, certainly will
contribute to improve the direct correlations between larg-
er foraminifer and planktic microfossil zones.
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APPENDIX

Calcareous nannofosil distribution in the studied sections

TABLE 1 | Calcareous nannofossil distribution of the Collsuspina 1-2 sections.
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(a): A (abundant): >30 spec.s for view; C (common): 10 to 30 spec.s for view; F (few): 1 to 10spec.s for view; R (rare):
0.1- 1 spec.s for view; P (presence): < 0.1spec.s for view; B (barren): no specimens. The abundance classes for the single
species and the reworking are as follows: A (abundant): >30%; C (common): 10 to 30%; F (few): 1 to 10%; R (rare): 0.1-
1 %; P (presence): <0.1%.

(b): G (good): little or no evidence of dissolution and/or secondary overgrowth; fully preserved diagnostic characters. M
(moderate): dissolution and/or secondary overgrowth; partially altered primary morphological characteristics; nearly all
specimens can be identified at the species level. P (poor): severe dissolution, fragmentation and/or secondary overgrowth;
largely destroyed primary features; many specimens cannot be identified at the species and/or at generic level.
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TABLE 2 | Calcareous nannofossil distribution of the Tona section.
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TABLE 3 | Calcareous nannofossil distribution of the Munter 1-2 sections.
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Nannofossil bio- magnetostratigraphy (uppermost Eocene, SE Pyrenean foreland)

TABLE 4 | Calcareous nannofossil distribution of the Gurb section.
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(a): A (abundant): >30 spec.s for view; C (common): 10 to 30 spec.s for view; F (few): 1 to 10spec.s for view; R (rare):
0.1- 1 spec.s for view; P (presence): < 0.1spec.s for view; B (barren): no specimens. The abundance classes for the single
species and the reworking are as follows: A (abundant): >30%; C (common): 10 to 30%; F (few): 1 to 10%; R (rare): 0.1-

1 %; P (presence): <0.1%.

(b): G (good): little or no evidence of dissolution and/or secondary overgrowth; fully preserved diagnostic characters. M
(moderate): dissolution and/or secondary overgrowth; partially altered primary morphological characteristics; nearly all
specimens can be identified at the species level. P (poor): severe dissolution, fragmentation and/or secondary overgrowth;
largely destroyed primary features; many specimens cannot be identified at the species and/or at generic level.
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A. CASCELLA and J. DINARES-TURELL Nannofossil bio- magnetostratigraphy (uppermost Eocene, SE Pyrenean foreland)

TABLE 5 | Calcareous nannofossil distribution of the Sant Bartomeu del Grau section.
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(a): A (abundant): >30 spec.s for view; C (common): 10 to 30 spec.s for view; F (few): 1 to 10spec.s for view; R (rare):
0.1- 1 spec.s for view; P (presence): < 0.1spec.s for view; B (barren): no specimens. The abundance classes for the single
species and the reworking are as follows: A (abundant): >30%; C (common): 10 to 30%; F (few): 1 to 10%; R (rare): 0.1-
1 %; P (presence): <0.1%.

(b): G (good): little or no evidence of dissolution and/or secondary overgrowth; fully preserved diagnostic characters. M
(moderate): dissolution and/or secondary overgrowth; partially altered primary morphological characteristics; nearly all
specimens can be identified at the species level. P (poor): severe dissolution, fragmentation and/or secondary overgrowth;
largely destroyed primary features; many specimens cannot be identified at the species and/or at generic level.

Geologica Acta, 7(1-2), 281-296 (2009)
DOI: 10.1344/105.000000282

|296]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


