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Abstract. The early Eocene is characterized by a succession of orbitally-controlled global stable carbon iso-
tope excursions, with some being linked to climatic and related biotic perturbations. The impact of these iso-
topic excursions has been primarily studied in deep-sea sections under comparably stable conditions. In or-
der to investigate the impact of global post-PETM isotopic signals on shallow marine settings, the Ypresian
neritic ʻBlue Marls’ of the Corbières (SW France) were investigated. High-resolution records of microfossil
biota and stable carbon and oxygen isotopes pinpoint biostratigraphic, paleoecologic and geochemic con-
straints. Calcareous nannofossil biostratigraphy positions the sequence in the upper part of zone NP11, pos-
sibly ranging into basal NP12, which is conformable with larger benthic foraminifera data indicating shallow
benthic zone SBZ8. This implies a time span of about 0.4 Myr and high overall sedimentation rates of about
~ 32 cm/kyr for the section. A shallowing upward trend from outer neritic to coastal settings is observed in
the development of the lithostratigraphy and the microfossil assemblage. The assemblages can be  subdivided
in seven larger biofacies and four ostracod assemblage zones. The lower third of the section is characterized
by strongly fluctuating and partly high plankton/benthos-ratios for neritic settings. A final pronounced peak
in plankton occurrence is associated with strong decrease of benthic biota, suggesting anoxic conditions in
the outer neritic environment. Several local negative δ13C- and δ18O-excursions can be identified in the
 section. The upper, most pronounced and consistent negative δ13C excursion is tentatively linked to global
carbon isotope excursion K (ETM3) based on the biostratigraphic constraints.
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1. Introduction

The late Paleocene and early Eocene are characterized
by a steady increase in mean global ocean temperature
as reflected in the δ18O record, leading to the Early
Eocene Climatic Optimum (EECO) during the Ypre-
sian (Zachos et al. 2001, 2005). This interval is also
characterized by a series of pronounced, short-lived
negative δ13C excursions (Cramer et al. 2003). The
 Paleocene-Eocene Thermal Maximum (PETM) is the
most pronounced of these carbon isotope excursions
(e. g. Bowen et al. 2006) and is believed to be triggered
by an abrupt, massive input of isotopically-light car-
bon into the exogenic atmosphere-ocean carbon pool
(Zachos et al. 2005, Dickens 2009, Dunkley Jones et
al. 2010).

The marine impact of a global climatic event close
to the Paleocene/Eocene-boundary was documented
during the late 1980s and early 1990s (e. g. Thomas
1989, Thomas et al. 1990, Kennett and Stott 1991),
and became known as the Benthic Extinction Event
(e. g., Schmitz et al. 1996) or Benthic Foraminiferal
Extinction Event (e. g. Pardo et al. 1999). Since then
the effects of the PETM on foraminiferal faunas have
been widely discussed affecting both benthic and
planktic taxa (e. g. Canudo and Molina 1992, Speijer
et al. 1995, 1996, Schmitz et al. 1996, Thomas 2003,
Ernst et al. 2006, Petrizzo 2007, Alegret et al. 2010),
with widespread extinctions in the benthic record and
assemblage shifts among the planktic foraminifera.
The influence of the PETM on middle to outer neritic

benthic foraminifera (Speijer et al. 1995, 1996, Dupuis
et al. 2003, Ernst et al. 2005, Alegret and Ortiz 2006,
Stassen et al. 2012) and ostracoda (Speijer and Morsi
2002, Morsi et al. 2011) has mainly been documented
for the Tethyan region, with few exceptions (Stassen et
al. 2012).

Marine data on post-PETM hyperthermals however
are much less common and generally limited to geo-
chemistry (e. g. Cramer et al. 2003, Lourens et al.
2005, Stap et al. 2009, Galeotti et al. 2010), with few
exceptions reporting biotic responses (Egger et al.
2005, Agnini et al. 2009, Dedert et al. 2012, Stassen et
al. 2012).

So far, most marine studies on Eocene hyperthermal
events focus on pelagic/hemipelagic sediments (e. g.
Nicolo et al. 2007, Agnini et al. 2009, Stap et al. 2009,
Galeotti 2010), avoiding terrestrial or regional influ-
ence that alters the geochemical signal and faunal
record.

This study aims at generating a high-resolution ben-
thic microfossil and stable isotope record in the Early
Ypresian neritic shelf environments of the Corbières
(ʻBlue Marls’ Formation, Aude, SW France) in order
to track paleoecologic changes within a shallowing-
up sequence, to specify the regional biostratigraphic
context and to record the occurrences and ranges of in-
sufficiently documented, characteristic early Eocene
ostracod taxa. The interpretation of the biostratigra -
phic data and the stable isotope signature of the
Pradelles-en-Val section, the target studied herein, and
its correlation to the deep-sea standard isotope records
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Fig. 1. Outcrop location in southwestern France (modified from openstreetmap.org).



may allow accurate positioning of this section in the
Geologic Time Scale 2012 and unravel of environ-
mental change in a neritic setting during early Eocene
global warming.

2. Regional geologic and
stratigraphic overview

2.1 The Ilerdian as regional subdivision

The Ilerdian and Cuisian have restricted significance,
being essentially based on the evolutionary stages of
shallow larger benthic foraminiferal taxa (LBF) and
conceptually compromised by an imprecisely defined
lower boundary of the Cuisian. The Ilerdian, as used
here, encompasses the shallow benthic foraminiferal
zones SBZ5-9 of Serra-Kiel et al. (1998). In the latter
context the Ilerdian and Cuisian are present in the Ge-
ological Time Scale 2012 (Vandenberghe et al. 2012).
The subdivision of the Ilerdian in lower, middle and
upper parts corresponds to the succession of shallow
benthic foraminiferal assemblage intervals, SBZ5-6,
SBZ7-8 and SBZ9, respectively (Molina et al. 1992,

Serra-Kiel et al. 1998, Molina et al. 2003). The onset
of the Ilerdian has been proposed to be simultaneous
with the onset of the Paleocene-Eocene Thermal Max-
imum (PETM) and, consequently, with the base of the
Eocene (Scheibner et al. 2005, Pujalte et al. 2009,
Scheibner and Speijer 2009; Fig. 8).

However, since most papers on Tethyan early
Eocene neritic facies use the ʻregionalʼ Ilerdian and
Cuisian instead of the standard and more comprehen-
sive Ypresian stage (e. g. Martín-Martín et al. 2001,
Molina et al. 2003, Rasser et al. 2005, Scheibner et al.
2007), the terminology is included in the stratigraphic
discussion of this paper.

2.2 Geologic setting and
paleogeographic development

South-south-west of the village of Pradelles-en-Val an
extended section of the early Eocene ʻBlue Marls’
crops out on the northern slope of the ̓ Cabano Naoutoʻ
sandstone ridge (Fig. 1).

The Corbières-Minervois foreland basin (Fig. 2) is
pinched between the Massif de Mouthoumet (south,
active margin) and the Montagne Noire (north, passive
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Fig. 2. Paleogeographic situation of western Europe during the Ypresian and local basin evolution (assembled from Plazi-
at 1981, Meulenkamp et al. 2000, Gély and Sztrákos 2000, Martín-Martín et al. 2001 and field data).



margin; Martìn-Martìn et al. 2001). Marine sedimen-
tation within the Corbières-Minervois-Basin started in
the Early Thanetian, when the North-Pyrenean trough
progressed eastward, overstepping the Lannemezan
High (Gély and Sztrákos 2000), resulting in the devel-
opment of several transgression-regression cycles dur-
ing the Late Thanetian and the Ypresian (Plaziat 1981,
Tambareau et al. 1995, Scheibner et al. 2007). During
the middle Ilerdian, the North-Pyrenean Foreland
Basin experienced accelerated subsidence (Gély and
Sztrákos 2000), leading to deeper depocenters and
succeeding a rather shallow sedimentation of wide-
spread platform limestones (Tambareau 1994, Rasser
et al. 2005, Scheibner et al. 2007).

At the base of the middle Ilerdian several hundred
meters of marine sediments accumulated throughout
the Minervois, Montlaur and Talairan synclines (sec-
ond and third sequence of Martín-Martín et al. 2001;
Fig. 8). A comparable thickness was deposited in sim-
ilar sections to the southwest in the Tremp Basin
(Molina et al. 2003). In the late Ilerdian accommoda-
tion space decreased and terrigenous sediments pro-
graded mainly from the passive southern margin
(Plaziat 1981, Martín-Martín et al. 2001, Fig. 2), with
superposition of post-Ilerdian continental deposits.

2.3 Previous biostratigraphic
investigations on the “Blue Marl”
Formation of the Corbières

The first comprehensive biostratigraphic analysis of
the Corbières region was published in Lezaud et al.
(1969). The ʻNummulitiqueʼ or Blue Marls of the
 Corbières were attributed to the Ypresian on the basis
of calcareous nannofossil and planktic foraminiferal
data. This study gave the impetus for a more system-
atic investigation of these ʻBlue Marls’, which lasted
up to the late 1980s. Consequently, they figure in many
compilation works on Mediterranean biostratigraphy
(Massieux 1973, Kapellos and Schaub 1973, Schaub
1981, Breton and Vizcaïno 1997, amongst others) and
paleogeography (Plaziat, many publications synthe-
sized in 1981). The only recent regional biostrati-
graphic data available, based on a series of 12 samples
from different localities, allow the lower to middle
ʼBlue Marls’ to be attributed to NP10 at the base and
to NP10-11 interval at the top, and the upper ʻBlue
Marls’ to NP11-12 (Martín-Martín et al. 2001). The in-
vestigation of the large benthic foraminifera (LBF) in
several other adjacent outcrops allowed to identify
Zone SBZ8 in the middle ʼBlue Marls’ and the ʻupper
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Fig. 3. Lithostratigraphy, biostratigraphic zones (LBF =
larger benthic foraminifera, PF = planktic foraminifera,
NP = calcareous nannoplankton) and ranges of biostrati-
graphically important taxa of the Pradelles section (occur-
rences of LBF partly from Massieux 1973) in comparison
(thickness not equivalent) with the regional stratigraphic
synthesis in Martín-Martín et al. (2001).



sandstoneʼ, and Zone SBZ9 in the upper ʻBlue Marls’.
These low-resolution data are largely consistent with
the data presented here.

3. Material and methods

About 150 m of marine Ilerdian sediments are acces-
sible in the vicinity of the village of Pradelles-en-Val
(Fig. 3). From 0 to 116.3 m, the succession is made up
of uniform dark grey marls with rare, 5 to 30 cm thick,
intercalated sandstone beds. Above 116.3 m, the marls
become increasingly sandy, and the sandstone beds
more abundant and thicker with higher carbonate con-
tent, before culminating in two massive sandstone
banks of about 6 to 7 m thickness (Fig. 3). The sand-
stone beds in the lower part of the section contain
abundant plant debris and exhibit load casts and cur-
rent marks. The latter indicates a general SSE to
NNW directed paleocurrent. The marls show no struc-
ture, except some bioturbation and small pyritic nod-
ules.

127 samples (PEV1-13, CN0-115) were taken
from a fresh surface at 1 m stratigraphic resolution.
The general SSW 15° dip of the layers is corrected
for the thickness estimate. Due to the topography of
the outcrop, the sampling had to be carried out along
a series of closely spaced consecutive subsections
(for section breaks and related GPS coordinates see
Table 1).

Marl chunks were dried at 50°C in order to obtain
dry weights of 600 to 800 gr per sample level. Multi-
ple soaking of the material in soda leach (75 g
Na2CO3/1000 ml H2O) achieved the breakdown of the
tough marls. For the final cleaning the residues were
mixed with pure Rewoquat W3690PG and water for
24 hours. The residue was then washed through a
63 μm-mesh sieve and finally dry-sieved (630/250/
180/125/63 μm) and picked. 630 μm- and 250 μm-
fractions were screened entirely to obtain a complete
overview of the biota larger than 250 μm. Ostracods
were picked entirely from this fraction. In general, the
preservation ranges from poor to moderate showing
re-crystallization and abrasion. The calcareous nanno-
fossils present a similar type of preservation, marked
by selective dissolution and re-crystallization.

Bulk samples for isotopic analyses were dried at
50°C. Carbonate powders were reacted with 100%
phosphoric acid (density � 1.9; Wachter and Hayes
1985) at 75°C using a Kiel III online carbonate prepa-
ration line connected to a ThermoFinnigan 252 mass

spectrometer in the isotope laboratory at GeoZentrum
Nordbayern. All values are reported in per mil relative
to the V-PDB standard by assigning a δ13C value of
+1.95‰ and a δ18O value of –2.20‰ to the NBS19
reference material. Reproducibility was checked by
replicate analysis of laboratory standards and is small-
er than � 0.08‰ (95% uncertainty range).

Plankton/miliolid/endobenthic/epibenthic-ratios were
calculated from the 125 μm-fraction by counting 300
specimens per sample. The taxa selected as ʻendoben-
thicʼ include Pseudouvigerina, buliminids, bolivinids,
Reophax, Lagenammina, Ammobaculites and no-
dosariids against a background of mostly epibenthic
rotaliids as Cibicides, Karreria, Pulsiphonina and Gy-
roidinoides.

Qualitative and quantitative calcareous nannofossil
investigations have been carried out on smear-slides
from 25 samples almost equally spaced along the sec-
tion, following standard procedures as described in
Steurbaut and King (1994). About two square cen-
timeters of glass-slide have been examined for each
sample at 1000� or 1250� magnification. The taxon-
omy adopted here is essentially from Perch-Nielsen
(1985), the biozonation relates to Steurbaut (1991,
1998), which is a refinement of Martini’s (1971) stan-
dard nannofossil zonation.

Calcareous nannofossil material is stored in the col-
lections of the Royal Belgian Institute of Natural Sci-
ences (RBINS, Brussels, Belgium), sample residues 
at the Department of Earth & Environmental Sciences
of KU Leuven (Belgium), and picked microfossils at
the Unit Earth Sciences of the University of Fribourg
(Switzerland).
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Table 1 GPS coordinates of samples and position of log re-
location.

GPS (sample) N E Height

PEV13 43° 08.322� 02° 30.818� 227 m
CN0 43° 08.288� 02° 30.841� 230 m
CN36 43° 08.234� 02° 30.843� 248 m
CN58 43° 08.206� 02° 30.826� 270 m
CN102 43° 08.179� 02° 30.788� 305 m
CN103 43° 08.138� 02° 30.850� 322 m
CN112 43° 08.029� 02° 30.841� 295 m

between PEV13 and CN0 log relocation 70 m SSE
between CN102 and CN103 log relocation 120 m SE
between CN111and CN112 log relocation 120 m S



4. Results

4.1 Biostratigraphy (Fig. 3)

The co-occurrence of Tribrachiatus orthostylus (up to
128.3 m), Ellipsolithus macellus (consistently up to
68.3 m and recurrence at 89.3 m and 128.3 m) and
Neochiastozygus rosenkrantzii (up to 128.3 m), in
combination with the absence of Discoaster lodoen-
sis, indicates calcareous nannoplankton zone NP11
throughout the 130 m thick well exposed part of the
section. The 7 m thick marl unit intercalated between
the two massive uppermost sandstone layers cannot be
accurately dated because of the absence of the marker
species E. macellus, N. rosenkrantzii and D. lodoensis.

However, it is probably still part of upper NP11 as not
a single additional marker of NP12, known from mid-
latitudes, such as Aubrysphaera deconinckii, Micran-
tholithus mirabilis, Helicosphaera taxa etc., has been
recorded. However an assignment to basal NP12 can-
not be excluded. Blackites truncatus, which is also
 recognized throughout most of the section (except for
the lowermost sample PEV1 and the uppermost 30 m),
 allows a more precise biostratigraphic positioning. A
comparative study of the nannofossil data from Bel-
gium (Steurbaut 1998), Denmark (Schmitz et al. 1996)
and Kazakhstan (Steurbaut 2011) shows that the LO
(lowest occurrence) of B. truncatus can be pinpointed
in the upper part of NP11, at the base of nannofossil
zone III of Steurbaut (1991, 1998). The lowermost
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Fig. 4. Relative abundance range chart and range chart of characteristic biota � 250 μm (BF = biofacies), foraminiferal ra-
tios (125 μm-fraction) and stable isotope bulk sediment values (black line, three point moving average = gray line, dashed
line = polynomial 2-order trendline). The alternance of gray/white areas indicates the extent of the individual biofacies, C1-3
and O1-3 mark consistent stable isotope minima.



sample PEV1 might represent the top of the underly-
ing nannofossil zone II. Summarizing, the Pradelles-
en-Val section covers the upper part of NP11, with an
uncertainty for the uppermost marl, which might be-
long to the base of NP12. Consequently, the Pradelles-
en-Val section is of lower to middle Ypresian age.

The planktic foraminifera of the Pradelles-en-
Val section consist of generally long-ranging species
such as Acarinina pseudotopilensis, A. wilcoxensis,
Pseudohastigerina wilcoxensis and Morozovella sub-
botinae. Poor preservation and small size render fur-
ther determination of acarininid taxa difficult. Based
on the simultaneous occurrence of Pseudohastigerina
wilcoxensis and Morozovella subbotinae as well as the
absence of M. aragonensis the sediments of the lower
part of the Pradelles-en-Val section (HO M. subbotinae
at 41.3 m) fall within the biostratigraphic range base
E2 – top E4 (early to middle Ypresian; Berggren and
Pearson 2006, Wade et al. 2011). The additional taxa
Acarinina esnaensis, A. coalingensis and A. solda-
doensis as recorded in Massieux (1973) indicate com-
parable ranges (P4–E5/7). The presence of the short
ranging A. aspensis (base E7) and the Paleocene A. ni-
tida as reported in Massieux (1973) is not confirmed
in our material.

The LBF (large benthic foraminifera) assemblages
from the upper part of the Pradelles-en-Val section
 include Nummulites globulus and Assilina leymeriei
(conform to the occurrences in Massieux 1973), the
marker species of shallow benthic zone SBZ8 (ʻmid-
dle Ilerdian 2ʼ; Serra-Kiel et al. 1998).

The planktic gastropod (“pteropod”) taxon Limaci-
na taylori is documented from the interval between
22.3 to 42.3 m, representing the first record outside the
North Sea Basin. This species characterizes the ptero-
pod-zone 7 in Janssen and King (1988) that is corre-
lated with nannofossil zone NP11, though it also rarely
occurs in the subsequent pteropod-zones 8 and 9. As-
suming the occurrence of Limacina taylori represents
the acme distinguishing pteropod-zone 7, the lower
part of the Pradelles-en-Val section is accordingly at-
tributed to this zone.

4.2 Stable isotopes record

Bulk sediment isotopic values for δ13C and δ18O show
alternation between –1.98 to –0.45‰ for δ13C and –
7.22 to –5.15‰ for δ18O (V-PDB) in the Pradelles-en-
Val section (Fig. 4 and 5). There is a gradual 0.7‰
negative long-term shift in bulk δ13C values towards
the upper part of the section. The long-term bulk δ18O

isotope curve shows a positive trend of about 0.3‰ on
average in its lower end and a negative trend of about
1‰ in its upper end, changing between 40 and 60 m
(see trend lines in Fig. 4, 6).

The stable carbon isotope record shows less short-
term variability than the oxygen isotope record. In the
oxygen isotope record, most fluctuations on short time
scales occur in the lower (0 to 44.3 m) and in the up-
per third (93.3 to 129.3 m) of the section. This high-
frequency variability occurs with periods mostly 2 to
4 m, causing most cycles being represented by two to
four data points due to sample resolution. No clear ro-
bust regular short-term cyclicity is therefore observed.
In line with that, the small-scale variability does not
show consistent cyclicity between the oxygen and the
carbon records. This suggest that either the sampling
resolution of 1 m has not been high enough to depict
this variability sufficiently or no clear high-frequency
variability occurred in the isotope records of the sec-
tion. Additionally it probably indicates that a diage-
netic overprint did not take place, as is also shown by
the random distribution of isotopic values in the cross
plot (Fig. 5).

Several relatively negative oxygen isotope excur-
sions stand out from the short-term variability. The
strongly negative value at 5 m is represented only by
one sample, and thus ignored as aberrant outlier. The
first excursion is the least prominent, ranges from
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Fig. 5. Bulk sediment stable carbon and oxygen isotope
cross plot.



14.3 to 23.3 m, and is characterized by an excursion
of ~ 0.6‰, while the second ranges from 92.3 to
99 m with an excursion of ~ 0.9‰. The more pro-
nounced negative excursion between 123.3 m and
140.5 m is labeled O1 and shows a decrease of about
1.3‰.

The first carbon isotope excursion occurs from 13.3
to 23.3 m with a decrease of ~ 0.7‰, the second from
75.3 to 96.3 m with an excursion of ~ 0.9‰, and the
most pronounced labeled C1 starts at 126.3 m and
shows a decrease of 1.2‰ (Fig. 4, 6). Only the labeled
excursions C1 and O1 occur coincidently and seem
thus to stand out from background variability.

Longer-term variations are visible in the carbon
isotope record in depicting minimal values at meter
~ 20, meter 45–60, meter ~ 85, meter 108–120, and
meter 140. In the oxygen isotope series, lows at ~ 18,
~ 95, and ~ 117 meter alternate with highs at ~ 12 m,
~ 25 m, 30–52 m, ~ 85 m, ~ 102 m and ~ 122 m. These
patterns in oxygen and carbon isotope series do not
match each other (except for the uppermost part of
the section), similar to the lack of match of the short-
term variability. Time-series analysis on these series
does not help detecting the high-frequency cyclicity
since this is not depicted properly in the record, as
discussed above, nor the low-frequency cyclicity be-
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cause only few not very consistent nor regular cycles
occur.

4.3 Biota and biofacies (Fig. 4, 6–7)

4.3.1 Biofacies
The bioclast fraction above 250 μm is essentially com-
posed of pteropods, other gastropoda, echinodermata,
bryozoa, ostracoda, larger benthic foraminifera (LBF)
and several large-sized benthic foraminiferal groups
(e. g. miliolids, agglutinated taxa, Lenticulina). Analy-
sis of the distribution patterns of these different bio-
clast groups has led to the identification of seven dif-
ferent biofacies (BF).

BF1 is characterized by relatively high P/B ratios
and abundant occurrences of pteropods, echinoderm
fragments, rotaliid foraminifera, large agglutinated
foraminifera and miliolids. Levels of reduced benthos
are intercalated. In BF2 benthos is greatly reduced
(substantial decrease in large miliolid and agglutinat-
ed foraminifera), hinting towards dysoxic to anoxic
conditions, especially in levels 44.3 to 46.3 m, which
are dominated by pteropods. BF3 is dominated by
 rotaliid foraminifera and bryozoa, with Lenticulina
spp., large miliolids and agglutinated foraminifera be-
ing abundant. In BF4 turritellid gastropods are domi-
nant, while other benthos and pteropods, except large
miliolids, are greatly reduced. BF5 is largely compa-
rable to BF3, except for the larger benthic foramini -
fera, which are for the first time consistently repre-
sented, and the pteropods and Lenticulina spp., which
disappear in the lower half of BF5. LBF become the
dominant faunal component in BF6, while the distri-
bution of the other biota is comparable to that in 
BF5. Finally, in BF7, benthic life is greatly reduced,
except for some rotaliid, agglutinated and miliolid
foramini fera. Turritellid gastropods, bryozoa and
LBF, which are dominant in BF6 are entirely absent
in BF7.

4.3.2 Characteristics of bioclasts, foraminifera
and ratios

Pteropods (planktic gastropods) occur exclusively as
pyritised moulds. Bryozoan fragments indicate the
presence of a large variety of morphogroups from flat
discoidal (Lunulites) to thinly branched forms. Rela-
tively large rotaliid foraminifera are represented most-
ly by the genera Gyroidinoides, Karreria and Cibi-
cides. Large agglutinated foraminifera comprise main-
ly the genera Sabellovoluta, Martinottiella, Textularia
and Spiroplectinella. Large, poorly preserved Cyclofo-

rina are continuously present in the section. Most gas-
tropods belong to the family Turritellidae.

Foraminifera in the 125 μm size fraction consist
mainly of small bolivinids, Pulsiphonina wilcoxensis,
Pseudouvigerina wilcoxensis and small agglutinated
foraminifera of the genera Ammobaculites, Lagenam-
mina and Reophax. Endobenthic taxa show strongly
variable values, but are rather abundant in BF1-2.
High endobenthic ratios plot generally antagonistic
trends to high plankton ratios. In BF3 endobenthic val-
ues generally stay below 30%. The increased occur-
rence of small agglutinated foraminifera in BF5 and
BF6 is expressed in raised endobenthic ratios. The
lower half of the section (BF1 to BF3) is marked by
small miliolid ratios of less than 20%, with average
values around 10%. In the uppermost part of BF5, the
values abruptly increase to 28% and remain high
throughout BF6. The ratio drops to 0% in BF7.

BF1 shows a variable, generally medium-high
plankton/benthos-ratio that decreases towards its top.
A pronounced plankton peak occurs in the upper BF2
where larger benthos is nearly absent, with values
reaching 63%. It is essentially made up by small sub-
botinids and globoturborotaliids. Plankton peaks in 
the lower part of the section contain mainly several
species of Acarinina (e. g., Acarinina wilcoxensis) and
Pseudohastigerina wilcoxensis. In the upper two thirds
of the section (lower BF3-7) the P/B-ratio drops to 
1–2%. A single exception is the 8–19% peak in levels
90.3 to 92.3 m, characterized by the dominance of
large Subbotina roesnaesensis.

4.3.3 Ostracoda
A total of 26 ostracod taxa are recorded. The ranges of
the most common species are recorded on Fig. 6. The
cumulative abundance of ostracods shows extended
acmes in the upper part of BF1, the base of BF5 and  in
BF6. Ostracod abundance is generally low during in-
tervals with high ratios of planktic foraminifera.

Four ostracod assemblage zones are identified on the
basis of the ranges and frequencies of characteristic
species. The top of the lowermost Zone OAZ-A, de-
fined by the highest occurrence of Echinocythereis is-
abenana, is located on level 44 m. OAZ-B is charac-
terized by the common occurrences of Paracypris con-
tracta and Grinioneis paijenborchianus and ranges
from 44 to 118.3 m. OAZ-C is marked by the acme of
Krithe aff. londinensis and common occurrences of
Echinocythereis aragonensis and Grinioneis paijen-
borchianus. OAZ-C records the highest diversity of the
section (15 taxa). Dameriacella sigillata is restricted to
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the upper part of this zone. The uppermost OAZ-D is
distinguished on the basis of a strong assemblage shift.
Several characteristic taxa of preceding OAZ disap-
pear, and previously not recorded species (e. g. Horri-
ficiella aff. lichenophora) occur for the first time.

The most common species, Horrificiella aculeata
and Bairdia crebra, range throughout the section, ex-
cept for the topmost 1.5 m thick OAZ-D zone. Further
long-ranging taxa include Paracypris contracta, Lox-
ococoncha ex gr. subovata, Cytherella gamardensis,
Pterygocythereis cornuta and Eucytherura hyonensis.
Krithe angusta has its topmost occurrence at 49.3 m,
in the lower part of OAZ-B.

4.3.4 Calcareous nannofossils
The Pradelles-en-Val section is marked by poorly pre-
served, low-diversity calcareous nannofossil associa-
tions (maximum of 18 species), dominated by small
Prinsiaceae (essentially Toweius) and Coccolithus
pelagicus. The number of specimens fluctuates
throughout the section, although remains always low
(less than 15 specimens/field of view), pointing to a pa-
leoenvironment, which was not very suitable for
nannoplankton productivity and/or selective dissolu-
tion of coccoliths on the seafloor. The high sedimenta-
tion rates may also have played a role in the develop-
ment of these low concentrations. The Pradelles-en-Val
sequence shows a generally decreasing diversity and
strongly increasing ratio of reworked Cretaceous taxa
(10 to 100%). However, some subtle differences are
recorded allowing a subdivision in four assemblage
groups. Assemblage group A (base section to CN61 at

~ 80 m) includes the quantitatively and qualitatively
richest associations of the section, although remaining
low (between 15 and 10 specimens/field of view), and
with rather low Cretaceous reworking (� 10% of the
specimens). Group B (up to CN93 at ~ 111 m) shows
reduction to 50% of the number of specimens/field of
view (~ 5 spec.) and a major increase in reworked Cre-
taceous forms (over 50%). The associations in group C
(CN106-113 or from 125 to ~ 137 m) present a higher
species diversity than these in group B, notwithstand-
ing the same number of specimens per field of view,
and are characterized by a substantial increase in
Toweius spp. and a decrease in reworked Cretaceous
forms (to ~ 30%). Calcareous nannofossils are ex-
tremely rare (1 to 2 specimens/field of view) in the top-
most interval (CN114-115 at 140-141 m), and essen-
tially represented by Cretaceous taxa (over 85% up to
99% in the topmost sample). Toweius taxa are the only
autochthonous component in this group D.

5. Discussion

5.1 Lithostratigraphy

The biostratigraphic and log data of the Pradelles-en-
Val section presented here allow a close correlation
with the regional lithologic units described in Martín-
Martín et al. (2001). Levels 0 to 129.7 m (BF1-5) rep-
resent the middle ʻBlue Marls’. The interval from 116
to 129.7 m forms a transitional zone consisting of so-
lidified marls with increasing sand content, followed
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Fig. 7. Characteristic fossil taxa of the Pradelles-en-Val section. 1. Lagenammina sp. (90.3 m); 2. Ammobaculites midway-
ensis Plummer, 1933 (108.3 m); 3. Reophax cf. scorpiurus de Montfort, 1808 (7.0 m); 4. Siphotextularia concava (Karrer,
1868) (6.0 m); 5. Karreriella cf. cubensis Cushman & Bermudez, 1937 (5.0 m); 6. Textularia cf. pseudogramen Chapman &
Parr, 1937 (5.0 m); 7. Textularia plummerae Lalicker, 1935 (87.3 m); 8. Spiroplectinella plummerae (Cushman, 1948)
(38.3 m); 9. Martinottiella communis (d’Orbigny, 1846) (38.3 m); 10. Sabellovoluta sp. (35.3 m); 11. Cycloforina cf. lippa
(Le Calvez, 1946) (52.3 m); 12. Dentalina sp. (6.0 m); 13. Lenticulina sp. (104.3 m); 14. Loxostomoides applini (Plummer,
1927) (108.3 m); 15. Globobulimina ovata (d’Orbigny) cowlitzensis (Beck, 1943) (59.3 m); 16. Pseudouvigerina wilcoxen-
sis Cushman & Ponton, 1932 (24.3 m); 17. Gyroidinoides girardanus (Reuss, 1851) (38.3 m); 18. Cibicidoides cf. praecur-
sorius (Schwager, 1883) (59.3 m); 19. Karreria fallax Rzehak, 1891 (38.3 m); 20. LBF, predominantly Assilina leymerii
 (Archiac & Haime 1853) (119.3 m); 21. Pulsiphonina wilcoxensis (Cushman, 1927) (45.3 m); 22. Subbotina roesnaesensis
(90.3 m); 23. Acarinina pentacamerata (Subbotina, 1947) -interposita (Subbotina, 1953) (25.3 m); 24. Acarinina wilcoxen-
sis (Cushman & Ponton, 1932) (47.3 m); 25. Morozovella subbotinae (Morozova, 1939) (24.3 m); 26. Pseudohastigerina wil-
coxensis (Cushman & Ponton, 1932) (108.3 m); 27. Bairdia crebra Deltel, 1962 (87.3 m); 28. Grinioneis paijenborchianus
(Keij, 1957) (90.3 m); 29. Krithe aff. londinensis (126.3 m); 30. Krithe angusta Deltel, 1962 (42.3 m); 31. Horrificiella acu-
leata (Bosquet, 1852) (85.3 m); 32. Horrificiella aff. lichenophora (Bosquet, 1852) (140.3 m); 33. Pterygocythereis cornuta
(Roemer, 1838) (35.3 m); 34. Echinocythereis isabenana Oertli, 1960 (38.3 m); 35. Echinocythereis aragonensis Oertli, 1960
(123.3 m); 36. Loxoconcha cf. subovata (v. Muenster, 1830) (46.3 m); 37. Eucytherura hyonensis Keij, 1957 (108.3 m);
38. Dameriacella sigillata Liebau, 1991 (128.3 m); 39. Paracypris contracta (Jones, 1852) (47.3 m); 40. dinocyst (24.3 m);
41. pteropod (38.3 m); 42. Turritellidae indet. (90.3 m); 43. Lunulites cf. bugei (102.3 m); 44. Bryozoa indet. (38.3 m).



by the massive calcareous sandstone layer known as
the ʼupper sandstoneʻ (containing Nummulites globu-
lus; Massieux 1973). Based on the abrupt disappear-
ance of Assilina leymeriei in sample CN107 (middle of
BF6; Fig. 3) the base of SBZ9 can be lowered slightly
in comparison to Martín-Martín et al. (2001). The top
of the section is characterized by the succession of the
upper ʼBlue Marls’ and the subsequent calcareous
ʻoyster sandstoneʼ. Both sandstone units are supposed
to be deposited within a short time span.

5.2 Paleoecology (Fig. 11, Table 2)

Biofacies (BF) 1 represents a fully marine outer ner-
itic environment as indicated by the common occur-
rence of abundant planktic foraminifera, pteropods,
ostracoda (e. g. Bairdia crebra, Echinocythereis is-
abenana, Krithe angusta) and benthic foraminifera
taxa (e. g. Gyroidinoides girardanus, Pulsiphonina
wilcoxensis, Pseudouvigerina wilcoxensis).The near-
ly continuous presence of bioturbation, benthic/en-
dobenthic foraminifera, echinoderms and small crabs
indicates generally well-oxygenated bottom condi-
tions throughout this part of the section. The de-
creasing abundance of most benthos in BF2 and its
near absence in levels 44.3 to 46.3 m, in combination
with the pronounced peak of plankton abundance,
points towards oxygen depletion (e. g. Bernhard
1986, Tyson and Pearson 1991, Moodley and Hess
1992, Levin 2003). The decrease of pteropod and

planktic foraminifera, as well as the nearly simulta-
neous disappearance of the ostracod Krithe angusta
at the base of BF3, indicates a shift to middle nerit-
ic conditions.

BF4 is dominated by turritellid gastropod frag-
ments, suggesting the proximity of shallower, high
 nutrient soft-bottoms, possibly delta-front settings
(Dominici and Kowalke 2007, Waite and Strasser
2010), which is corroborated by the strong increase of
reworked Cretaceous nannofossils. The total disap-
pearance of planktic foraminifera and pteropods, the
continued high levels of reworked Cretaceous nanno-
fossils and the start of the consistent occurrence of
 assilinids and nummulitids in BF5 point to a futher
shallowing of the depocenter. In BF6 rather small 
(2–7 mm diameter) LBF (mainly Assilina and Num-
mulites) dominate, with fragments of bryozoans,
echinoderms and abundant small miliolids co-occur-
ring. Geel (2000) attributes comparable assemblages
from southeastern Spain to the (inner) shallow shelf
under normal marine conditions. The shift from high
miliolid/LBF-ratios in BF6 to a miliolid/LBF-free and
middle neritic ostracod assemblage in BF7 indicates
the recurrence of a more open marine setting despite
the near absence of autochthonous plankton, relating
to the transgression of the 4th sequence in Martìn-
Martìn et al. (2001). A transition to a nearshore, prob-
ably brackish environment is indicated by the presence
of coastal faunal elements in the subsequent “oyster
sandstones”.
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Table 2 Biofacies classification and main characteristics.

Biofacies Basic characteristics

1. fully marine, outer neritic; abundant benthic and planktic foraminifera, ostracoda, pteropods, brachiopoda,
echinodermata, bioturbation

2. marine, dysoxic to anoxic; strongly reduced benthos, dominance of plankton

3. fully marine, middle neritic; decrease of plankton

4. marginal marine, possibly delta front; dominance of turritellid gastropods, increase of reworked Cretaceous
nannoplankton

5. fully marine, inner neritic; near absence of plankton, Bryozoa, continuous occurrence of larger benthic
foraminifera

6. fully marine, inner neritic to lagoonal; dominance of larger benthic foraminifera, abundance of small 
miliolid foraminifera

7. fully marine, middle neritic; absence of larger benthic foraminifera, recurrence of a more open marine 
ostracod assemblage



5.3 The temporal framework (Fig. 8)

5.3.1 Interpretation and discrepancies
Since the last decade much improvement has been
achieved in calibrating different geochronologies.
However there is still an ongoing discussion concern-
ing the correlation of the radio-isotopic with the astro-
nomic age model (e. g. the so-called 50 and 60 Ma dis-
crepancies as discussed in Vandenberghe et al. 2012).
Furthermore, Westerhold et al. (2012) recently pro-
posed 3 options for the onset of the PETM based on
 astronomical calibration, with a best fit of “option 1”
(PETM at 55.530 � 0.05 Myr) for very-long eccentric-
ity cycle minima. This implies a shift of the absolute
age calibration of one 405 kyr cycle relative to the
combined age model presented in Vandenberghe et al.
(2012) (which correlates accordingly to “option 2” in
Westerhold et al. 2012). However, since the absolute
duration of and the distance between early Eocene
CIEs remains consistent in all three options of Wester-
hold et al. (2012), there are no immediate implications
for our study, as the timespan recorded in the Pradelles-

en-Val section lies within this interval. Hence in the
present paper we adopt the combined age model for the
Paleogene as proposed in Vandenberghe et al. (2012)
for the calibration of biostratigraphic tie-points.

The position of the calcareous nannofossil zones is
adopted from Luterbacher et al. (2004), taking into ac-
count the recent adjustments by Giusberti et al. (2007),
Galeotti et al. (2010) and Leon-Rodriguez and Dick-
ens (2010). The upper boundary of NP11 is placed ac-
cordingly close to the middle of Chron C24n.1n.1n
and its lower boundary in the lower part of Chron C24r
(Galeotti et al. 2010). These tie-points, which were
 established in a series of deep-sea sections worldwide,
are consistent with the data recorded from the shelf
settings in the southern North Sea Basin (Steurbaut
1998) and at Aktulagay in Kazakhstan (Steurbaut
2011): lowest occurrence of D. lodoensis (marker of
base NP12) in middle of Chron C24n.1n (= C24AN 
in Steurbaut 1998), and lowest consistent occurrence
of this taxon (LCO or FCO) in its top. However, the
boundaries of nannoplankton zone NP11 are signifi-
cantly different as presented in Vandenberghe et al.
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Fig. 8. Stratigraphic chart and biozonation of the early Eocene, ranges of biostratigraphically important taxa and lithostrati-
graphic units/sequences of the Corbières region. The grey area denotes the biostratigraphic extent of the Pradelles section.



(2012) (see Fig. 8). Since the data for correlation of
nannoplankton zones in the timescale has been derived
from localities in the Pacific, we adapted the afore-
mentioned previous (European and Atlantic) data to
the new combined age model of Vandenberghe et al.
(2012). The exact positioning of the lower boundary of
NP10, defined by the lowest occurrence (LO) of Tri-
brachiatus bramlettei, has been a major point of dis-
cussion and debate, because very rare occurrences are
known to occur clearly before the start of its consistent
occurrence. However, most authors are currently
agreeing that the very first T. bramlettei appear within
the upper part of the PETM (Agnini et al. 2009, Gale-
otti et al. 2010). The calibration of the shallow benth-
ic zones (SBZ) of Serra-Kiel et al. (1998) with the
standard planktic biozonations has also been contro-
versial. The position of Zone SBZ9, which is identified
in the top of the Pradelles-en-Val section, has been
shifted over the years, from uppermost NP11 – base
NP12 (Serra-Kiel et al. 1998), to exclusively lower
NP12 (Martin-Martin et al. 2001, Vandenberghe et al.
2012) up to a position spanning the NP10–NP11
boundary (Afzal et al. 2009).

The latter and subsequent age tie points are estimat-
ed from the combined age model in Vandenberghe et
al. (2012) (Fig. 8). According to the data in the North
Sea Basin and Aktulagay (Steurbaut 1998, 2011) the
LO of Blackites truncatus has been pinpointed close 
to the base of nannozone IIIa, which is in the upper
part of Chron C24n.2r (equivalent of C24AR in Steur-
baut 1998, 2011) at ~ 53.29 Ma. The HO of Assilina
leymeriei, the marker for SBZ8, has been recorded
within the middle of Biofacies 6 in the Pradelles-en-
Val section (this study, Massieux 1973). This means
that the major part of the marls, up to CN107, is still
within SBZ8. The HO of Ellipsolithus macellus, which
in the North Sea Basin (Steurbaut 1998) and at Aktu-
lagay (Steurbaut, 2011) defines the top of nanno-
zone IIIa2 and almost coincides with the base of
NP12, is recorded in CN110, indicating that the top-
most part of the middle blue marls below the lower
massive sandstone (“upper sandstone”, Fig. 3) is still
within NP11. This implies that the top of the middle
blue marls is within the lower middle of Chron
C24n.1n at ~ 52.90 Ma. It also suggests that the base of
SBZ9 is still within NP11, as was initially put forward
by Serra-Kiel et al. (1998).

Pteropod-zone 7 (Janssen and King 1988) ranges
from lower part Chron C24n.2r to basal Chron
C24n.3n. It thus correlates well with the nannofossil
data from the lower part of the Pradelles-en-Val section.

Generally poor preservation limits the use of plank-
tic foraminifera for biostratigraphic interpretation. For
instance the occurrence of Acarinina pentacamerata
(E5-7) in the lower part of the section contradicts the
nannoplankton age dating (upper NP11 which is with-
in E4). However, Berggren et al. (2006) mentioned the
uncertainty concerning the total range of A. pentacam-
erata as well as the gradual morphologic transition
from the resembling ancestral taxon A. interposita
(E4-6). Small acarininid specimens resembling the
two latter taxa are documented in the lower Pradelles-
en-Val section.

The acme of larger Subbotina, associated with a short
increase in P/B ratio at 90.3 m, may represent an extra
tie-point allowing refinement of the temporal frame-
work during which the deposition of the blue marls at
Pradelles-en-Val took place. Subbotina blooms are
known to occur at a similar stratigraphic position in
Belgium (the “Globigerina patagonica” acme-zone of
Willems 1982 = Subbotina interval of King 1991) and
Kazakhstan (Aktulagay section: King et al., in press).
In several Ypresian sections in Belgium there is a sharp
increase in planktic foraminifera, essentially Subboti-
na, in a very thin interval (25 cm with very high plank-
tic foraminiferal ratios of over 50%, at the base of the
about 3 m thick Subbotina-dominated interval with PF
ratios between 5 and 10%, Steurbaut pers. com.), at the
transition of nannofossil zones IIIa1 and IIIa2. This
 level is located within the lower part of Chron C24n.1n
at approximately 53.05 Ma (see Fig. 8).

The upper boundary of the ostracod assemblage
zone OAZ-A is defined by the species shift of Echino -
cythereis isabenana to E. aragonensis-posterior.
Oertli (1960) placed this speciation event in the early
Lutetian. Molina et al. (2003), when revising the
stratigraphy of the Tremp and Campo sections, posi-
tioned this species transition in NP10. Thus, the value
of the E. isabenana to E. aragonensis-posterior transi-
tion as a (regional) biostratigraphic marker event is
questionable and needs further investigation.

5.3.2 Sedimentation rates
From the tie points discussed in 5.3.1 it can be con-
cluded that the major part of the Pradelles-en-Val sec-
tion from close to the base to 129.3 m, representing
about 125 m of sediment, has been deposited within a
timespan of approximately 390 kyr. An average sedi-
ment accumulation rate of about 32.1 cm/kyr can be
computed for the whole section, corresponding rough-
ly to the upper limit of other regional values. The in-
termediate tie-point of the Subbotina acme allows the
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detection of differences in sedimentation rates within
the lower Blue Marls: lower 86 m in 240 kyr, the up-
per 39 m in 150 kyr. Accumulation rates in the upper
third (26.0 cm/kyr) of the section are accordingly low-
er than those in the lower two thirds (35.8 cm/kyr), de-
spite the increased influx of coarser sediments from
BF6 onwards. Accumulation rates in the topmost 20 m
of the section (“Upper Sandstone”, upper “Blue
Marls” and “Oyster Sandstone”) are difficult to evalu-
ate due to the lack of calibration points.

Very high sediment accumulation of ~ 200–300 m
within nannoplankton zone NP11 (duration of ~ 1.2–
1.4 myr; Luterbacher et al. 2004, Galeotti et al. 2010;
see Fig. 8) is registered in the region (Massieux 1973,
Martín-Martín et al. 2001), increasing up to 500 m in
similar paleoenvironmental settings in the Tremp and
Campo area to the southwest (Molina et al. 1992, Serra-
Kiel et al. 1994). Judging from the biostratigraphic and
lithostratigraphic data recorded in Martín-Martín et al.
(2001) from neighbouring sections in the Corbières and
the approximate duration of nannoplankton zone NP11
regional average sediment accumulation rates are esti-
mated at 14–25 cm/kyr for the middle ̒ Blue Marls’.

5.4 Stable Isotopes

5.4.1 Authenticity of the local stable carbon and
oxygen isotope signal

The pronounced sharp negative shift located in the
lower part of BF4, coincides with a strong increase of
turritellid gastropods, but without any change in δ18O
values. High relative abundance of Turritellidae indi-

cates nutrient/organic-rich, probably delta-front sedi-
ments. The latter hints towards an increased freshwa-
ter influx and in-situ burial of excess organic and re-
worked terrestrial matter in BF4. This is corroborated
by the increase of reworked Cretaceous nannofossils.
The incorporation of buried negative organic carbon
during diagenetic carbonate re-precipitation due to the
closed nature of the marly sediments (e. g. Marshall
1992) probably leaves the pronounced negative δ13C
imprint on the bulk sediment as recorded in BF4. Un-
altered recent and fossil marine gastropod shells dis-
play δ13C and δ18O values higher than recorded in the
bulk samples of BF4 (e. g. Andreasson and Schmitz
1996, 2000, Latal et al. 2004). Since the shells only
contribute about 0.5 to 5‰ to the entire sample mass,
the geochemic imprint of gastropod shells on the bulk
sample is negligible, which is evidenced by the nega-
tive isotopic trend in BF4.

Though bryozoa, turritellid gastropods and LBF
represent the most common faunal elements in BF3-6,
only LBF contribute significantly to the bulk sediment
mass in BF6. Values for early to middle Eocene LBF
from western India vary between –1.0 to 1.2‰ δ13C
and –4.7 to –2.9‰ δ18O (Saraswati et al. 1997).
 Seasonal variability recorded from one Lutetian num-
mulite species from southern England ranges between
0.5 to 2.5‰ δ13C and –5.7 to –1.2‰ δ18O, with 
lower values recorded from summer periods (Purton
and Brasier 1999). On average these values are much
higher than those documented in the bulk curves 
in BF6. The period of low δ13C values starts 15 m
down-section (in BF4) of the mass occurrence of LBF,
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Fig. 9. Paleogeographic position of cited localities recording Carbon Isotope Excursions (CIEs).



with values consistently hovering around –1.5‰ δ13C
throughout levels 107.3 to 124.3 m, and rising to 
� –1‰ δ13C between 124.3 to 128.3 m.

The apparent absence of covariance between the
δ13C-curve and the abundance of calcareous biota in-
dicates no influence of the mass of the latter on the
bulk sediment geochemistry throughout the section.

Strongly variable and very low δ18O values are an
indication of diagenetic overprint (e. g. Charisi and
Schmitz 1995, Nelson and Smith 1996, Molina et al.

2003) like burial effects or meteoric impact. This may
especially be expressed in the highly variable δ18O
values in various biofacies. It has to be noted though
that large fluctuations in δ18O also prevail in the deep-
sea record (e. g. curves in Cramer et al. 2003). Since
sample-by-sample covariance of δ13C and δ18O in the
Pradelles-en-Val record occurs only sporadically
(Fig. 5), the impact of a meteoric isotopic signature in-
duced at a post-burial cementation stage is considered
negligible (Corfield et al. 1991).
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Fig. 10. Stable isotope record (bulk sediment; three point moving average = gray line) comparison between the Pradelles
section and pelagic sites, position of CIEs/OIEs indicated (after A Fig. 8, B Galeotti et al. 2010, C Agnini et al. 2009 and
D Cramer et al. 2003). Compressed section curve below (3 point moving average).



5.4.2 Global early Eocene stable isotope
background (Fig. 9, 10, Table 3)

Post-PETM whole rock bulk carbonate δ13C (non-
CIE) values at the pelagic DSDP Site 550 (Bay of Bis-
cay) and the hemipelagic Contessa road section aver-
age +1‰ (Cramer et al. 2003, Galeotti et al. 2010) in
calcareous nannoplankton zone NP11. Slightly higher
values apply to southern Atlantic sites (Walvis ridge;
+1.3 and +1.5‰; Stap et al. 2009) and the central Pa-
cific (DSDP Site 577; +1.2‰ to 1.5‰; Cramer et al.
2003).

δ13C values available from shallower-water settings
tend to show larger variations and in general more neg-
ative whole rock values similar to the Pradelles-en-Val
section. Depleted δ13C values of shallow sequences
relative to open ocean settings have been explained by
the increased restriction or higher freshwater influx in
marginal marine basins (Patterson and Walter 1994),

coupled with reduced surface-water productivity and
syndepositional diagenetic oxidation of increased or-
ganic detritus input during sea-level lowstands (Cha -
risi and Schmitz 1995). The reworking of isotopic
 depleted organic-rich, uplifted hinterland sediments
(Beck et al. 1995) may equally contribute to more
 depleted values in marginal settings (Höntzsch et al.
2011).

While post-PETM values from upper slope deposits
of New Zealand (lower NP11; Nicolo et al. 2007) are
still within the general range at an average of +1.3‰,
whole-rock values from open marine shelf sediments
at Gebel Duwi and Gebel Aweina (Egypt; NP10) vary
between –2‰ and 0‰ (Schmitz et al. 1996). Values
in-between the ETM2 and ETM3 CIEs from the
Galala carbonate platform (Egypt) are similar, but may
also be higher, ranging in different sections between –
2‰ to 1‰ (Höntzsch et al. 2011). For the neritic
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Fig. 11. Local events, lithostratigraphic, biostratigraphic and paleoenvironmental summary of the Pradelles-en-Val section.
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Campo section in the larger Aquitain Basin, whole-
rock values from NP11 (only 6 samples) range be-
tween –0.5‰ and –4‰. They are though much more
strongly influenced by diagenetic alteration (Molina et
al. 2003) than the Pradelles-en-Val section,in which
nearly all δ13C values range between –1.5‰ and –
0.5‰.

Comparable isotopic behaviour applies to the δ18O
values, but the curves tend to be more erratic than for
δ13C values (both pelagic and neritic settings). Pelag-
ic values shift between –1‰ and –0.5‰ at the DSDP
Sites 550, 577 and 1051A (e. g. Cramer et al. 2003).

Thus the general post-PETM whole rock isotopic
signature of the Pradelles-en-Val section correlates
well with (unaltered or only slightly altered) values
from other neritic sections, and displays the character-
istic negative offset of shallower marine records.

5.4.3 Correlation of the local stable isotope
record (Fig. 10, 11)

Four global post-PETM isotopic excursions (I1 to K)
come into consideration within the upper part of cal-
careous nannoplankton zone NP11 (Cramer et al.
2003). However, comparisons to pelagic sites are com-
plicated by discrepancies in the biostratigraphic, mag-
netostratigraphic and orbital calibration between dif-
ferent localities. CIE J and/or K (X-event, ETM3) de-
scribed by Cramer et al. (2003) may either be attrib-
uted to NP11 or NP12, whereas I1 and I2 are consis-
tently situated within NP11. More recent publications
agree on the position of CIE K straddling the bound-
ary of NP11-12 (e. g. Agnini et al. 2009, Galeotti et al.
2010). A comparison of both δ18O and δ13C values
from the Pradelles-en-Val section to comparable nerit-
ic early Ypresian localities is not possible due to the
lack of published data.

Of the four global post-PETM isotopic excursions
the most likely to be recorded in the time frame of the
Pradelles-en-Val section are excursions J and K, based
on local biostratigraphic constraints. As the onset of
CIE K (= ETM3, X-event) just precedes or is very
close to the NP11-12 boundary (see citations above),
its position is most likely located within the uppermost
part of the Pradelles-en-Val section of equivalent bios-
tratigraphic age, where the negative isotopic values of
O and C drop near simultaneously about 1.2‰ (local
excursions C1 and O1). The distinct faunal shift (e. g.
HO and LO of ostracod taxa in BF7/OAZ-D) within
the microfossil assemblages in this interval probably
relates to the global climatic perturbation during the
ETM3, but may also be driven by local paleoecologi-

cal changes (response to transgression-regression cy-
cles, see Fig. 8). Biotic changes related to the ETM3
comparable to the ones in the wake of the PETM,
though of lesser magnitude, have been reported by
Agnini et al. (2009) for the northwestern Tethys mar-
gin.

The detection of the older CIE J is hampered by its
lesser magnitude in the global isotopic record (e. g.
Cramer et al. 2003, Site 577; see Fig. 10 and values in
Table 3). A plausible position of J would be below
BF1, based on the average sedimentation rates and the
400 kyr eccentricity cycle separating global CIE J and
K, and thus just below the logged Pradelles-en-Val
section. This is probably also indicated by the long
term trend of the δ18O-curve in Fig. 4 and 6, showing
one minimum at the top of the section, and hinting at
another minimum just below the base.

6. Conclusions

The analysis of the high-resolution stratigraphic, mi-
crofossil and geochemical record of the Pradelles-en-
Val section allows the following conclusions:
1. The Pradelles-en-Val section can be subdivided in

seven distinct biofacies and four ostracod assem-
blage zones, confirming outer to middle neritic en-
vironments in the lower part and a subsequent shal-
lowing up. A potential anoxic event is indicated in
biofacies 2 by the decrease and subsequent near ab-
sence of benthic biota.

2. Calcareous nannofossil and larger benthic fora -
minifera data pinpoint the Pradelles-en-Val section
in upper NP11 (subzones II, IIIa), up to probably
basal NP12 (early to middle Ypresian) and shallow
benthic zone SBZ8-9 respectively. The section has
an approximate duration of about 0.4 Myr and av-
erage sediment accumulation rates of 32 cm/kyr.

3. At the top of the section, a negative δ13C- and δ18O-
excursion of both ~ 1.2‰ occurs. Based on the bios-
tratigraphy indicating this interval corresponds to
the NP11-12 transition, these excursions could be
tentatively linked to carbon isotope excursion 
K associated with Eocene Thermal Maximum 3
(ETM3). The distinct faunal shift within the micro-
fossil assemblages in the latter biofacies could relate
to the climatic perturbation induced by ETM3, or al-
ternatively to local paleoecological changes. Fur-
ther studies on time-equivalent local and global sec-
tions to clarify the impact of the ETM3 on shallow
marine biota and isotopic record are needed.
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