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Biostratigraphy, mineralogy and geochemistry of the Trabakua Pass
and Ermua sections in Spain: Paleocene-Eocene transition

MARIE-PIERRE BOLLE!, THIERRY ADATTE!, GERTA KELLER?, KATHARINA VON SALIS® &

JOHANNES HUNZIKER?
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ABSTRACT

Isotopic, geochemical and bulk mineralogical analyses in the Trabakua and
Ermua sections, Basque Basin, reveal major changes across the Paleocene-
Eocene transition. Expanded sedimentary records exhibit a gradual decrease
of 1.0 %o in & 1*C values in the lower part of Zone P5 followed by a more rapid
3 %o negative excursion. The 3 %o 8 '3C excursion is associated with an abrupt
decrease in carbonate sedimentation. increased detrital flux and decreased
grain size which suggest changes in marine/atmospheric currents and/or size
and structure of the ocean carbon reservoir. The clays recognized at Trabakua
record a deep burial diagenesis as indicated by two generations of chlorite,
the presence of mixed-layers chlorite-smectite and illite-smectite, the absence
of smectite and the near absence of kaolinite. The very low § 'O values
(<-3.5%0) throughout the Trabakua and Ermua sections reflect diagenetic al-
teration rather than paleotemperatures. Because of deep burial diagenesis and
very poorly preserved microfossils, the Trabakua Pass and Ermua sections are
not optimal potential stratotypes for the Paleocene-Eocene boundary.

RESUME

Différentes analyses. faunistiques, minéralogiques, isotopiques et géo-
chimiques, effectuées sur des sédiments provenant des profils de Trabakua et
Ermua localisés dans le pays basque espagnol montrent des changements ma-
jeurs a la transition Paléocene-Eocene. Cette derniere est marquée lithologi-
quement par un intervalle argileux d'une épaisseur de 3 metres. La transition
Paléocene-Eocene est caractérisée par une diminution graduelle de 1%. du
§'3C dans la partie inférieure de la Zone PS5, suivie par une excursion négative
abrupte de 3 %0 du & '3C. Cette excursion négative est associée a une impor-
tante diminution de la sédimentation carbonatée, une augmentation des ap-
ports détritiques ainsi qu'a une réduction de la taille des particules. Ces
changements suggerent une diminution de la productivité biologique primaire
ainsi que des variations dans la source des sédiments et/ou des courants
océaniques/atmosphériques. Deux générations de chlorite, la présence d'inter-
stratifiés illite-smectite et chlorite-smectite, ainsi que I'absence de smectite et
kaolinite indiquent que les sédiments de Trabakua ont subi une diagenese
importante. En raison de la mauvaise préservation des microfossiles et de la
diagenese qui affecte les sédiments, le choix combiné des profils de Trabakua
et Ermua comme stratotype de la limite Paléocéne - Eocéne ne serait pas opti-
mal.

Introduction

The Paleocene-Eocene transition is characterized by a 6-8°
warming in the deep ocean and high latitude surface ocean as
indicated by foraminiferal & '80O analyses and by a major
change in the carbon budget as indicated by a negative excur-
sion of 2.5-3%o in carbonate § '3C values (Kennett & Stott
1991: Koch et al. 1992; Pak & Miller 1992; Stott 1992; Lu &
Keller 1993; Bralower et al. 1995; Canudo et al. 1995; Lu et al.
1996: Thomas & Shackleton 1996; Stott et al. in press). Clay
mineral associations suggest a time of exceptionally high pre-
cipitation on Antarctica (Robert & Kennett 1994), but an arid
climate in the Tethys region (Adatte et al. 1995). Coincident

with the negative & 13C excursion, carbonate sedimentation de-
creased drastically in all major basins as well as on continental
margins (O ‘Connell 1990; Canudo et al. 1995; Thomas &
Shackleton 1996), indicating significant changes in ocean
chemistry which might have affected atmospheric CO2 concen-
trations. The reorganization of ecosystems associated with the
P-E global change is marked by a mass extinction in benthic
foraminifera known as the benthic extinction event (BEE)
(Miller et al. 1987; Thomas 1990; Katz & Miller 1991; Pak &
Miller 1992; Speijer 1994a, 1994b; Canudo et al. 1995; Thomas
& Shackleton 1996), and the radiation and proliferation of
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thermophilic species in marine plankton and terrestrial verte-
brates and plants (Gingerich 1980, 1986; Wing et al. 1991;
Axelrod 1992; Wing & Greenwood 1993; Lu & Keller 1993,
1995a, 1995b).

The Tethys is generally considered as a crucial region for
investigating the potential cause(s) and mechanism(s) of the
global P-E change (Kennett & Stott 1990, 1991; Lu et al.
1996). During the P-E transition, the Tethys was a semi-re-
stricted basin surrounded by vast shallow epicontinental seas
and undergoing intense tectonic activity (Oberhénsli & Hsii
1986; Klootwijk et al. 1992; Oberhansli 1992; Selverstone &
Gutzler 1993). These unique geographic and tectonic features
suggest that the Tethys region was most likely a major source
and/or sink of organic carbon (Raymo & Ruddiman 1992;
Selverstone & Gutzler 1993) and potentially a major source
of warm saline deep water (Kennett & Stott 1990, 1991), two
conditions that are probably the primary driving forces for
the P-E global climatic and environmental changes (Lu et al.
1996).

The Trabakua Pass section has been proposed by Coccioni
et al. (1994) and Orue-Etxebarria et al. (1996) as potential
stratotype section for the Paleocene/Eocene boundary. Ac-
cording to these authors, this section fullfils most of the re-
quirements for a stratotype section as suggested by the Inter-
national Commission on Stratigraphy (Remane et al. 1997): a)
easy access, b) hemipelagic sedimentation, c) continuous, if
somewhat condensed, sedimentation across the boundary, d)
absence of synsedimentary and tectonic disturbances, e) ab-
sence of diagenetic alteration or redeposition, f) abundance
and diversity of well preserved fossils, and g) good magneto-
stratigraphic and isotopic records. Moreover, this section can
be correlated with the Ermua section, located about 10 km to
the south of the study area which shows resedimented deposits
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Fig. 1. Geographical location of the Trabakua Pass and
the Ermua sections. Basque Basin, North of Spain.

from a coeval carbonate platform. The proposed boundary
section offers therefore the possibility to intercalibrate the bio-
stratigraphic scales of the most important deep and shallow
marine fossil groups across the Paleocene/Eocene boundary
(Orue-Etxebarria et al. 1996).

To evaluate the Trabakua Pass section as potential P-E
boundary stratotype, we conducted a detailed investigation of
mineralogical, geochemical, isotopic and faunal changes across
the P-E transition of the Trabakua Pass and Ermua sections.
The main objectives of this study are: 1) to test the choice of
the Trabakua Pass section as potential stratotype with the aid
of mineralogical, chemical and isotopic data. 2) To confirm the
correlation, based on biostratigraphic data between the two
sections. And 3) to correlate this section with others located in
the Tethyan realm (Alamedilla, Caravaca).

Location and paleogeographical setting

The Trabakua Pass and Ermua sections are located in the
northwestern part of the Pyrenees (Basque Region) of north-
ern Spain and can be reached by the road from Bilbo to
Durango (Fig. 1). The Ermua section is located near the village
of Ermua and the Trabakua Pass section is 1 km north of the
Trabakua Pass.

During the late Cretaceous to early Eocene, the Basque
Basin in which the Trabakua and Ermua sections are located.
was an interplate trough of intermediate water depth (Plaziat
1981; Pujalte et al. 1992, 1993, 1994). This basin was elongated
in a E-W direction, opening westward into the Bay of Biscay,
and surrounded by shallow shelf areas to the south, east and
north. Within this basin, the Ermua section was located at the
base of the slope, whereas the Trabakua Pass section was de-
posited in a more basinward location.



EPOCH

FORAM.

OCENE

E

E

PALEOCEN

»7

reb

P4

ERMUA P>

TRABAKUA

DATUM Events

% z ;
b4 g 4
Z= 2 z T
28 = E PLANKTIC
8 2 FORAMINIFERA
= = é
yoaed 145
25 e
I ] Z 140
I = 3s
Z 130 - M. aragonensis
125
20 I =120
= ns
I' 7T e
=108
| =0
e
= % L M. lensiformis
= s | Llodoensis
=« T M. velascoensis
75

2o+ L lodoensis

65
I = 60
10 = 55
= 50
|A'~:, = 45
40
I’ = %
: 30
5 = 25
:' . + M. subbotinae
= ;‘ P. pseudomenardii
= 10
.
0
Limestone Marl/ Limestone
Marl Clay/Shale
Calcarenite Slump

EPOCH
NANNO.

OCEN

E

OCENE

PALE

NP 10

NP9

FORAM.

P6a

P4

THICKNESS

a

wh

(m)
“IAITH()I.()(;V

|

— —
|

T

.!

AT AT (TR

SAMPLES

|
8

- 65

_ a5

=10

DATUM Events

PLANKTIC
FORAMINIFERA

o+ M. lensiformis

-+ M. velascoensis

+ M. subbotinae
P. pseudomenardii

Fig. 2. Lithological description of the Trabakua
Pass and the Ermua sections. Planktic foramini-
fera and calcareous nannoplankton zonation
used in this study.

Paleocene-Eocene transition in N-Spain 3



Lithology and sampling

The Trabakua section is about 26 m thick and spans the Pale-
ocene-Eocene (P-E) transition (Fig.2). The lower part of the
section (0 to 9.3 m) consists of alternating hemipelagic marls
and limestones. The middle part (9.3 to 12.3 m) is composed of
green laminated clays alternating with reddish clays and the
upper part of the section (12.3 to 25.7 m) consists of alternating
hemipelagic limestones and marl layers. This interval consists
of more massive limestone and marl layers than the lower part
of the section. We sampled the section at 10 to 20 cm intervals,
except in the green/reddish clay layers where samples were
collected at 5 to 10 cm intervals. A total of 146 samples were
analyzed for this study.

The Ermua section is about 45 m thick and also spans the
P-E transition (Fig. 2). This succession is mainly built up of
turbidites grading upward from coarse grained sandy calcaren-
ites into hemipelagic marls. The calcarenites are rich in quartz
and other reworked detrital material. Limestones and marl
layers are more massive in the uppermost three meters of the
section. Samples in the marly layers were collected at 10 to
90 cm intervals. A total of 90 samples were analyzed for this
study.

Methods

Foraminifera:

Sediments were soaked in water and washed through a 63 um
sieve. An ultrasonic bath was used to further clean the recov-
ered foraminiferal tests. Washed residues were dried in an
oven. Foraminifera were picked from the residues (>106 um)
for identification and biostratigraphic determinations.

Calcareous nannofossils:

Simple smearslides were prepared and studied with the light
microscope at a magnification of 1000 x.

Mineralogical analyses:

X-Ray Diffraction (XRD) analyses of whole rock and clay
mineral studies were conducted at the Geological Institute of
the University of Neuchatel, Switzerland, using a SCINTAG
XRD 2000 Diffractometer. Whole rock samples were prepared
following the method of Kiibler (1987). For each rock sample,
approximately 20 g were ground to obtain small rock chips
(1 to S mm). Of these, 5 g were dried at a temperature of 60 °C
and then ground again to a homogenous powder with particle
size < 40 pm. 800 mg of this powder was compressed (20 bars)
in a powder holder and analyzed by XRD. Whole rock compo-
sition was determined using external standards based on the
methods described by Ferrero (1965, 1966), Klug & Alexander
(1974), Kiibler (1983), and Moore & Reynolds (1989).

Clay mineral analyses were based on the methods of
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Kiibler (1987). Ground chips were mixed with de-ionized
water (pH 7-8) and agitated. The carbonate fraction was re-
moved with 10% HCI (1.25 N) at room temperature for 20
minutes or more until all the carbonate was dissolved. Ultra-
sonic disaggregation was performed for 3 minutes. The insolu-
ble residue was washed and centrifuged (5-6 times) until a
neutral suspension was obtained (pH 7-8). Separation of dif-
ferent grain size fractions (< 2 pm and 2-16 um) was obtained
by the timed settling method based on Stokes law. The select-
ed fraction was then pipetted onto a glass plate and air-dried at
room temperature. XRD analyses of oriented clay samples
were made after air-drying in ethylen-glycol solvated condi-
tions for the fraction < 2 pm. The intensities of selected XRD
peaks characterizing each clay mineral (e.g., chlorite, mica,
kaolinite, chlorite-smectite and illite-smectite mixed-layers)
were measured for semi-quantitative estimates of the propor-
tion of clay minerals present in the size-fractions < 2 pym and
2-16 pm. Clay minerals are therefore given in relative percent
abundance without correction factors.

Stable isotopes:

Oxygen and carbon isotope analyses were conducted on bulk
rock samples at the stable isotope laboratory at the University
of Lausanne, Switzerland. Carbonate samples were prepared
following the conventional procedure of McCrea (1950). CO;
released from a 2 hour reaction between powdered bulk sam-
ples and 100% phosphoric acid at 50 °C was analyzed. The
8 13C and the & 8O composition of the released CO; gas was
measured on a Finnigan MAT 251 spectrometer. The results
are reported in the usual per mil § -notation relative to the
PDB (Pee Dee Belemnite) international isotopic standard. In
the isotope laboratory at the University of Lausanne, calibra-
tion to PDB is performed by Carrara marble versus NSB19
standard. Replicate analysis of selected samples showed a re-
producibility of 0.05 per mil for § 13C and better than 0.1 per
mil for & 80. (Bartolini et al. 1996)

Organic matter:

Organic carbon was analyzed using a CHN Carlo-Erba Ele-
mental Analyzer NA 1108. This instrument analyzes total car-
bon, hydrogen and nitrogen in solid samples by flash combus-
tion at 1020 °C. The sample was placed in a tin container and
introduced into a combustion column reactor by means of an
auto-sampler (Verardo et al. 1990). The combustion product, a
mixture of CO», NO and H»O, is transported through the com-
bustion reactor by a mobile phase of helium into a second col-
umn. Due to their different velocities, N is first detected, fol-
lowed by C and H. Total carbon was first measured on bulk
samples (0.01-0.02 g). Total organic carbon (TOC) was deter-
mined after dissolving carbonate with hydrochloric acid (HCl
10%). TOC values were determined by comparing the values
obtained from the analysis of the sample with the analysis of a
suitable standard (Cyclohexanone-2,4 dinitrophenyl Hydra-



zone (C12H14N404)) and the use of a known reference k-fac-
tor (Erba, C., instruction manual 1990). Analytical precision is
+ 0.003% of the measured value.

Granulometry:

Measurements have been carried out using a Galai CIS I laser
system. This system is based on a rotating He-Ne laser, where
the time it takes to pass over a particle is related to the particle
diameter. The standard measuring range extends from 0.5 um
to 150 pm in steps of 0.5 pm (Jantschik et al. 1992).

Atomic absorption:

The presence of the elements Ca, Sr, Fe, Mn, Mg and K was
determined with a Perkin-Elmer 5100 PC Atomic Absorption
Spectrophotometer in the Laboratory of petrology and mine-
ralogy at the Institute of Geology, University of Neuchatel,
Switzerland.

Results

Biostratigraphy
Foraminifera

Planktic and benthic foraminifera in both the Trabakua and
Ermua sections are very poorly preserved, recrystallized
and/or phosphatized though common at Trabakua, but rare at
Ermua in most samples. In general, up to a dozen species can
be identified per sample. This is generally enough to obtain
biostratigraphic control, though placement of zonal boundaries
may be tentative because of the rarity and poor preservation of
index species.

Nevertheless, biostratigraphic determinations of this study
are in relatively good agreement with earlier studies by Coc-
cioni et al. (1994) and Orue-Etxebarria et al. (1996). The
planktic foraminiferal zonation used in this study is the revised
zonation of Berggren et al. (1995). For the Paleocene-Eocene
interval, this zonal scheme differs from earlier zonations,
where the original Zone PS5 had been eliminated or effectively
included in Zone P6a. Now, Zone PS5 is used in a larger sense,
including P5 and P6a of earlier publications. Thus this zonal
name change will cause great confusion when sections are cor-
related with earlier published P-E studies where the benthic
extinction event and carbon-13 shift is known to occur in Sub-
zone P6a, which is now labelled Zone PS.

Zone P4: This zone is defined by the total range of Plano-
rotalites pseudomenardii. At the Trabakua and Ermua sections
this taxon disappears at 4.5 m and 25 m from the base respec-
tively (Fig. 2). In both sections the faunal assemblages in this
interval are dominated by subbotinids (e.g. Subbotina triloculi-
noides, S.hornibrooki, S.velascoensis) and conicate acarinids
(e.g. Acarinina subsphaerica, A.mckannai, A.nitida). Igorina

pusilla, Planorotalites pseudoimitata, P. pseudomenardii and
P. ehrenbergi are generally present.

Morozovellids are extremely rare (single occurrence of
M. occlusa and very rare M. acuta). In contrast, tropical assem-
blages of Zone P4 are dominated by discoidal morozovellids,
including M. occlusa and M. velascoensis (Lu & Keller 1995a).
The near absence of these tropical taxa in the Pyreneean sec-
tions indicates a relatively cool water environment as also sug-
gested by the abundance of subbotinids.

Chiloguembelinids (e.g. C. crinita, C. wilcoxensis and C.
subcylindrica) are present in the Ermua section in the upper-
most part of Zone P4 (21.4 m) and continuing upwards into
Zone P5 (29.5 m). The presence of these low oxygen tolerant
taxa, as well as the generally dwarfed size of acarinids and sub-
botinids, particularly in the lower part of this interval, and the
presence of low oxygen tolerant benthic foraminifera (bolivin-
ids and buliminids), suggest that low oxygen conditions pre-
vailed at this time. No chiloguembelinids were observed in the
Trabakua section in Zone P4, however, many samples were
barren due to dissolution in the upper part of Zone P4. The
basal part of the Ermua section investigated contains only rare
subbotinids and small acarinids. No P. pseudomenardii were
found, though Orue-Etxebarria et al. (1996) noted the pres-
ence of this index species in this interval. We therefore tenta-
tively identify the basal part as Zone P4.

Zone PS5: This zone marks the biostratigraphic interval
between the last occurrence of Planorotalites pseudomenardii
and the last occurrence of Morozovella velascoensis. Note that
this zonal re-definition by Berggren et al. (1995) includes the
formerly known Zone PS5 which marked the interval between
the last occurrence of P. pseudomenardii and the first occur-
rence of M. subbotinae (Berggren & Miller 1988), and the for-
merly known Zone P6a, which marked the interval between
the first occurrence of M. subbotinae and the last occurrence of
M. velascoensis. The benthic extinction event, rapid faunal
turnover and increased diversity in planktic foraminifera, and
the carbon-13 isotopic excursion occur in the upper part of this
interval worldwide within a carbonate-poor clay layer (e.g.
Canudo et al. 1995; Lu et al. 1995; Lu & Keller 1995a, 1995b;
Schmitz et al. 1995; Ortiz 1996; Thomas & Shackleton 1996).

At Trabakua and Ermua, the base of Zone PS5 is at 4.5 m
and 25 m respectively, marked by the last appearance of
P. pseudomenardii and the first appearance of M. subbotinae
within the same sample (Fig. 2). The top of this zone can only
be tentatively identified in these sections because many sam-
ples have only rare foraminifera due to dissolution. This is par-
ticularly the case in the clay layer at Trabakua (9.3 to 12.3 m),
and intermittently in the Ermua section. At Trabakua, the last
Morozovella velascoensis was observed at 13.5 m which is
about 1m above the top of the clay layer. At DSDP Site 577,
Lu & Keller (1995a) noted that the short ranging species Igori-
na lodoensis marks the interval equivalent to Subzone P6a.
Igorina lodoensis first appears at Trabakua near the top of the
clay layer (12 m). This suggests that the Zone P5/P6a bound-
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ary may be lower. At Ermua, M. velascoensis disappears at
30.3 m; Igorina lodoensis was not observed. Zone PS5 assem-
blages at Trabakua and Ermua are dominated by acarininids
(A. mckannai, A. nitida, A. densa, A. pseudotopilensis) and few
morozovellids (M. aequa, M. occlusa).

Zone Pé6a: This zone is defined by the stratigraphic interval
from the last M. velascoensis to the first appearance of M. for-
mosa and/or M. lensiformis. Morozovella lensiformis is con-
stantly present in the Trabakua and Ermua sections and we
base the top of P6a at the first appearance of this taxon. At
Trabakua, M. lensiformis appears at 14.5 m and only one
meter above the last M. velascoensis (Fig. 2). This suggests ei-
ther diachronous species occurrences, or a very condensed
interval above the clay layer. There is no evidence for the lat-
ter in these limestone/marl layers, though a'short hiatus could
be present. At Ermua the first M. lensiformis was observed at
35 m and hence indicates that Zone P6a spans 5 m (Fig. 2). In
both sections, Zone P6a is marked by higher planktic forami-
niferal diversity than either above or below. This was also ob-
served at other sections in Spain and elsewhere (Canudo et al.
1995; Lu & Keller 1995a, 1995b; Lu et al. 1996). The assem-
blages in this interval contain more morozovellids (M. aequa,
M. quetra, M. subbotinae, M. marginodentata). In addition,
rounded acarininids dominate (A. pseudotopilensis, A. solda-
doensis, A. praepentacamerata) and replace the earlier
conicate acarininid assemblage (A. nitida, A. subsphaerica,
A. mckannai) as also observed in sections elsewhere (see Lu &
Keller 1995a, 1995b). This major faunal turnover between PS5
and P6a correlates with the maximum warming following the
benthic extinction event and carbon-13 shift in other Tethyan
(e.g. Caravaca, Zumaya, Allamedilla) in Spain (Canudo et al.
1995) and Negev sections (Lu et al. 1996).

Zone P6b: This zone spans the interval from the first ap-
pearance of M. lensiformis to the first appearance of M. ara-
gonensis. At Trabakua, M. aragonensis appears at 22 m and
the zone spans 7.5 m (14.5-22 m) (Fig. 2). At Ermua, M. ara-
gonensis was not encountered in the examined interval; Zone
P6b thus spans from 35 m to the top of the section (Fig. 2). The
faunal assemblages in this interval are diverse. Rounded acari-
ninids still dominate, though angulate morphotypes appear (A.
nicoli, A. densa), and morozovellids are more common.

Zone P7: The base of Zone P7 is defined by the first ap-
pearance of M. aragonensis. This zone was only sampled at
Trabakua where M. aragonensis was observed at 22 m; thus
the upper most 4 m of the section belong to Zone P7. The as-
semblage is dominated by large rounded and angulate acari-
ninids (e.g. A. densa, A. triplex, A. primitiva, A. appressoca-
merata, A. soldadoensis, A. pseudotopilensis) and morozovel-
lids (M. aragonensis, M. lensiformis).

Calcareous nannofossils

Only the calcareous nannofossils of the Ermua section were
studied in detail. While some samples were barren of any cal-
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careous nannofossils, they are very rare to common in others.
The preservation is usually poor, sometimes poor to moder-
ate.

Zones NP9 and NP10: Discoaster multiradiatus is present
from the lowermost studied sample on upwards thus indicating
the presence of NP9, the Discoaster multiradiatus Zone of
Martini (1971) in the lower part of the section (Tab. 1). A sub-
division of NP9 has been suggested by various authors based
on the first occurrence (FO) of Campylosphaera dela or the
FO of Rhomboaster sp. This subdivision can only be applied in
assemblages with a better preservation than the one observed
in the present material.

The base of NP10, the Rhomboaster bramlettei Zone of
Martini (1971), is defined by the FO of the namegiving spe-
cies. In recent papers there has been an as of yet unresolved
controversy about the correct determination and generic as-
signment — Rhomboaster or Tribrachiatus — of this species.

Representatives of Rhomboaster/Tribrachiatus were only
found over a short part of the section (Tab. 1) and include
Rhomboaster sp., R. cuspis, R. bramlettei and R. spineus. Fasci-
culithus sidereus, a species which has its last occurrence (LO)
in the basal part of NP10 according to Bybell & Self-Trail
(1995), was found by these authors and also at Ermua to over-
lap with Rhomboaster bramlettei and R. spineus. Bybell & Self-
Trail (1995) have lumped together R. cuspis and other species
of Rhomboaster into an enlarged R. bramlettei, thus lowering
the base of NP10 below the level where authors separating R.
cuspis and R. bramlettei would place it. R. cuspis usually ap-
pears before R. bramlettei. Wei & Zhong (1996) included some
forms previously assigned to R. bramlettei, R. calcitrapa, R.
spineus and R. bitrifida into the stratigraphically oldest species
of the genus, R. cuspis. They assigned the remaining bramlettei
to Tribrachiatus. Angori & Monechi (1996) included R. cuspis,
R. calcitrapa and R. bitrifida in R. bramlettei, while retaining R.
spineus. They then went on to register R. bramlettei with “short
arms” (oldest), “long arms” and “var. T” (youngest), the latter
appearing still before R. contortus. In conclusion, the lower
boundary of NP10 is presently applied differently by different
authors according to their concept of the defining species R.
bramlettei.

Orue-Etxebarria et al. (1996) did not report F. sidereus
from the Ermua section, but found other fasciculiths to overlap
with R. spineus and R. bramlettei (their Tribrachiatus nunnii).
The NP9/NP10 boundary is in this study placed at the first oc-
currence of R. bramlettei, following the original definition of
the zonal boundary.

Aubry (1996) has subdivided NP10 based on the evolution
of Rhomboaster/Tribrachiatus. This seems to be not applicable
in the present section due to the scarcity or absence of Rhom-
boaster and Tribrachiatus respectively in the upper part of the
section. Also the subdivision based on the FO of Discoaster
diastypus could not be applied, since this species was not found
in the scarce and poorly preserved assemblages available from
that part of the section. It was, however, found by Orue-Etxe-
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Samples

Abundance

Preservation

Biantolithus sparsus
Braarudosphaera bigelowii
Campylosphaera (eo)dela
Chiasmolithus cf. C. bidens
Chiasmolithus cf. C. gigas
Coccolithus crassus
Coccolithus eopelagicus
Coccolithus pelagicus
Cruciplacolithus primus
Cruciplacolithus sp. 10u
Cyclagelosphaera margerelii
Chiasmolithus sp.

Discoaster delicatus (4-8y)
Discoaster falcatus

Discoaster lenticularis
Discoaster megastypus
Discoaster mohleri
Discoaster multiradiatus
Ellipsolithus? sp. “bisectus”
Ellipsolithus sp.

Ericsonia sp. (round)
Fasciculithus clinatus
Fasciculithus involutus
Fasciculiths cf. F. involutus
Fasciculithus lillianae
Fasciculithus sidereus
Fasciculithus tonii/rich.?
Fasciculithus tympaniformis
Fasciculithus sp.
Fasciculithus/Sphenoliths? sp.
Heliolithus?. sp.
Micrantolithus sp.
Neochiastozygus cearae
Neochiastus concinnus
Neochiastozygus distentus
Neochiastozygus c.f N. perfectus
Placozygus sigmoides
Pontosphaera rimosa

Prinsius bisulcus

Prinsius tenuiculus

Prinsius sp. round 5u
Rhomboaster/Biantholithus? sp.
Rhomboaster bramlettei
Rhomboaster cuspis
Rhomboaster spineus
Rhomboaster sp.
Scapholithus rhombicus
Semihololithus biskayae
Semihololithus cf. S. kerabyi
Sphenolithus anarrhopus
Sphenolithus sp.
Sullivania californica
Sullivania consuetus
Sullivania "maxi* >15u
Thoracosphaera sp.
Toweius eminens
Toweius magnicrassus
Toweius sp.

Zygodiscus bramlettei
Zygrhablithus bijugatus
Arkhangelskiella cymbiformis

—
Cribrosphaera ehrenbergii )
Eiffellithus turriseiffelii g
Micula decussata =
Prediscosphaera cretaceae 3

-

Watznaueria barnesae

NP, Martini, 1971

snoajejal)

Tab. 1. Ermua section: Relative abundance,
degree of preservation of calcareous nanno-
fossils.

Paleocene-Eocene transition in N-Spain 7
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Fig. 4. Chemical nature of chlorite, Trabakua, Spain.
Ternary diagramm after Oinuma, Shimoda & Sudo, 1972.

Field ABDE indicates ferromagnesian chlorites. Field ABD = Iron excess in silicate layers. Field ABE = Iron excess in hydroxyl layers. Field BFCG indi-
cates aluminium chlorites. Field BCG = Aluminium excess in silicate layers. Field BCF = aluminium excess in hydroxyl layers.

barria et al. (1996) who had samples also from higher up in the
section.

Reworked Cretaceous coccoliths are very rare and include
only relatively solution resistant forms (Tab. 1).

Mineralogy

Trabakua Pass section

Bulk rock analyses of the Trabakua Pass section indicate that
calcite is the dominant component in the limestone-marl se-
quence between 0 to 9.3 m, with a mean value of 48% (Fig. 3).

In the upper more massive limestone-marl sequence, between
12.3 and 25.75 m, calcite averages 58%. The 3 m thick interval
of green/reddish clay (9.3 to 12.3 m) is marked by an abrupt
decrease in calcite to 2%. The dramatic decrease in calcite co-
incides with a corresponding increase in phyllosilicates, from
an average of 32-34% above and below the clay layer to an
average of 75% and a maximum of 83%.

Detrital minerals are a minor component of the sediments
and include primarily quartz, some plagioclase and K-feldspar.
Quartz averages 17% below the clay layer and 11% above it.
Within the clay layer, quartz content increases to 25% in the
lower half and decreases to an average of 17% in the upper

Paleocene-Eocene transition in N-Spain 9



half of the clay interval. Plagioclase and K-feldspar reach 3%
and 1% respectively in this interval. Hematite, a strong color-
ing agent, has been observed in the reddish layers of the clay
interval and may be responsible for the color. Under oxidizing
conditions, this mineral forms at neutral to high pH (Velde
1995).

These mineralogical changes across the clay layer probably
indicate a decrease in the primary productivity of carbonates
and variations in sediment sources and/or oceanic currents.

The composition of the clay mineral association (< 2 pm
fraction) varies strongly throughout the section with mica as
the dominant mineral, averaging 55% to 57%. In the clay
layer, mica increases to 67% (Fig. 3). Chlorite is present
throughout the section with an average of 19%, but decreases
in the clay interval to 9%. Kaolinite averages 3.5% (0 to 11%)
and is a minor component. Mixed-layer illite-smectite (IS) and
chlorite-smectite (CS) contents have mean values of 14% and
7% respectively. Smectite and rectorite contents are very low
(< 1%). The clay mineral distributions of the clay interval are
thus not significantly distinct from those in the rest of the sec-
tion. Only a slight increase in mica and decrease in chlorite can
be observed.

The chemical composition of chlorite is shown in ternary
diagrams (Fig. 4 after Oinuma et al. 1972) where the poles
14A, 7A and 4.7A indicate magnesian, iron and aluminium re-
spectively. The chemical nature of chlorite within the clay
interval depends on the grain size. Chlorite is aluminous in the
fraction < 2 pm and ferromagnesian in the fraction 2-16 pm.
The ferromagnesian chlorite in the fraction < 2 pm is restricted
to the field ABD which shows an iron excess in the chlorite’s
silicate layers. Two generations of chlorite can be observed, a
ferromagnesian and an aluminous generation which have two
origins, the first more important one detrital and the second
one diagenetic. Magnesium and iron released during the trans-
formation of smectite to illite could favor the formation of dia-
genetic chlorite (Hower et al. 1976). Kaolinite is also a poten-
tial source of Al and Si for aluminous chlorite formation dur-
ing burial diagenesis (e.g. Muffler & White 1969; Perry &
Hower 1970; Boles & Francks 1979).

Clay minerals generally reflect climatic conditions. For ex-
ample, high abundance of kaolinite indicates warm, or humid
climates, well-drained continental areas with high precipitation
and accelerated leaching of parent rocks (Millot 1970; Cham-
ley 1989; Weaver 1989). Increased chlorite and mica contents
indicate cold or arid (desert) conditions with active mechanical
erosion (Millot 1970). However, post-depositional diagenetic
alteration may obliterate or obscure the climate signal.

For example in the Trabakua section, the near absence of
smectite and the low kaolinite content (< 4%) are not linked to
climatic conditions, nor to a particular depositional environ-
ment, but to a diagenetic overprint. This is suggested by the
presence of diagenetic chlorite, mixed-layers chlorite/smectite
and illite-smectite, the near absence of smectite, rectorite and
kaolinite. The clay mineral contents of the Trabakua Pass sed-
iments thus indicate deep burial diagenesis that corresponds

10 M.-P. Bolle et al.

approximately to the end of zone 3 of Kiibler et al. (1979). In
contrast, the Zumaya section, located in the Basque basin
about 30 kilometers to the north-east, in a similar sedimentary
environment, has retained the climatic signals. In this section,
during the Paleocene-Eocene transition, the clay mineral com-
position consists of mica, mixed-layers illite-smectite, chlorite
and large amounts of smectite and kaolinite (Adatte et al.
1995). The presence of smectite and the increase in chlorite
and mica during the P-E transition suggest arid conditions in
the adjacent continental areas where kaolinite is absent. Kaoli-
nite would probably have been transported from lower lati-
tude by oceanic currents.

Ermua section

Bulk rock composition of the Ermua section shows high vari-
ability (Fig. 5). In the lower part of the section (0 to 16 m) cal-
cite is the dominant component in the hemipelagic marls and
the carbonate turbidites with a mean value of 42% and 31%
respectively. In the upper more massive carbonate turbidite se-
quence between 41 to 46 m, calcite averages 49%. Between
these lithologies (16 to 41 m), calcite content decreases drasti-
cally with a mean value of 4% in hemipelagic marls and 21%
in calcarenites. This decrease coincides with an increase in
phyllosilicates in the hemipelagic marls, from an average of
36% below the middle part of the section (16 to 41 m) to an
average of 67%. In the calcarenites, the phyllosilicates increase
also from a mean value of 21% to 57%. In the upper massive
limestone, the phyllosilicate content reaches an average of
35%. Detrital minerals are a minor component of the sedi-
ments and include primarily quartz, some plagioclase and K-
feldspar. Below 16 m, quartz averages in the hemipelagic marls
and in the calcarenites 17% and 36% respectively. Above 41 m
quartz reaches a mean value of 11%. Between 16 m and 41 m,
the proportion of quartz in the calcarenites decreases to a
mean value of 17% and increases in the hemipelagic marls to
an average of 25%. Plagioclase and K-feldspar are minor
throughout the section with a mean value < 6% and < 1% re-
spectively. Pyrite, goethite and apatite (phosphate) have been
observed in the sandstones between 25 m and 39 m indicating
a low oxygen environmental deposit.

Clay mineral contents also are variable throughout the sec-
tion. In the lower part of the section (between 0 and 16 m)
(Fig. 5) mica is the dominant mineral averaging 63 and 57% in
hemipelagic marls and in calcarenites respectively. In the mid-
dle part (1641 m) mica decreases with a mean value of 27% in
calcarenites and 51% in marls. In the upper more massive
limestones (41 to 46 m) mica increases to an average of 43%.
The decrease in mica coincides with an increase in chlorite

Fig. 5. Mineralogical composition (Bulk Rock and Clay Minerals, fraction
< 2 pm), Ermua, Spain.
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from an average of 17% to 74% in the calcarenites. In the
hemipelagic marls, chlorite increases only from 22 to 26%. In
the upper limestones (41 to 46 m), chlorite reaches a mean
value of 40%. Kaolinite is a minor component in the sediments
with a mean value < 2% between 0 and 16 m, an average of
14% and 6% in hemipelagic marls and calcarenites respective-
ly between 16 m and 41 m, and a mean value of 3% in the last
5 meters. Mixed-layer illite-smectite (IS) contents have a mean
value of 10% in the hemipelagic marls throughout the section.
In the calcarenites (0 to 16 m), the IS content attains an aver-
age of 6% and decreases to 2% between 16 m and 41 m.
Mixed-layer chlorite-smectite (CS) shows a mean value of
17% in the calcarenites and 7% in the hemipelagic marls
between 0 and 16 m. In the middle part the CS content de-
creases to an average of 1% in the two lithologies. The upper,
more calcareous sediments are marked by the absence of CS
and by an IS content with a mean value of 9%.

Major changes were observed in the interval between 16 m
and 41 m which is marked in the hemipelagic marls by an in-
crease in kaolinite and chlorite and an important decrease in
mica. In the calcarenites of this interval, mica and IS decrease
whereas chlorite and kaolinite increase. The relatively high
amount of kaolinite in the interval between 16 and 43 m sug-
gests that the sediments are less affected by burial diagenesis
and/or tectonic activity than in the Trabakua Pass section. In
the Ermua section clay minerals retain therefore climatic sig-
nals. Chlorite and mica indicate cold or arid (desert) condi-
tions with active mechanical erosion. In contrast kaolinite typ-
ically develops in tropical soils on poorly drained surfaces with
high precipitation. The joint increase of chlorite and kaolinite
between 16 m and 41 m and the higher content of kaolinite in
hemipelagic marls compared to calcarenites imply different
sources characterized by opposite climatic conditions and dif-
ferent ways of transport. Therefore, these mixed associations
suggest that arid conditions prevailed in the adjacent coastal
area whereas kaolinite was brought from lower latitudes by
oceanic currents.

Stable isotopes

Trabakua Pass section

Bulk rock carbonate was analyzed for § 1*C and 8 'O isotopes
in the interval between 3 m and 20 m at the Trabakua Pass sec-
tion (Fig. 6 and Tab. 2).

In sediments of the Trabakua section, carbonates are af-
fected by recrystallization/diagenesis which obscure, alter or
obliterate the & '80 signals, but not the § *C signals. Early dia-
genetic alteration of carbonate & 80 and & 13C of the K/T and
early Paleocene sediments in the Negev of Israel has been
studied by Magaritz et al. (1992). By comparing the isotopic
values from whole-rock and two fine fractions, these authors
concluded that & '3C signals were not significantly altered,
whereas & 130 signals were strongly affected by meteoric water
during early diagenesis. Dissolution and recrystallization often

12 M.-P. Bolle et al.

Tab. 2. Trabakua section: Analyses of stable isotopes (8 '*C and § '*0), total
carbon and calcite.

Samples 513C 3180 Total Carbon Calcite
(%0) (%)

TB14 2,54 -4.45 7598
TB19 252 -4,62 7.50 53,90
TB28 2,00 -4,63 7,12 56,49
TB34 1,68 -4,67 6,39 4536
TB38 1.88 -4.73 6,10 4595
TB40 1,69 -4,72 6,28 49.99
TB41 1.46 -4.99 4,99 40.08
TB42 1.87 -3.92 6,63 48,12
TB43 1,42 -4,80 587 57.61
TB44 1,06 -4.84 432 39.03
TB45 0,71 -4.66 2,77 26,32
TB46 0,92 -4.58 5,06 41,28
TB62 -0,59 -4,57 0,70 12,99
TB72 -1,14 -4,20 1,05 8,04
TB74 -1,42 -4,56 1,04 10.17
TB7S -1,00 -4,62 1.36 10.89
TB76 0,32 -4.75 6.01 47.87
TB77 0,85 -4,67 8,13 60,09
TB78 0,67 -4,45 6,74 56.99
TB79 1,03 -4.66 8,66 63,08
TB80 0,69 -4,40 117 57,76
TB81 1,04 -4,63 9,45 63,50
TB85 0,97 -4,48 7,72 62,00
TB90 1,27 -4,65 62,37
TB9S 0,84 -4.47 6,07 57,37

do not significantly influence the magnitude of the & '3C shift
in deep sea sequences whereas the primary oxygen isotope
is overprinted by diagenesis (Veizer 1983). 8 '80 values are
very negative (-3.8 to —4.9 %.) and constant throughout the
Trabakua section, thus indicating secondary recrystallization
or alteration by meteoric water.

Below the clay layer, between 3 m to 9.3 m, & 13C values
gradually decrease from 2.5 to0 0.95 %o. A similar decrease pre-
ceding the clay layer was also observed at Alamedilla, Spain
(Lu et al. 1996, Fig. 12). Within the clay layer & 1°C values de-
crease by 1.4%0 and reach minimum values (- 1.4%0) between
12.15 and 12.45 m. The absence of § 13C data in the lower part
of the clay layer is due to the very low carbonate content
(<2%). Between 12.45 m and 12.5 m, & 13C values rapidly in-
crease by 1.3%o.. Above this interval (12.65 m), bulk & 13C val-
ues gradually increase (0.8 to 1.2%o).

Bulk & 13C values correlate well with the carbonate curve
(Fig. 6). In both datasets, there is a gradual decrease below the
clay layer, an abrupt decrease within, and a gradual increase
above it.

Fig. 6. Stable isotopic changes (8 '*C and & '%0) across the Paleocene-Eocene
transition, correlated with Organic Matter, Total Carbon and Calcite varia-
tions, Trabakua, Spain.
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Ermua section

Bulk rock carbonate was analyzed for 8 '*C and & %0 isotopes
in hemipelagic marls between 0.2 m and 44 m in the Ermua
section (Fig. 7 and Tab. 3) in order to determine the presence
of a 8 13C shift correlative with the clay layer at Trabakua. Un-
fortunately, relatively few samples are rich in calcite and hence
isotopic data are of low sample resolution and low reliability in
some samples. However, the following trends can be tentative-
ly determined. Between 0 and 15 m where calcite averages
40% & '3C values gradually decrease from 1.4 to 0.6%o.
Between 16 and 41 m, where calcite is nearly zero (< 2%) & '°C
values are very low with an average of — 2.6%.. These very low
values of 8 '3C may be explained by the presence of lithologies
very poor in carbonates but enriched in organic matter. In the
limestone interval at the top of the section & *C values in-
crease from — 0.6 to 0.9%o.

At Ermua, the negative § '3C excursion occurs in the mid-
dle part of the Zone P4 contrary to the carbon-13 isotopic ex-
cursion in the upper part of PS5 in the Trabakua section within
a carbonate-poor clay layer. The two negative & '3C excursion
are thus not correlatable and cannot be used as chronostrati-
graphic markers.

As in the Trabakua section, oxygen isotope values (4.6 to
-5.7%o) reflect diagenetic alteration rather than original paleo-
temperatures.

Organic matter

Trabakua sediments are extremely poor in organic matter
(<0.10%): below 0.1% values are considered background
noise (Fig. 6). Only one sample within the clay layer reaches
0.197%. Ermua sediments have a relatively higher organic
content (Fig. 8), varying between 0.1 to 0.5%. In the hemipe-
lagic marls between 20 m and 40 m organic matter increases
from an average of 0.15% to 0.25% whereas in the calcarenites
it attains a mean value of 0.1%.

Oxygenation at the sea floor is controlled by the input of
organic matter (e.g. Calvert 1987), oxygen content of bottom
water, and circulation intensity. The oxygen depletion results
from oxidation of organic matter which sinks through the
water column, or is transported laterally (Wetzel 1991). An
oxygen-depleted environment favours the formation of re-
duced minerals like pyrite. The absence of organic matter at
Trabakua prevents the development of reducing conditions
and favours the formation of iron oxides like hematite, a min-
eral observed in the clay layer. In the Ermua section the pres-
ence of organic matter and of pyrite seem to indicate a more
reducing environment than at Trabakua.

Grain size

Grain size analyses in the Trabakua Pass section indicate that
an average of 44% of the grains are in the < 4 pm size fraction
which includes < 1 pm, 1-2 ym and 2-4 pum size fractions
(Fig. 8). However, in the clay interval an average of 52% is at-

14 M.-P. Bolle et al.

Tab. 3. Ermua section: Analyses of stable isotopes (8'*C and 3'%0). total car-
bon, organic matter and calcite.

Samples 313C 3180  Total Carbon Organic Matter Calcite
(%c) (%ec) (%) (%) (%)
ER2 145 -4.36 5.06 0,20 43,09
ER6 1,09 -4,30 443 0,22 38,07
ER14 1,18 -4,57 5.80 0.12 49,16
ER19 0,89 -4,54 50,24
ER20 0,78 -4,68 4,01 0,14 36,23
ER22 0,70 -4,50 7.19 0.11 62.88
ER23 0,60 -4,73 49,53
ER25  -2.82 -5.39 2,46 0,11 1791
ER40  -258  -501 6,79 0,19 13,52
ER49  -2,67 -5,11 6,14 0.11 2449
ER65  -2,06  -509 9,81 0,14 18,23
ER76  -243 513 14,54
ER77  -294  -5.66 2,36 0,20 18.39
ER79 081 -4,75 11,65 0,06 57,08
ER84  -064  -559 40,77
ER85 0,16 -4,57 8,10 0,08 47,16
ER86 0,51 -4,60 40,90
ER87 0,63 -4,87 10,44 0,10 38.21
ERS88 0,86 -4,32 3745

tained in the < 4 pm fraction. The larger fraction 4-8 pm aver-
ages 38% throughout the section. The coarser grain fractions
(between 8 and 32 um) average 16% between 0 and 9.25 m
and 18% in the interval between 12.45 m and 25.7 m. The
coarse fraction decreases to an average of 10% in the clay
interval. The decrease in the grain size in the clay interval sug-
gests changes in ocean currents and/or reduction in the inten-
sity of atmospheric circulation.

Geochemistry
Trabakua Pass

Significant changes occur in the clay layer of the Trabakua
Pass section in all major components (Fig. 9). For example,
calcium averages a mean value of 23% and 27% below and
above the clay interval respectively, but decreases to 3% with-
in the clay layer (9.3 to 12.3 m). Strontium averages 0.05% cx-
cept in the clay layer where values decrease to 0.002%. Manga-
nese averages 0.09% above and below the clay layer, but

Fig. 7. Stable isotopic changes (8 '*C and 8 '*O) across the Paleocene-Eocene
transition, correlated with Organic Matter, Total Carbon variations, Ermua,
Spain.
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decreases to an average of 0.008% within it. Iron increases
only slightly (1.8% to 2%) in the clay layer, and decreases to
about 1% in the upper marl/limestone interval. Mg averages
between 0 and 9.3 m 0.45% and decreases to 0.3% between
9.3 and 26 m. Potassium averages 0.04% except in the clay
interval where it reaches 0.07%.

Thus, calcium, strontium and manganese have parallel
trends with very low values (near zero) in the clay layer and
higher though variable values above and below. Calcium is
mainly present in limestone and a decrease to near zero in the
clay layer coincides with the decrease in carbonates in this
interval (9.3 to 12.3 m). Strontium co-precipitates frequently
with aragonite and calcite (Handbook of Geochemistry 1978)
and the parallel trend indicates that Sr is associated with cal-
cium in the carbonate fraction. The higher Mn abundance in
carbonate rocks is probably derived from diagenetic mobiliza-
tion of Mn under reducing conditions. The decrease of Mn as-
sociated with the decrease of Ca and Sr in the clay interval
may indicate significant changes in the reducing conditions
during sediment deposition. The ratios of Mn/Sr and Mn/Ca
which are very high in the clay interval (Fig. 10) indicate prob-
ably an increase of Mn during the Paleocene-Eocene transi-
tion. The origin of this manganese could be linked to the in-
crease of the volcanic activity in the North Atlantic during this
period (Ritchie & Hitchen 1996).

Magnesium is present in the sediments mainly in phyllosili-
cates, such as chlorite. The decrease in Mg in the clay layer
corresponds to a decrease in chlorite as described in the discus-
sion of the clay minerals (Fig. 3). Potassium in carbonate sedi-
ments is almost exclusively contained in the non-carbonate
fraction. In the Trabakua Pass section, the K fraction is con-
tained within the siliceous detritus that is present in marls and
limestones above and below the clay layer. Within the clay
layer, the K fraction is primarily a function of the clay mineral
content and secondarily the amount of K-feldspar.

Detrital influx plays an important role in the supply of K,
Mg and Fe to the ocean sediments. The increase of these ele-
ments across the Paleocene-Eocene transition is due to the in-
creased detrital accumulation in this interval. Major changes in
these minerals associated with clay deposition suggest changes
in sediments source and/or oceanic circulation.

Ermua

Significant changes occur throughout the Ermua section in all
major components (Fig. 11). In the calcarenites calcium and
strontium values are very constant with respectively an aver-
age of 15% and 0.03% throughout the section. In the hemipe-
lagic marls, calcium and strontium average between 0 m and
16 m respectively 16% and 0.03% and decrease drastically in
the middle part (16 m to 41 m) with a mean value of 3% and
0.004% respectively. In the upper more massive limestone (41
to 46 m), calcium averages 25% whereas strontium reaches a
mean value of 0.06%. Between 0 and 16 m, manganese averag-
es 0.03% in the two lithologies but increases with a mean value
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of 0.49% only in the calcarenites between 16 m and 41 m. In
the upper calcareous sequence, Mn has a mean value of 0.06%.
Potassium decreases from an average of 0.05% below the mid-
dle part to an average of 0.02% in it in the calcarenites and
from a mean value of 0.1% to 0.08% in the hemipelagic marls.
Iron and magnesium average 0.54% and 2.4% respectively in
the marls throughout the section. In the calcarenites Mg and
Fe increase strongly between 25 m and 39 m from a mean
value of 0.33% and 1% to 1.3% and 11% respectively. In the
upper massive limestone, K, Mg and Fe reach an average of
0.03%, 0.57% and 0.94% respectively.

Thus, calcium, strontium and manganese have parallel
trends in the hemipelagic marls with very low values between
16 m and 41m and higher though variable values above and
below. Calcium decreases to 2% in the middle part coinciding
with the decrease in carbonates in this interval (16 m to 41 m).
Strontium is associated with calcium in the carbonate fraction
and manganese is one of the few minor elements which is more
abundant in carbonates than in the detrital fraction.

The calcarenites seem not affected by the decrease of the
carbonate sedimentation observed in the marls. Between 25 m
and 39 m Fe and Mg increase strongly in the sandstones. The
presence of pyrite and goethite described in the bulk rock
analyses and the presence of low oxygen tolerant benthic
foraminifera indicate low-oxygen environment and explain the
very high content of iron. High magnesium content is linked to
the increase of chlorite described in clay minerals (Fig. 4) dur-
ing this interval and its origin is detrital.

Discussion

The P/E transition is globally characterized by a mass extinc-
tion in benthic foraminifera, diversification in planktic forami-
nifera, an abrupt negative 8 '3C excursion, a decrease in cal-
cite, an increase in detrital minerals and negative anomalies in
Sr and Mn, all of which are present also in the Trabakua sec-
tion. Moreover, the Trabakua clay layer is more expanded
than in deep-sea sections where this interval is concentrated in
a few to a few tens of centimeters, However, this interval
seems still to be condensed at Trabakua as suggested by the
presence of glauconite. Isotopic, geochemical and mineralog-
ical bulk rock analyses of the P-E transition at Trabakua give
similar results as those obtained at Caravaca and Alamedilla,
located in the Tethyan Realm (Fig. 12). At the coeval Ermua
section, these characteristic trends can not be identified (Fig.
12). The turbiditic sedimentation with its low content of carbo-

Fig. 12. Biostratigraphic correlation between Trabakua and Ermua, Atlantic
realm and Alamedilla and Caravaca, Tethyan realm. Correlations are based
on planktic foraminiferal datum events. The shaded interval corresponds to
the carbon-13 isotopic excursion. The Alamedilla data are from Lu et al.
(1996). The Caravaca data are from Ortiz (1996).
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nates and high content of clays in the hemipelagic marls asso-
ciated with organic matter seems to obscure or obliterate the
isotopic and geochemical signals.

Stable isotope and biostratigraphic data show that the Tra-
bakua section is relatively complete (see also Orue-Etxebarria
et al. 1996). During the latest Paleocene (Zone P5). the ocean-
ic carbon reservoir changed dramatically, beginning with a
gradual decrease by 1.0%o0 of & '*C values in the lower part of
Zone PS5, followed by a 3%o decrease in the clay layer in the
upper Zone PS5 interval. In the limestone overlying the clay
layer, 8 '*C values rapidly increase by 2.5%0 and remain steady
upsection. The decrease in & '3C values in the clay layer coin-
cides with a reduction in carbonate to near zero. A similar iso-
topic profile has been observed in the Alamedilla section of
southern Spain (Fig. 12) where Lu et al. (1996). first noted that
the rapid excursion in the clay is preceded by a gradual prelude
decrease and followed by a gradual recovery. The gradual pre-
lude decrease, rapid excursion and gradual recovery are ac-
companied by similar trends in calcite concentrations in sedi-
ments (Fig. 6). The concomitant decrease in § '3C and calcite
values can be explained by a decrease in primary productivity.
Detrital influx, particulary quartz, plagioclase, K-feldspar,
phyllosilicates, increased in the clay interval whereas grain size
decreased. These changes in detrital influx suggest variations
in source rocks and in the intensity of weathering and erosion.
This oceanographic event is observed globally and is accompa-
nied by a major mass extinction in benthic foraminifera
(~ 50% species extinct) and a major faunal turnover in plank-
tic foraminifera (e.g. Thomas 1990; Lu & Keller 1995a, 1995b:
Lu et al. 1996; Ortiz 1996; Thomas & Shackleton 1996).

Clues to environmental conditions in the Pyreneean basin
during the P-E transition can be gleaned from clay minerals.
Clay mineral assemblages, if not altered by deep burial, reflect
continental morphology and tectonic activity linked to the
structural evolution of the margins, as well as climatic evolu-
tion and associated variations of atmospheric and/or marine
circulation (Robert & Chamley 1987). Moreover, detrital clay
mineral compositions in marine sediments record qualitative
signals of regional climatic changes (Millot 1970; Chamley
1989). For instance, kaolinite forms abundantly in soils of
intertropical land masses characterized by warm, humid cli-
mates. Kaolinite abundance increases toward the Equator in
all oceanic basins (Chamley 1989). In contrast, detrital chlorite
increases toward cold latitudinal zones parallel to the decrease
of continental hydrolysis. Chlorite forms also in cold and dry
or frozen regions. Mica tends to increase toward high latitudes,
similar to chlorite, which reflects decreased chemical weather-
ing and increased mechanical erosion under cold climatic con-
ditions (Chamley 1989).

Although clays in the Trabakua and Ermua sections have
undergone significant burial diagenesis, mica and chlorite are
partly detrital, indicating that the adjacent areas were charac-
terized by a dry climate. Sediments at Ermua contain higher
kaolinite percentages in marls (15-23%) than at Trabakua
where kaolinite does not exceed 8%. At Ermua, in calcarenites
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which contain reworked shallow-water carbonate platform
sediments, kaolinite reaches a maximum of 10% and averages
7%. These data suggest that the kaolinite is transported by
oceanic currents and does not come from adjacent land areas.
In the Zumaya section, kaolinite first appears 6 m below the
Paleocene/Eocene transition and rapidly disappears upward.
The presence of kaolinite close to coastal areas and the extinc-
tion of benthic foraminifera are likely to be the result of a glo-
bal turnover in oceanic circulation (Adatte et al. 1995).

Trabakua Pass section: a potential Paleocene/Eocene GSSP?

The Paleocene/Eocene boundary is usually placed at the P5/P6
(Berggren et al. 1995) zonal boundary by planktic foraminifer-
al specialists. Calcareous nannoplankton specialists generally
use the NP9/NP10 zonal boundary. Designation of suitable
markers for this boundary and the problems associated with
chosing an oceanographic event as marker, are currently in-
vestigated and examined by workers of the IGCP Project 308
(Paleocene/Eocene Boundary Events in Time and Space) (see
Berggren & Aubry 1995: Aubry et al. 1995; Berggren et al.
1995).

A potential GSSP candidate section for the P/E boundary
has to fulfil certain conditions suggested by the International
Commission on Stratigraphy. These conditions include: a) casy
access, b) open marine sedimentation, ¢) continuous sedimen-
tation across the boundary. d) absence of synsedimentary and
tectonic disturbances, ¢) absence of redeposition or diagenetic
alteration, f) abundance and diversity of well preserved fossils.
and g) good magnetostratigraphic and isotopic records
(Remane et al. 1997).

Previous reports on the Trabakua section concluded that
most of these conditions were satisfied and that Trabakua
could be considered as suitable global stratotype section and
point (Coccioni et al. 1994: Orue-Etxebarria et al. 1996). Our
study partly concurs with this assessment insofar as the global
biostratigraphic, geochemical and isotopic markers arc
present. However, the section is not ideal for several reasons.
1) Microfossils are very poorly preserved, phosphatized, re-
crystallized or completely replaced by diagenetic calcite. The
poor preservation and often sporadic occurrence makes it diffi-
cult to positively identify species. This is a serious problem
which we observed in trying to reproduce the biostratigraphies
of Coccioni et al. (1994) and Orue-Etxebarria et al. (1996) in
the same section. As stratotype, Trabakua would necessarily
cause problems when correlating this section with well-pre-
served faunas and floras of other sections. Moreover. no paleo-
temperature signals can be obtained from the recrystallized
calcite of the Trabakua section. 2) Sedimentation across the
clay layer may be discontinuous, as suggested by the presence
of glauconite. 3) The clays are affected by deep burial diagene-
sis corresponding approximately to the upper part of Zone 3
(> 100 °C) of Kiibler et al. (1979). We conclude therefore that
the Trabakua Pass section is not an optimal stratotype for the
Paleocene-Eocene transition.



Conclusions

Expanded sedimentary records from Trabakua, Spain, reveal
unique faunal, isotopic, geochemical, mineralogical and sedi-
mentary compositional changes across the Paleocene-Eocene
(P-E) transition. Unlike in the open oceans, the Trabakua sec-
tion exhibits a gradual decrease of 1.3%. in & '3C values prior to
the rapid 8 '3C excursion. Associated with the 8 '3C excursion
is a decrease in calcite preservation, increase in detrital content
and reduction in the grain size.

These major changes across the P/E transition are ex-
plained by a reduced intensity of sea-surface circulation with a
concomitant decrease in the primary biological productivity.
The decline in carbonate productivity is partially reflected in
the negative shift of & '*C values which occurred exactly at the
same time.

The increase in detrital minerals together with a decrease
of grain sizes across the P/E transition indicate changes of glo-
bal oceanic currents and/or reduction of the intensity of atmos-
pheric circulation probably associated with changes in sedi-
ments sources.
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