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INTRODUCTION 

The stratigraphic section chosen for the field trip is easily accesible 
since exposure occurs along San Telmo beach, just north of the township of 
Zumaya (Guipúzcoa province, northern Spain). (Fig. 1). Lithologically the lower 
Paleocene consist of about 50 metres of limestones with intercalated thin marl 
layers, the upper Paleocene is composed of about 120 metres of marls with 
interbedded limestones and calcarenite strata, and marls in the uppermost part. 
Turbidite strata are rare across the Paleocene stage boundaries and 
Paleocene/Eocene boundary, but beco me common in the upper part of the 
section from the M. subbotinae Biozone (Early Eocene) and in the upper 
Cretaceous. 

The Paleocene and Early Eocene sedimentation in the Pyrenean Basin 
appears relatively continuous although there are differences between the 
sections. The Zumaya section was deposited in the deep part of a basin which 
outcrops along the beaches at the northern coast range of the iberian península. 
The lithology and geologic setting of the Zumaya section was described in detail 
by Hillebrandt (1965) and Pujalte et al., (1989). The depositional sequences have 
been established by Pujalte et al. (1993; 1994; 1995). Orue-Etxebarria and 
Lamolda (1985) studied the paleogeography of the Basque-Cantabrian basin by 
means of planktic foraminifera from the Paleocene to Middle Eocene and they 
concluded that deposition ocurred in a tropical to temperate province during the 
Paleogene. Futhermore, Orue-Etxebarria et al. (1996) have published an 
integrated biostratigraphy in other sections of the Basque Country (Ermua and 
Trabakua Pass), which are reference sections for the Paleocene/Eocene 
boundary. Excellent reference sections are also the Campo and Tremp sections in 
the area of the Ilerdian stratotype (Molina, 1994; 1996; Molina et al., 1992; 
1995; 1996). 

Hillebrandt (1965) first published a significant biostratigraphic analysis of 
the planktic foraminiferal fauna from the Zumaya section but did not discuss 
details across the Paleocene stage boundaries and Paleocene/Eocene boundary. 
Planktic foraminifera and calcareous nannofossils are the major fossil 
components in the sediments across the Paleocene-Eocene boundary at Zumaya 
section. Benthic foraminifera and ostracodes occur in low percentage (<10%). 
Larger foraminifera and other macrofossils are very rare. Reworked fossils are 
extremely rare and only occur in the turbiditic levels, which are very well 
localized. 
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PALEOCENE STAGE BOUNDARIES 

One of the most promising sections for providing GSSP's for the 
Paleocene stage boundaries is the Zumaya section (Molina, 1994; 1996, Schmitz 
et al., 1996). This section consists of an expanded about 160 metres thick and 
biostratigraphically complete PaJeocene record (Fig. 2). The Zumaya section is 
an important link between the historical stratotype sections and the expanded 
Paleocene sections at low-middle latitudes in the Tethys and Atlantic Ocean. 

According to Rosenkrantz (1924) (fide Schmitz et al., 1996) the original 
basal Selandian in Denmark was defined at a major lithological shift, from 
greyish white, oxic limestone/chalk to suboxic greensand overlain by grey marl 
and clay. The limestone/chalk deposition prevaiJed throughout the entire 
Maastrichtian and Danian. After the Danian-Selandian transition, grey marls and 
clays dominated the sedimentation in Denmark for several million years. In 
terms of calcareous nannoplankton zonations, the basal Selandian in Denmark 
f alls in the upper part of Zone NP4 or lower NP5(Thomsen, 1994 ). 

Consequently, at Zumaya the base of the Selandian appears to correspond 
to a package of red marls forming a 3.4 metres thick transition interval from 
reddish limestone-marl couplets below to grey marls above, about 55 metres 
above the Cretaceous/Tertiary boundary. This lithological shift is one of the most 
prominent in the Zumaya section. Tltick reddish limestones with sorne marl 
layers dominate the lower 45 metres of the Danian. They are followed by sorne 
10 metres of reddish lirnestone-marl couplets. The overlying 3.4 metres of red 
marls change abruptly into grey marls, which thereafter persist for sorne 25 
metres. A varied grey marl-limestone lithology characterizes the remainder of 
the Paleocene. 

The entire Paleocene of Zumaya section has been analyzed for stable 
isotopes in whole-rock samples (0.25 to 0.5 metres spacings). In the interval in 
which the basal Selandian may be defined, there is a negative é)13C shift of about 
1 per mil (Schmitz et al., 1996). The Danian/Selandian boundary is a prominent 
event in term of é)l3c, nannofossils and foraminifera (Fig. 3). 

Planktic foraminifera were studied by Arenillas et al. (1993), Arenillas 
and Molina (1995; 1996) and Arenillas (umpublish Ph. D. thesis). (Fig. 4). Near 
oT at the base of the red marls four species have their last appearance 
(Eoglobigerina trivialis, Acarinina indolensis, Acarinina kubanensis and 
Morozovella tadjikistanensis), and two species have their first occurrence 
(Morozovella crosswickensis and Chiloguembelina crinita). In the red marls, or 
just above these, Subbotina velascoensis has its first appearance. Genus 
Morozovella strongly decreases at the Danian/Selandian transition that is 
characterised by three levels in which the percentage of planktic foraminifera 
decreases and the percentage of the small benthic foraminifera increases 
(Arenillas and Malina, 1996). In coincidence with the upper two levels there is 
an increase of the genus Chiloguembelina which proliferates when oxygen 
mínimum zones are well developed (Arenillas and Molina, 1995). Consequently, 
these data support the correlation of the Zumaya grey marls with the basal 
Selandian stratotype grey suboxic clay/marl. As the upper part of Morozovella 
angulata Biozone (P3a) <loes not correspond to the Danian we have used a new 
biozone called Morozovella crosswicksensis to divide the M. angulata Biozone. 
The base of the new biozone approximately coincides with the base of the red 
marls. This is the main event in term of planktic foraminifera, but one meter 
above, in coincidence with the appearance of the nannofossil F. tympaniformis, 
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Fig. 2.- Integrated stratigraphy of the Paleocene at Zumaya section (modified from Molina, 1994) 
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Fig. 3.- Integrated stratigraphy across the Danian/Selandian boundary at Zumaya section (modilied 
from Schmitz et aL, 1996) 



Subbotina velascoensis has its first appearance, which could be also used to 
define the Danian/Selandian boundary. 

The calcareous nannofossils at Zumaya were studied by Kapellos (1974) 
and restudied by Von Salis in Schmitz et al. (1996). The first representatives of 
the genera Sphenolithus and F asciculithus were found in the red limestone-marl 
couplets, that also include occasional Ellipsolithus macellus, and thus can be 
assigned to the upper part of NP4 Zone. The lowermost Fasciculithus 
tympaniformis, the marker for the base of NP5 Zone, was observed 75 
centimetres above the lithologic change to the red marls, while the lowermost 
occurrence of typical Neochiastozygus perfectus was noted at the very base of 
the red marls. A sharp decrease of Braarudosphaera bigelowi s.l. accompanies 
the lithologic shift from the reddish limestone-marl couplets to the red marl. No 
major change in nannofossil flora was found at the shift from red to grey marl, 
however, a sharp increase in the abundance of microscopic dolomite rhombs was 
observed (Fig. 3). 

Consequently, there are a number of arguments in favor of that the 
transitions from dominantly oxic limestones to grey suboxic marls or clays in 
Denmark and Spain reflect the same event. The nannofossil data show that at 
both sites the lithological shifts occur near or at the trasition from Zone NP4 to 
NP5. Moreover, the finding of Neochiatozygus perfectus at the base of the red 
marls at Zumaya concurs with its first appearance in Denmark in the uppermost 
metres of the Danian (Thomsen, 1994). Pujalte et al. (1994) suggest that one of 
the most important sequence boundaries in the Zumaya section occurs in the 
interval in which we think that the basal Selandian occurs. This is the boundary 
between depositional sequences DS4 and DS5 according to their sequence 
boundary as the one marking the unconformity at the Danian-Selandian 
boundary in Denmark, and which represents the Se-1 sequence boundary in the 
chart of Hardenbol (1974). The sequence boundaries may not be correlatable 
woldwide, it is likely that at least regionally, along the northeastern Atlantic 
coast the same sea-level changes are registered by the strata. 
Magnetostratigraphy shows that the upper part of the limestone-clay couplets at 
Zumaya belongs to the Chron C26r (Roggenthen, 1976), whicb is the same chron 
preliminarily assigned for the basal Selandian in Denmark (Ali et al., 1994). It is 
noteworthy that the basal Selandian interval at Zumaya is situated about 1 O 
metres above the boundary between the P. uncinata (P2)/M.angulata (P3a) 
planktic foraminiferal zones, which in the general stratigraphic sheme of 
Berggren et al. (1995) is considered to correspond to the Danian/Selandian 
boundary. 

The base of the Thanetian in its original type area is an unconformity 
dated to the upper part of Zone NP6 (Aubry, 1994; Knox, 1994 ). The 
prelinúnary nannofossil data suggest that the NP6 zone corresponds 
approximately to tbe interval around 100 metres above the Cretaceous/Terciary 
boundary at Zumaya section. In term of planktic foraminifera the base of the 
Thanetian is been classically placed in tbe lower part of P. peudomenardii Zone 
(P4). 

Apparently, in Zumaya there is no important sequence boundary near or 
within this interval (Pujalte et al., 1994). The closed sequence boundaries are the 
above mentioned DS4/DS5(Danian/Selandian) boundary and the DS5/DS6 
boundary at about 145 metres above the Cretaceous/Tertiary boundary. The 
DS5/DS6 boundary occurs in NP9 Zone above the Thanetian in England and 
corresponding to the basal Ilerdian in Spain. According to Arenillas and Malina 
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(1995) and Arenillas (umpublish Ph. D. thesis) in the lower part of L. 
pseudomenardii Biozone there are very relevant changes in the planktic 
foraminifera warm/cold index at Zumaya section, indicating an increase in 
temperature across the Selandian{fhanetian boundary (Fig. 5). 

PALEOCENE/EOCENE BOUNDARY 

The lower part of the Paleocene-Eocene (P-E) transition at Zumaya 
consists of about 17 metres of homogenous grey marls; the upper part consists of 
more than 30 metres of grey marls alternating with grey limestone beds. A 
prominent one-meter-thick grey sandy limestone bed interrupts the marl 
sequence. A turbidite (8 centimetres thick) is found in the lower part of the grey 
limestone bed. Such turbidites are very rare in the Paleocene-Eocene interval. 
The limestone is overlain by 45 centimetres thick dark marl layer, which is 
succeeded by a 4 metres interval of red clay that marks the benthic foraminiferal 
mass extinction and o13c shift. The clay interval is devoid of original calcite 
except for a thin calcareous interval in the middle part. 

Placement of the I_>aleocenelEocene (PIE) boundary has not been officially 
defined. By convention; many biostratigraphers used to place this boundary at 
the extinction of Morozovella velascoensis that marks the P5/P6a boundary and 
is assigned an age estímate of 54.7 Ma (Berggren et al., 1995). Since the last 
occurrence of M. velascoensis appears diachronous and this species is not 
present in lúgh latitudes or in shallow ections, this datum is a very poor marker 
for a major series boundary. The Pseudoshastigerina "datum" has also been used 
by sorne authors to define the Paleocene/Eocene boundary, but the 
Pseudohastigerina first appearance i.s very diachronous (Molina et al., 1992, 
Canudo & Molina, 1992; Pardo et al., 1994). The Pseudohastigerina wilcoxensis 
first appearance is not a reliable datum, since it appears later in high latitudes and 
because of the difficulty in discriminating it from its ancestor Globanomalina 
ova lis. The 813 C excursion, which has been determined to be globally 
synchronous and coincides with a major mass extinction in benthic foraminifera 
(Kennett and Stott, 1991; Kaiho, 1991; Pak and Miller, 1992) appears to be the 
best and most reliable marker horizon for the Paleocene/Eocene boundary. 
Consequently, we have placed the PIE boundary at this o13c excursion and 
extinction in benthic foraminifera (BB l/BB2 Zone of Berggren and Miller, 
1989). 

The Zumaya section contains the most biostratigraphically complete 
Paleocene-Eocene transition known to date, with about 30 metres representing 
Zones P5 and P6a of Berggren and Miller (1988), which correspond to Zone P5 
of Berggren et al. (1995) and to the lgorina laevigata and Morozovella 
velascoensis Biozones of Arenillas and Malina (1996). This represents the most 
expanded interval for this zone known to date in deep sea sections. By 
comparison, Zone P6a is represented only by 1.2 m in the Pacific Ocean deep­
sea Site 577 (Miller et al., 1987), by 6.4 ro in tbe Bay of Biscay Site 401 (Pardo 
et al., 1995; 1996; Arenillas et al., 1996) and by 6.5 m for Zones P5 and P6a 
combined (Pak and Miller, 1992). 

Ranges of selected index species and the planktic foraminiferal 
biozonations are illustrated in Figure 6 along with the ()13C · and a1so curves. 
The oBC excursion coincides with a 45 centimetres thick dark grey shale layer, 
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increased carbonate dissolution and the extinction of over 50% of the benthic 
foraminifera (Ortiz, 1993; 1995; Canudo et al., 1995; Schmitz et al., in press). 
No significant planktic foraminifera species turnover is apparent across the clay. 
The most important change across the PIE boundary is the strong increase in the 
relative abundance of Acarinina, reaching the highest values just above the 
benthic extinction in the marl interval interbedded in the clay. It is notable that 
the Acaninina increase is already apparent 20 centimetres below the benthic 
extinction. 

The ranges and relative abundances of all planktic foraminiferal species 
are illustrated in Figure 7. The Paleocene-Eocene transition is characterized by a 
gradual species turnover with about 30% (17 species) of the taxa terminating and 
about 20% (12 species) originating primarily in this intervaJ. The lower 10 
metres (J. laevigata Biozone) is characterized by the gradual disappearance of 8 
species and the appearance of 6 pecies. Tbe Paleocene/Eocene boundary is 
marked by the simuJtaneous desappearance of 4 species. Tbe upper 20 metres 
(M. velascoensis Biozone) i.s characterized by the gradual appearance of 6 
species and tbe desappearance of 5 species at the top of this zone (Fig. 7). 

Biostratigraphic interpretation of Zumaya is based on planktic 
foraminifera following numerical zonations of Blow (1979), Berggren and Miller 
(1988) and the last revision of Berggren et al. (1995). In order to avoid confusion 
inherent to sucesive changes in numericaJ zonations we recongnized the clas ical 
biozonatlons of Hillebrandt (1965), Tourmarkine and Luterbacher (1985) and the 
new biozonation of Arenillas and Molina ( 1996). It has been proposed that Zone 
P5 be eliminated because the defining datum events, L. pseudomenardii LO and 
M. subbotinae FO, may even overlap dueto diachroneity (Blow, 1979, Canudo 
and Molina, 1992a). This may give the erroneous impression of a hiatus with 
Zone P5 missing. Since the Spanish sections must be correlated to coeval 
sections worldwide where the P-zonation of Berggren and Miller (1988) has 
been used, our biostratigraphic interpretation here also follows this zonation. 
Nevertheless, in order to improve the biostratigraphical ressolution we have 
further divided the classical M. velascoensis Biozone: Igorina laevigata Biozone 
and Morozovella valascoensis Biozone (Arenillas and Molina, 1996). This 
division has the advantage of a higher resolution and the coincidence of the zonal 
boundary with the small benthic foraminiferal extinction. 

Benthic foraminiferal data from Zumaya indicate that deposition across 
the P-E transition occurred probably in a middle or lower bathyal environment. 
This is indicated by the presence of many species which have upper depth limits 
between 600 m. and 1500 m. (e.g. Spiroplectammina spectabilis, B. jarvisi, 
Cibicidoides hyphalus, Stensioina beccariiformis, Bulimina velascoensis, B. 
trinitatensis, B. tuxpamensis, C. pseudoperlucidus, Nuttallides truempyi, 
Oridorsalis umbonatus, Morkoven et al., 1986). Planktic foraminifera represent 
more than 85% of the foraminiferal fauna. The presence of common C. 
pseudoperlucidus and S. beccariiformis in the L. pseudomenardii and /. 
laevigata Biozones prior to the ()13C shift indicates well oxygenated waters 
(Kaiho, 1991) and the common occurrence of Cibicidoides spp. suggests a high 
influx of terrestrial organic carbon (Boersma, 1985, Ortiz, 1993;1994). 

The extinction of over 50% of the benthic taxa coincides with the 813C 
excursion and deposition of dark grey to brown shale layers with low carbonate 
content and strong foraminiferal dissolution. At Zumaya, a low diversity 
agglutinated assemblage and high abundance of Bulimina tuxpamensis suggest 
low oxygen conditions and waters undersaturated in calcium carbonate during 
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the oBC excursion. During the following interval of low oI3C values, high 
abundance of N. truempyi (47%) suggests a retum to more oxygenated waters 
(Ortiz, 1993; 1995, Canudo et al., 1995). 

Calcareous nannofossil were studied by Kapellos (1974) establishing the 
biozonation from the uppermost Cretaceous to the upper part of the Early 
Eocene. The Paleocene-Eocene transition is being studied in detail by Angori 
and Monechi and a preliminary biozonation was previously established by 
Aubry. According to Angori and Monechi the NP9/NP10 boundary is located 5 
metres above the benthic foraminiferal mass extinction (Angori and Monechi, 
1995, pers. comm.) and according to Aubry the same boundary is placed more 
than 20 metres above the benthic foraminiferal mass extinction (Aubry, 1990, 
pers. comm.) in coincidence with the CP8/CP9 boundary, but this boundary <loes 
not coincide with the NP9/NP10 boundary. This divergence is dueto a different 
interpretation of the index species and not to a hiatus or condensation above the 
Paleocene/Eocene boundary at Zumaya section. 

Dinoflagellates were studied by Nuñez-Betelu (1993, in press) 
establishing the biozonation of the Paleocene-Eocene transition at Zumaya 
section. The following zones were recognized: A. hiperacanthum Biozone across 
the Paleocene/Eocene boundary and W. astra Biozone above the dissolution 
interval in the lower Eocene. These results are similar and can be easily 
correlated to the nearby sections of Ermua and Trabakua Pass (Orue-etxebarria et 
al., 1996). 

Chemical element (Ir, Fe, Se, Ni, Co, Se, Sb, Cr, Rb, Cs, Ce, Hf, and Th) 
concentration were analyzed with the Luis W. Alvarez-Iridium Coincidence 
Spectrometer. The stable isotope analyses were performed on bulk samples, 
using a VG Prism Series 11 mas spectrometer with an lsocarb automated 
carbonate preparation system (Schmitz et al., in press). It appears that at Zumaya 
the negative DBC shift associated with the benthic extinction begins to evolve 
gradually somewhere between 20 to 40 centimetres below the base of the 
dissolution clay (Fig. 6). Based on sedimentation rate calculations it appears that 
the benthic mass extinction event at Zumaya occurred about 6 to 25 kyrs after 
the initiation of the sea-water oBC shifts. 

There are two paleontological arguments in favor of that the oBC gradual 
change reflect the initiation of the events leading to the benthic mass extinction. 
According to Speijer in Schmitz et al. (in press) at Zumaya there is a 15 
centimetres offset between the LAD's of G. beccariiformis and the other 
benthics. Secondly, in the calcareous intervals of the dissolution clay an unusual 
planktic foraminiferal fauna exists, with acarinids, in particular A. wilcosensis 
and A. acarinata, showing major abundance peaks. These two species, however, 
already show their first strong abundance increase in a sample from the greenish 
marls at 20 centimetres below the benthic extinction. The ()180 values lie 
relatively stable throughout the marl and limestone part of the section, with most 
values in the range -3.5 to -4 per mil. In the clay interval, however, ()180 shows a 
widely scattered distribution, ranging between -2.6 to -6.6 per mil. These 
isotopic shifts has been atributed to a change in the source regions of global 
deep-water from the high latitudes to subtropical regions in connection with a 
high-latitude warming event. Warm, saline surface water began to spread all over 
the global see floor, leading to benthic faunal tumovers (Kennett and Stott, 1991; 
Schmitz et al., in press) and producing a major sea level rise (Molina et al., 
1994). 
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In conclusion, the Zumaya section is located in a very accesible place, has 
a very continuos, expanded, well exposed, and very good paleontological and 
geochemical records. Consequently, this section is considered as one of the best 
candidates to define the Paleocene/Eocene boundary stratotype. Futhermore, the 
definition of the Paleocene stage boundaries (Selandian and/or Thanetian) in the 
same section represents a unique and advantageous opportunity. 
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