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The Zumaya section in Spain: A possible global stratotype section
for the Selandian and Thanetian Stages®
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with 3 figures

Introduction

The Paleocene Working Group was established in September 1993, its aim being to define Glo-
bal Stratotype Sections and Points (GSSP’s) for the Selandian and Thanetian stages (ScaMITZ
1994; and accompanying symposium proceedings in GFF, v. 116, p.39-67). Multiparameter
stratigraphical records through sections in the historical stratotype arcas in Denmark (Seland-
1an) and England (Thanetian) as well as in Spain, Israel, Egypt, and Tunisia, are being prepared
by various groups.

One of the most promising sections for providing GSSP’s for the Selandian and Thanetian
stages 1s the section at Zumaya in the Basque region of northern Spain (Morina 1994) (Fig. 1).
This section is easily accessible and consists of an expanded sequence (about 160 m thick) with
a biostratugraphically complete Paleocene record. The historical Paleocene stage boundaries in
the North Sca area were defined at unconformities corresponding to sequence boundaries
(HarDENBOL 1994, Knox 1994a). In the Basque region, there are many Palcocene sections that
were deposited in a variety of sea-floor conditions and water depths (carbonate platform to
outer slope). Studies of these sections and the Zumaya section have established a sequence
stratigraphic framework (PUjALTE et al. 1994), which can be used for further correlations with
the original North Sea stratotypes. The Zumaya section also provides an important link
between these sections and the expanded Tethyan sections.
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Fig. 1. Location of studied section.
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Base of the Selandian

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 (Rosen-
KRANTZ 1924). The limestone/chalk deposition had prevailed throughout the entire Maastricht-
ian and Danian. After the Danian-Selandian transition, grey marls and clays dominated sedi-
mentation in Denmark for several million years. In terms of calcareous nannoplankton zona-
tions, the basal Selandian in Denmark falls in the upper part of Zone NP 4 or the lower part of
Zone NP5 (THOMSEN 1994).

Our preliminary results indicate that, at Zumaya, the base of the Selandian corresponds to
a package of red marls forming a 3.4 m thick transition interval from reddish limestone-marl
couplets below to grey marls above, about 55-60m above the Cretaceous-Tertiary (K-T)
boundary (Figs. 2, 3). This lithological shift is one of the most prominent in the Zumaya sec-
tion. Thick reddish limestones with some marl layers dominate the lower 45 m of the Danian.
They are followed by some 10 m of reddish limestone-marl couplets. The overlying 3.4 m of
red marls change abruptly into grey marls, which, thereatter, persist for some 25m. A varied
grey marl-limestone lithology characterizes the remainder of the Paleocene. Turbidites are rare
in the Danian reddish limestones and marls, but become more common in the grey marls and
continue to be important higher in the sequence.

The calcareous nannofossils at Zumaya were studied in smear slides with a light micro-
scope. The first representatives of the genera Sphenolithus and Fasciculithus were found in the
red limestone-marl couplets, that also include occasionally Ellipsolithus macellus, and thus can
be assigned to the upper part of NP 4. The lowermost occurrence of Fasciculithus tympanifor-
mis, the marker for the base of NP5, was observed 75cm above the lithologic change to the
red marls (Fig.3), while the lowermost occurrence of typical Neochiastozygus perfectus was
noted at the very base of the red marls. A sharp decrease in Braarudosphaera bigelow: s. ampl.
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.

Planktonic foraminitera were studied in disaggregated marl samples (ARENILLAS & MoOLINA
1996). Near or at the base of the red marls, four species exhibit their last appearance (Eoglo-
bigerina trivialis, Acarinina hansbolli, Acarinina kubaensis and Morozovella tadjikistanensis),
and two species have their first occurrence (Morozovella crosswickensis and Chiloguembelina
crinita). In the red marls, or just above, Subbotina velascoensis has its first appearance.

We have analyzed also whole-rock samples (0.25 to 0.5 m spacings) across the entire Paleo-
cene part of the Zumaya section for stable isotopes. In the interval, in which the basal Seland-
ian may be defined, there is a negative 8"*C shift of about 1%o. Similar, but more prominent,
&"C anomalies are found at the K-T boundary and the benthic extinction event (BEE;
ScuMITZ et al. 1996) around the end of the Paleocene (Figs. 2, 3).

There are a number of arguments suggesting 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 transition
from Zone NP 4 to NP 5. Moreover, the finding of Neochiastozygus perfectus at the base of the
red marls at Zumaya concurs with its first appearance in Denmark in the uppermost part of
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Fig. 3. The uppermost Danian and basal Selandian at Zumaya. The base of the Selandian occurs in the
3.4 m red marl interval; however, its exact placement is still a matter of investigation. The O level in this
profile corresponds to the level 56.6 m above the K-T boundary in Figure 2.
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Multiparameter stratigraphy for the Zumaya section, after

Movrina (1994), revised in this study. Dashed lines at boundaries
between P, NP and DS zones indicate that the placements of the
boundaries are preliminary. Full lines reflect boundaries that have
been studied with a higher resolution. P-zonation after MoLiNa
(1994), with revisions based on our new studies. NP-zonation, this
work, magnetostratigraphy after ROGGENTHEN (1976) and PUJALTE
etal. (1995). Depositional sequences after PujaLTe et al. (199+4). Car-
bon isotopic curve, this work. Two different possibilities as to how
the Paleocene can be divided into stages are shown in the far right
column. Hatched arcas indicate intervals in which Global Stratotype
Points may be defined.
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the Danian (THOMSEN 1994). PujaLTE ct 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 DS 4 and 5,
according to their sequence stratigraphic framework (Fig. 2). This may be the same sequence
boundary as the one marking the unconformity at the Danian-Selandian boundary in Den-
mark and which represents the Se-1 sequence boundary in the chart of HArRDENBOL (1994).
The sequence boundaries in this chart and other general charts have been established mainly
from studies of sections in Northwest Europe. Although these sequence boundaries may not
be correlatable worldwide, it is likely that, at least regionally, along the northeast Atlantic mar-
gins the same sea-level changes are registered by the strata. Magnetostratigraphy shows that
the upper part of the limestone-clay couplets at Zumaya belong to geomagnetic Chron C26r
(ROGGENTHEN 1976), which is the same chron preliminarily assigned for the basal Selandian in
Denmark (see ALl et al. 1994). It is noteworthy that the basal Selandian interval at Zumaya is
situated about 10 m above the boundary between the P. uncinata - M. angulata (P2-P3a) plank-
tonic foraminiferal zones, which in the general stratigraphic scheme of BERGGREN et al. (1996)
is considered corresponding to the Danian-Selandian boundary.

Because the 6> C anomaly in the basal Selandian at Zumaya has been measured on bulk
samples, it is uncertain whether a real change in the chemistry of the Paleocene ocean is regis-
tered. Diagenesis or reworking of extraneous calcite may explain the origin of the " C anom-
aly. One fact speaking in favor of a “recal” carbon isotopic event, however, is that the whole-
rock 8" C trend through the entire Zumaya section is very similar to that measured on other
Paleocene sections, including well-preserved deep-sea sections (see CHARISI & ScHMITZ 1995).

Base of the Thanetian

In 1ts original type area the unconformity-related base of the Thanetian has been dated within
the upper part of the nannofossil zone NP 6 (AuBry 1994, KNox 1994b). Our preliminary nan-
nofossil data suggest that the NP 6 zone corresponds approximately to the interval from 80 to
100 m above the K-T boundary at Zumaya. There is no important sequence boundary near or
within this interval (Fig. 2) (PujaLTE et al. 1994). The closest sequence boundaries are the above
mentioned DS4-DS5 boundary and the DS 5-DS 6 boundary at about 140 m above the K-T
boundary. The DS 5-DS 6 boundary occurs in NP9, well above the level corresponding to the
basal Thanetian in England. According to the stratigraphic scheme of BERGGREN et al. (1996),
the Selandian-Thanetian boundary correlates with the base of the C26n geomagnetic polarity
chron, which may occur near or within the +80 m to +100 m interval at Zumaya, based on cor-
relations with the magnetostratigraphy for the nearby Trabakua section (PUJALTE et al. 1995).

Dividing the Paleocene into stages

After studies of the Zumaya section, the question can be restated (see ScHMITZ 1994), whether
there are really good reasons for dividing the Paleocene into three stages and not two?

The base of the Selandian appears to coincide with an important rapid event, leading to a
long-term conspicuous shift in depositional conditions, at least over large areas of the eastern
North Atlantic region. Our data show that the event may coincide with a perturbation of the
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carbon cycle. No similar prominent event with significant long-term consequences is found to
be registered in the Zumaya section, until at the BEE at 163 m above the K-T boundary. Thus,
if focus is on dividing the Paleocene into stages that reflect global change, a two-fold division
appears to be more appropriate. The decision of how to divide the upper Paleocene into stages
must, however, await the decision of where the Paleocene-Eocene (P-E) boundary or the base
of the Ypresian will be placed. Within the framework of IGCP Project 308, it has been sug-
gested that the P-E boundary may be defined at the BEE (e.g. Morina 1994). The BEE occurs
in the middle-upper part of Zone NP 9 (ScuMmITZ etal. 1996), which is substantially lower than
the originally defined P~E boundary at the base of the Oldhaven Beds (England), correspond-
ing to the middle or upper part of Zone NP 10 (AusRry et al. 1988). The interval berween the
Danian-Selandian boundary and the BEE is characterized by the rise and fall in global oceanic
productivity, as shown by the development of the global 8”C maximum (Fig.2). This is the
period with the most abundant productivity in the oceans during the entire Cenozoic. It
appears attractive to let this unusual oceanic event in defining one stage, in particular, if the

BEE is chosen as the P-E boundary marker.
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