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Abstract

Latest Cretaceous (Late Maastrichtian) and Paleocene depositional sequences from the deep-water Basque basin have

been calibrated with published r1 1 and nn“rln acquired magnetostraticraphic data. Sequences mostly consist of hemipelagic
€CN CailorateG wiill puosiisned 1,2 andé n cquired magnetostratigrapnic gaia. Sequences unuou_y consist o1 némipe:agic

marls and limestones, and their relative ages are well constrained with planktic foraminifera. They accumulated during a
phase of tectonic tranquillity and reduced clastic input into the basin, and therefore they can be attributed to eustatic
sea-level changes with reasonable confidence.

On the basis of the planktic foraminifera zonation, a good match has been observed previously between the depositional

canmiancac of tha Racana hacin and cnacific can_laval cvclag of tha 1082 varcinn of tha Bvvan (Iahal Cunla Chaet (GO [2]
SCQUCTICES O1 ull 5asqud Oasiil anG SPLCLIC STa-10VO CyCiCSs O uif 15700 VOISIUIN O1 ulC £AX0I Ui00a: LYCIC Liialt \ovu ) [J).

Here, a new attempt at correlation using their respective magnetostratigraphic data has failed to confirm such a match. The
disagreements observed may indicate that, for the studied interval, (1) the current planktic foraminifera biostratigraphy lacks
the necessary level of resolution to ensure synchrony between sequences of different basins, and /or (2) the magnetostratig-

raphy of the GCC needs to be revised. Whatever the case, the new findings lend support for some criticism on the use of the

GOC for interrecinnal correlationg
GLU Ior mnterreégiona: Correialions.

The utility of modern sequence stratigraphy for
global correlations remains controversial [4,5]. Such
an application originally relied on two main assump-
tions: (1) that eustasy was generally a dominant
factor in the development of depositional sequences,
overprinting the effects of tectonics and sedimentary
supply [6,7], and (2) that the Mesozoic and Cenozoic
history of eustatic sea-level changes could be recon-

Sfrunfnr] and chartad ngin
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around the world [8].

In relation to the first point, however, several
workers have demonstrated that tectonics and sedi-
mentary flux are factors of equal importance as
eustasy in sequence development, being able to cre-
ate sequences by themselves even in the absence of

o
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may result largely from one single factor (i.e., eu-
static- or tectonic-dominated), but most would de-
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velop from the interplay of two or three of these
variables. Moreover, it is often difficult to unravel
the eustatic signature from the stratigraphic record
because the stratigraphic architecture of the se-
quences is very similar independently of the particu-
lar factor(s) that caused them [9,10]. The Global
Cycle Chart (GCQ), which is based on the second
assumption, has been criticized on the ground that
the resolution of biostratigraphy is not sufficient to
prove the synchrony between sequences of different
basins [5].

However, the idea of simultaneous rises and falls
of global sea level, particularly during non-glacial
periods, is still appealing for both industrial and
academic reasons. Additional efforts should therefore
be made to prove or disprove the whole concept,
searching for additional clues in the stratigraphic
record. Such clues should preferentially be extracted
from eustatic-dominated successions. Besides, the
biostratigraphic age control of such successions
should be carefully checked against magnetostratig-
raphy, since reversals of the geomagnetic field are

one of the few geological events that are both syn-
chronous and world-wide in scope.

The Basque basin offers an excellent opportunity
to further this line of inquiry. This basin was a
deep-water interplate trough flanked to the north
(Aquitania), south (Iberia) and east sides by shallow
shelf areas, and opening to the west into the Bay of
Biscay (Fig. 1). Throughout the Late Maastrichtian
and Paleocene, the sea transgressed the flanking
shallow areas, leading to the development of exten-
sive ramps or carbonate platforms [3,11,12]. That
overall transgression also made it difficult for
coarse-grained siliciclastics to reach the deep trough,
which became the site of a hemipelagic
limestone /marl type of sedimentation, with tur-
bidites being mostly restricted to the base-of-slope
area (Fig. 1). Depositional sequences have been iden-
tified in this succession that can be recognized basin
wide, and they ensure very reliable lithological corre-
lations between available sections, in many cases at
bed-to-bed level ([12,13], and below).

Paleomagnetic studies have earlier been carried
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Fig. 1. Simplified Paleocene paleogeography of the western Pyrenees showing the main sedimentary domains that can be reconstructed from

the overall facies distribution of available outcrops.
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sures of the Basque basin, Zumaia [1] and Sopelana
[2]. These have now been supplemented with the
analysis of the Trabakua pass section (location in
Fig. 1). The paleomagnetic data of these three sec-
tions almost completely encompass the whole Late
Maastrichtian—Paleocene interval, thus allowing a
geomagnetic calibration of the sequences mentioned
above. We will first discuss the new paleomagnetic
data, and will then pluu:cu to uucglaw them with
previous information on sequences, biostratigraphy
and magnetostratigraphy.

2. Magnetostratigraphy of the Trabakua pass sec-
tion

2.1. Setting

The studied section is situated on the northern
flank of the Biscay synclinorium, about 3 km to the
north of the Trabakua pass itself (Fig. 1). It has been
recently created by the enlargement of the local road
Bi-140, and for that reason the rocks were still quite
fresh at the moment of sampling, in the spring of
1994. From bottom to top it is composed of:

(1) 129 m of grey hemipelagic limestones and
reddish io deep-purple marls, belonging io the Late
Maastrichtian Zumaia—Algorri Formation [14]. As is
distinctive in this formation, marl-dominated inter-
vals alternate in the vertical profile of the Trabakua
pass with others formed by limestone—marl ryth-
mites. The same stacking pattern can be recognized
basin wide, and it has been used by previous authors
to subdivide the Zumaia—Algorri Formation into five
laterally correlative members [15 17]. The formation

bUIllUIIIlley UVCllle a lIllLK \lLUU lll} \/dlllpdllldll—

Lower Maastrichtian flysch unit and is capped by the
Cretaceous—Tertiary (K /T) boundary clay;

ClallLORo— 233 a Y A/ L4l ciay,

(2) 53 m of gray- and pmk-colored hemipelagic
limestones and marls, which embrace the whole
Paleocene. A careful correlation with several other
sections of the Basque basin has shown the occur-
rence of three meaningful hiatal surfaces within the
Paleocene of the Trabakua pass (shown in the corre-

As 1 11 L lat h
sponding lithological logs by undulating heavy lines,

see below). The extents of each of these hiatuses
have been partly constrained with biostratigraphy,

Uul, €veEn moi€ acClura

y uy dbbebulg the number o
missing beds with respect to the Zumaia section, the
thickest and most complete of the basin 131

(3) 4 m of dark-gray claystones (weathermg out
into reddish colors) which, unlike the remainder of
the studied succession, is very poor in carbonate
microfossils. Accordingly, it has been named the
““Dissolution Interval”” (DI) [18]. A strong negative
excursion of §°C, an isotopic event used by some
dUlllUlb as lllC pUblllUll UL UlC rdleoceﬁe—ﬂﬁceﬁe
boundary, has been reported at the lower part of the
DI in the Zumaia section [18];

(4) 50 m of gray hemipelagic limestones and
marls, dated as earliest Eocene. These sediments are
conformably overlain by a thick (> 2000 m)
Lower—Middle Eocene flysch succession, which are
the youngest Tertiary deposits preserved in the Bis-

cay synclinorium.

L
L

2.2. Paleomagnetic sampling

The sampled portion of the section is composed
of 9 m of purple marlstones, belonging to the upper-
most (V) member of the Maastrichtian Zumaia—Al-
gorri Formation; the whole 53 m of the Paleocene;
and the lowest 25 m of the Eocene above the DI.
Special care was taken to collect unweathered mate-
rial and, whenever necessary, relatively long cores
were drilled to avoid the exposed parts of the rocks.
A total of 161 cores were collected from 92 strati-
graphic levels using a portable gasoline powered
drill machine, and they were oriented in situ with a
magnetic compass. Average sampling spacing was
slightly about 1 m. Beds are steeply dipping to the
S—-SW, the average dip direction and dip being
195/55. In the laboratory, core samples were cut in

two to Luu1 bldlludlu prLllllUllb Ul A .)‘} cim lll uldlllC-

ter and 2.10 cm in length.
2.3. Paleomagnetic measurements and results

The natural remanent magnetization (NRM) was
measured with a GM400 three-axis cryogenic mag-
netometer (CCL Ltd.). Stepwise thermal demagneti-
zation was carried out by heating the samples in a

TCN_1 Crhandated Furnare Tha intangity af tha NTR A
191/-1 SCACNHASICS Turnace. ind HRLIDILY U1 Uil 1NNV,

was moderate to weak, generally about 5X 10~*
A/m in the upper 15 m of the section, averaging
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8X107° A/m in the middle one, and increasing
again downsection, but showd values of up to 3 X
1073 A/m in the Maastrichtian purple marlstones.
Characteristic remanent magnetizations (ChRM) were
computed by Principal Component Analysis [19] on
the orthogonal demagnetization plots [20].

One to three specimens per sampling site were
thermally demagnetized up to temperatures of 550-
580°C with increasing 50° steps. Samples requiring
further demagnetization were heated up to 640°C
with 20° steps, for the intensity to decrease below the
noise level of the magnetometer, or until an erratic
behavior of the magnetization was observed. Typical
examples of thermal demagnetization are illustrated
in Fig. 2. A multicomponent character of the NRM is
clear in the majority of the cases. A low-temperature
component is unblocked below 250-300°C. This
component has northerly declination and moderate to
steep downward inclinations (about 60°) before rotat-
ing the bedding to the horizontal and becomes
southerly directed with moderate to steep downwards
inclinations after a tectonic correction has been ap-
plied (Fig. 2). This component is believed to repre-
sent a secondary recent overprint {present geomag-
netic field direction). The gray marly limestones
from the Eocene part of the section define an an-
tiparallel component to the present-day field direc-
tion between temperatures of about 300 and 450°C
(specimens TK17-1c and TK19-1d from Fig. 2).
Thermal demagnetization above 450°C delineated a
vector that decayed to the origin of the orthogonal
diagram which is taken as the characteristic rema-
nent magnetization (ChRM). This ChRM component
has dual polarities and is believed to represent the
primary magnetization. Some Paleocene reddish
limestones display a single component magnetization
after a small viscous component is removed at low
temperatures (TK37-4b in Fig. 2). In other cases the
ChRM is defined after the removal of the present-day
component (TK56-1b in Fig. 2). It is important to
note that samples that display a normal ChRM com-
ponent also carry an antipodal reverse direction
(TK68-1a and TK78-1b in Fig. 2) unblocked at
lower temperature. In those cases, we have taken the
highest temperature component (normal component)
as the oldest one. Therefore, this component is used
to compute the respective virtual geomagnetic pole
(VGP). Since the opposite case does not seem to
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Fig. 2. Tectonic-corrected representative orthogonal projections of
thermal demagnetization data from the Trabakua pass section.
Open and closed symbols represent projections on the vertical and
horizontal planes, respectively. Temperatures (in °C) are indicated
for various points.

exist (reverse highest temperature ChRM and antipo-
dal normal ChRM component) we may infer that this
is due to (1) the fact that the normal Paleocene
magnetozones are relatively short in time compared
with the reversed magnetozones [21], and (2) the
reversed magnetozones are interrupted by numerous
short normal events (cryptochrons) of less than 30
kyr duration [21]. In such a scenario, samples de-
posited during a normal magnetozone will still block
part of its ChRM in the opposite polarity correspond-
ing to the field of the subsequent reverse magneto-
zone in a process similar to that described by Chan-
nel et al. [22], for ChRM residing in hematites in
pelagic sediments from the Gubbio section (Italy).
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Note that in the present case both components seem
to be blocked in a magnetite-like mineral phase
attending the unblocking temperature spectra, al-
though this is not conclusive. Additional support for
the general assumption comes from the fact that
most of the section is reversely magnetized and also
from biostratigraphic and sedimentologic evidence
that points to a condensation of the series in the
lowermost Paleocene (see also below) where the
longest Paleocene normal magnetozones exists
(chrons C28N and C29N lasting 1.233 and 0.821
Ma, respectively) [21].

Another thermal demagnetization behavior comes
from samples collected slightly beneath the DI (see
below), that display a southerly directed ChRM com-
ponent but with positive polarity once the bedding
has been restored to the horizontal. We interpret such
cases as the result of a total overlap of the unblock-
ing temperature spectra of the dual-polarity ChRM
components described above and therefore we con-
sider those samples as normally magnetized (see
below). It is crucial to note that such cases occur in
general just below or above normal magnetized sam-
ples and therefore we cannot rule out the possibility
for those samples to reflect a transitional field.

The calculated ChRM [19] components before and
after tectonic correction are plotted in Fig. 3. Sam-
ples exhibiting a downward and southerly direction
after tectonic correction have been excluded. The
computed mean direction [23] before tectonic correc-

tion (D/I=189/16, ay =5.9, k=6.5) cannot
represent any Cretaceous 1o present geomagnetic
field, whereas once the tectonic correction has been
applied the mean direction (all directions computed
in the lower hemisphere, D/I=007/+ 39, ay =
4.2, k= 12) conforms to that expected for the lower
Tertiary. Thereafter both the coherency between ob-
served and expected directions and the presence of
normal and reversed polarities give confidence that
the computed mean direction is primary. This mag-
netization probably resides in magnetite, although a
hematite contribution with relatively low unblocking
temperatures cannot be ruled out.

2.4. Magnetic stratigraphy

The calculated declinations and inclinations of the
ChRM components have been used to derive the
latitude of the virtual geomagnetic pole (VGP) (Fig.
4a). This parameter has been used as indicator of the
polarity (normal polarity for positive VGP latitudes
and reverse polarity for negative VGP latitudes) with
the exception of those samples that exhibit down-
ward and. southerly directed directions which have
been considered to reflect a normal polarity
(shadowed portion in the polarity column from Fig.
4a) although the computed VGP has negative paleo-
latitudes.

The magnetic polarity sequence established at the
Trabakua pass is characterized by the predominance

BEFORE

AFTER

Fig. 3. Equal-area projections of the characteristics remanent magnetizations ChRM directions before and after tilt correction. Open and
closed symbols represent projections on the upper and lower hemispheres, respectively. The mean direction (computed in the lower

hemisphere) and its confidence oval are also shown.
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of a er short normal intervals
which defln a total of 9 magnetozones (A-—tol—-
in Fig. 4a, the upper and lower boundary of the
younger and older magnetozones, respectively, not
defined). Correlation with the standard Geomagnetic
Polarity Time Scale (GPTS) [21] is relatively

straightforward for the two uppermost normal mag-
Thue chran H L ic¢ attrihntad ta O8N
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mainly on the basis of its position relative to the
81C negative shift: in several DSDP holes the top
of C25N occurs a few meters below that isotopic
excursion [24]; at the Trabakua pass, the top of H +
is not sharply defined (shadowed portion in the
polarity column of Fig 4a), but it must be situated
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the isotopic shift [18]. As for F +, its situation amid
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the planktic foraminifera biozone of P. pseudome-

= ¥ dind
nardu leaves little doubt about its equivalence with
C26N.

Correlating the remaining chrons is faced with a
few uncertainties, that can be surmounted by com-
parison with other sections. As mentioned above,
planktic foraminifera data and detailed 11tholog1cal

corralatinng demangtratad tho avigtannca Af thras hin
LULIVIALIUVILO UVLHIVIIDLL GV LIV CAIDDLVIIVG UL uIve Liia-

tuses in the Paleocene of the Trabakua pass. The
middle hiatus comprises the upper part of the E.
trinidadensis biozone plus the M. uncinata and M.
angulata biozones ([13], and below). Chron C27N,
which in the Zumaia section occurs during that time
interval [1], is therefore missing in Trabakua. For
ihat reason, the portions of E — above and below
that hiatal surface have been respectively ascribed to
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information is currently available (shown within insets to the right of the logs). Key to lithological symbols on Fig. 4b. In order to facilitate
the visual comparison among the three logs, their vertical scales have been changed and, in the Trabakua section, the thickness of missing
rocks (hiatuses) has been taken into account. Note also that much fewer beds are illustrated in the logs than actually exist in the field.

Planktic foraminifera zonation after Orue-etxebarria [3,29].



'26R and C27R (Fig. 4a). Finally, mag
+ and B + occur in the lower part of t
ocene succession of Trabakua, and they must corre-
spond respectively to C28N and C29N, the only two
remaining normal polarity chrons of the Early Pale-
ocene. It should be also noted in Fig. 4a that the
lower limit of chron B + coincides with the lower
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reduced thickness of C29N at Trabakua (1.5 m)
compared to Zumaia (9 m) [1].
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3. Sequence stratigraphy

Seven depositional sequences have been recog-
nized in the study area for the Late Maastrichtian—
Paleocene interval, which Pujalte et al. [12] named
DS-1 to DS-7 successively. The same coding is used
in this report (Fig. 5). In all cases, their estimated
time span falls into the 3rd-order range of Vail et al.
[25]. Each individual sequence has been traced later-
aily from the shallow-water carbonates of the north
Iberian platform, through the breccias and calcaren-

ﬁ'Ac r\‘F tl'\ it

}\ocp_nf‘_cl nna anr; no inta tha
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an flanlkin

se-of-slope apron flanking it,
hemipelagic accumulation of the central deep basin
(Fig. 1). In addition to that, but only within the
hemipelagic stacks of the central part of the basin,
DS-2 can be subdivided into two subsequences, 2a
and 2b.

Both in the shallow-water carbonate platform and
in the base-of-slope apron (Fig. 1), the depositional
sequences are bounded by important erosional

Table 1

1z f1ARSY 1~ 24
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and /or non-depositional surfaces [3,12]. By contrast,
such discontinuities are usually much less important
in the hemipelagic stacks flooring the central parts of
the basin [13]. These basinal deposits can be accu-
rately dated with planktic foraminifera, and they
happen to be the most favorable ones for the analysis
of paleomagnetism. They offer therefore a unique

nnnartunity ta srncq_snrralata tha Adamacitinnal -
UPPUI luuu_y W vivudsoTvulLivialy v UUlJUBlI,lUllal DL«

quences with both the planktic foraminifera and the
geomagnetic scales.

3.1. Lithological characterization of the depositional
sequences

Lithological stacking patterns vary in detail be-
tween depositional sequences, but for simplicity they
can be conveniently divided in two main groups: one
group includes sequences composed of two parts
(DS-1 and -2, mostly Late Maastrichtian); the other
group comprises those in which a three-fold division
can be recognized (DS-3 to -7, Paleocene). The
physiography of coeval shallow settings was ramp-
like during the Late Maastrichtian [26], but oscillated

qta By V-

ad nd d
between dnotau_y’ auuuyvu\,u uuuy anga a rmmecea

uUvy Ll

a
a

platform during the Paleocene [3,12], and that is the
most likely cause for the different facies architec-
tures of the two groups. Flooding events on the
ramps were more or less continuous because of the
near uniform slopes of these settings. Hence the
homogeneous lithologies of the contemporary basi-
nal accumulations (i.e., the upper parts of DS-1 and
-2). However, the nearly flat tops of Paleocene plat-

Summary features of late Maastrichtian depositional sequences of the Basque basin (DS-1 and -2)

PARTS OF LITHOLOGICAL PARAMETERS
SEQUENCE Gross lithologicat ! Relative ! Type of turbidites INTERPRETATION
character | sedimentation rate ' (in Zumaia section)
! : Mixed Lowstand wedge
Upper Limestone-dominated : Lowest | (carbonate siliciclastic) (;-;livggs}t:sn%
i i
t I
! ! Mixed Lowstand fan
Lower Marlistone-dominated Highest I (carbonate siliciclastic) (LSF)
1 i
| I
i !
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form margins were temnorarilv drowned during

Ol AARALEAs WRIS -v... Lialiiy QIR =il

phases of fast sea-level rise [12] and the carbonate
and siliciclastic fluxes into the basin were both re-
duced. These transgressive phases of the shelf are
represented in the basin by the condensed intervals
observed in the middle parts of DS-3 to -7.

The constituent parts of the sequences in both
groups have been delineated with the help of the
following interrelated criteria (Tables 1 and 2): (1)
long-term vertical changes of the bulk
carbonate /clay ratios, which result in an alternation
of marlstone-dominated and limestone-dominated in-
tervals. The basin-wide development of these alterna-
tions was first demonstrated for DS-1 and -2 [15 17],

and later on for the other sequences [13]; (2) varia-
tions of sedimentation rates, estimated from the

thicknesses of the stratification r‘vr‘lpc (1 e. r‘r‘)uplets

[543

and bundles, thought to be tuned to Mllankovitch
frequencies [13,27]), which are the building blocks
of the sequences; and (3) variations in the frequency
and/or the composition of turbidite intercalations,
criteria that can be applied solely in the Zumaia
section, which is the only one with a substantial

ey ~f thi add
pr Upuuxuu of thin-bedded turbidites.

Comparison between the different sections con-
firms that the three hiatuses of the Paleocene succes-
sion at the Trabakua pass can be traced laterally into
important erosional discontinuities in the slope apron

Table 2

nd shallow-water platform facies. They represent

therefore sequence boundaries that are indicative of
erosional phases that locally affected the basin floor
at the onset of lowstand periods. Otherwise, se-
quence boundaries are expressed in the field by a
sudden increase in both sedimentation rates and
marl /limestone ratios. Smit et al. [27] concluded that
the high sedimentation rates of the lower parts of
both DS-2a and -2b resulted from a simultaneous
increase in the fluxes of both carbonate and terrige-
neous clays, and that the marly-dominated parts of
these sequences were developed at times of the
highest rates of carbonate supply into the basin. The
same reasoning can be extended to the Paleocene
sequences [13].

Taking into account the current models concern-
ing sea-level fluctuations and r‘lmﬂp-cpa sedimentation
(e.g., [28]), and observations made at the contempo-
raneous north Iberian shelf and base-of-slope settings
[12], the recurring pattern just outlined can be satis-
factorily explained in terms of sequence stratigraphy.
The two or three parts recognizable in the sequences
have been ascribed therefore to different sea-level

tonde (Tahl 1 492
stands (Tables 1 and 2). Thus, the lower parts of the

sequences are considered lowstand deposits because
of their position above sequence boundaries and their
relative enrichment in fine-grained terrigeneous ma-
terials: as sea level fell during a lowstand period the

Summary features of Paleocene depositional sequences of the Basque basin (DS-3 to -7)

PARTS OF LITHOLOGICAL PARAMETER
SEQ%CE Gross lithological Relative Type of turbidites | [NV ERPRETATION
character sedimentation rate (in Zumaia section)
T T
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| !
| i
Intermediate ! ! "Condensed interval"
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coastline would have migrated basinwards, making it
easier for siliciclastic silts and clays to reach the
basin. The primary productivity would also be simul-
taneously enhanced, both processes jointly increasing
sedimentation rates [27,28].

Refloodings of the shelf during sea-level rises
reversed the process, leading in all cases to a decline
in deep-sea sedimentation rates. The limestone-
dominated character of the upper part of the se-
quences is clear proof that such decline was mainly
due to a more or less effective storing of fine grained
terrigeneous sediments on carbonate ramps (Late
Maastrichtian) or platforms (Paleocene). The parallel
drop in primary productivity was compensated in

part by carbonates being shed off these shallow
settings, as evidenced by the occurrence of
platform-derived carbonate turbidites in the Zumaia
section.

3.2. Biostratigraphic calibration of depositional se-
quences

Planktic foraminifera are generally abundant and
reasonably well preserved in the Basque basin, and
have been used for dating the studied succession.
Current results are shown in the left-hand side of
Figs. 5 and 6. In doing this, we have followed the
zonation worked out for this particular basin by

Trial A: Biostratigraphic correlation Trial B: Geomagnetic correlation
w £ c ) w
x x
2 0 § g'g- Depositional Global Depositional <z> o |
< © |ES2| sequences sea-level sequences | & | © ty
sSlw g e (Basque cycles (Basque ol|uw |E

basin) Hag's 88 basin)
Eocee (Haqg's 88)
®.p) M.subbotinae Eo(:g?g
T DS-7 -7 > ~ [
W D56 3 pS-7 N
| " DS-6 > .m i
P 21 — 1 HS o
] pumnrrmrdll DS-5 : —
e s ps-5 > W |5
w |3 Ls w ™
~ Z P. pusilla DS -4 _Hs | .
60— g M. angulata 14 LS DS-4 5; & |w L e
o LS — O
4w M. uncinata 1.3 —- HS ] o L
;:‘ DS-3 ) HS u
— E Ls —
O |5 | trinidadensis P> R <
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i &
] LS @® -
E o HS “‘
65— ' —
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Fig. 6. Two independent attempts to correlate the depositional sequences recognized in the Basque basin and the 3rd-order cycles of
sea-level change of the GCC. In trial A the correlation is solely based on their respective planktic foraminifera zonations; in trial B, on their
paleomagnetic calibration.
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Orue-etxebarria [29] (see also appendix 1 in [3]). But
for some minor details, that zonation is similar to
one of Stainforth et al. [30], which was used to
calibrate the GCC, which makes the comparison
between the two relatively easy (but see below).
Thus, all but one of the recognizable biozones are
named after their defining taxon (i.e., A. mayaroen-
sis, P. pusilla, etc.), their bases being placed at the
first appearance datum (FAD) of the corresponding
species. The only exception to this rule is the bio-
zone of M. velascoensis, the base of which is situ-
ated at the last appearance datum (LAD) of P.
pseudomenardii.

3.3. Magnetostratigraphic calibration of depositional
sequences

The lithological expressions of the depositional
sequences in three of the hemipelagic sections of the
Basque basin from which paleomagnetic information
does exist are shown in Fig. 5. Again, it must be
reiterated that the correlation between these sections
is very reliable, for most of the succession even at
the bed-to-bed level [13,15-17]. Information can
thus be confidently transferred between these sec-
tions, allowing paleomagnetic calibration of the se-
quences. This calibration is particularly good for the
Lower Paleocene, for which data are available from
at least two sections. The Upper Maastrichtian and
Upper Paleocene have been calibrated solely on one
data set, from the Sopelana [2] and Trabakua sections
(this study), respectively.

Based on this information, DS-1 and -2a were
developed entirely during the time span of chrons
31N to 30N. A better precision can be offered for
DS-2b, the LSF of which occurred during C29R,
while its HST deposits were laid down during the
lower part of C29N (however, the data from the
three sections concur with previous studies, e.g.,
[31-33], in placing the position of the K/T bound-
ary towards the upper part of C29R). A even more
calibration precise can be attained for DS-3: its
lower boundary is placed at the middle of C29N, the
lower part of this chron being eroded at Trabakua; its
LS deposits encompass both the reversed and normal
parts of C28; and its condensed interval and HST
deposits are situated within C27R and C27N, respec-
tively., The eroded interval at Trabakua comprises

most of C27R, the whole of C27N, and probably a
small part of C26R (Fig. 5).

Data from Trabakua finally indicate that the depo-
sition of DS-4 occurred in its entirety during the
lower part of C26R; DS-5 encompasses the remain-
der of C26R, C26N and the lowermost part of C25R,
and DS-6 spans the upper part of C25R, C25N and
the lower part of C24R, the normal polarity chrons
being situated in both sequences immediately below
their condensed intervals. Lastly, DS-7, the youngest
of the studied sequences, occurs within the lower
part of C24R.

4. A comparison of regional and global cyclicities

The accuracy of the GCC may be under discus-
sion, but it is the best approximation so far available
about the history of 3rd-order sea-level changes. As
a test of its reliability for the Late Maastrichtian—
Paleocene interval, we have compared the results
from the Basque basin with those from the same
interval of the GCC. This comparison has been
carried out through two independent sets of correla-
tions, one based on the planktic foraminifera zona-
tion, the other making use of the geomagnetic polar-
ity scale.

The first of these attempts is facilitated by the fact
that the majority of the boundaries of both the
depositional sequences and sea-level cycles consid-
ered in this study seem to have occurred at, or near
to, the FAD of zonal index species. The resulting
correlation suggests that each of the sequences of the
Basque basin can be ascribed to a specific 3rd-order
cycle of the GCC, and vice versa (trial A in Fig. 6).
The match is not so good, however, in the second
case (trial B in Fig. 6). Four main discrepancies have
been identified, which are discussed below:

(1) The lower boundaries of DS-1 and of cycle
P.1 occur, both in the Basque basin and in the GCC,
immediately below the FAD of A. mayaroensis.
Therefore, they appear at about the same level in
trial A of Fig. 6. However, the lower boundary of
DS-1 has been found to occur in the Basque basin
within C31N, whereas in the GCC the base of cycle
1.1 is placed at the lower part of C30N. In the
geomagnetic correlation the offset between these two
boundaries is about 1.5 Ma. (Fig. 6).
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The reason for this disparity is clearly the fact that
the GCC places the FAD of A. mayaroensis too
high. Hubert and Watking [33] have shown that,
although it is diachronic, this datum is never so
young: it usually occurs within chron 31N, and it can
even be found towards the middle part of C31R in
the southern high-latitudes.

(2) The nominal planktic foraminifera zonations
of DS-2 and cycle 1.2 are similar, spanning from the
middle part of A. mayaroensis to the end of E
pseudobulloides. According to the paleomagnetic
calibration, however, their respective temporal distri-
butions barely overlap.

(3) Both in the Basque basin and in the GCC the
lower boundaries of DS-3 and of cycle 1.3 roughly
coincide with the FAD of E. trinidadensis (Fig. 6A).
However, in the Basque basin this bioevent is thought
to have occurred within C29N, whereas in the GCC
it is plotted near the C27R /C28N reversal.

The reasons for these two disagreements is con-
nected with the contrasting opinions that exist be-
tween specialists concerning the geomagnetic posi-
tion of the base of the E. trinidadensis biozone
(marked by the FAD of the zonal species). For
instance, in the classic paper by Berggren et al. [34],
this biohorizon is placed at the top of C28N, a datum
also adopted in the GCC. However, at least two
micropaleontologists, each working independently in
different areas of Spain, reported the FAD of
trinidadensis on the lower part of C29N. (i.e., Smit,
in [35], and Orue-etxebarria, in [2] and this report).
In a later paper by Berggren [36], in which he
questioned Smit’s findings and reasserted his own
position, it became clear that different taxonomic
concepts ot the species trinidadensis do persist
among micropaleontologists.

As a result, very different solutions are obtained
for this particular interval in each of the trials shown
in Fig. 6. If the biostratigraphic correlation is made
using Smit’s /Orue-etxebarria’s taxonomic concept
of trinidadensis, the boundaries of both DS-2 /DS-3
and cycles 1.2/1.3 would be situated at about the
same position, suggesting a contemporaneous event.
However, the geomagnetic correlation indicates that
the age of the DS-2/DS-3 boundary is about 2 Ma
older than that of cycles 1.2 /1.3 in the GCC. Even
more worrying is the fact that the sea-level fall that
created the lower boundary of DS-3 would have

taken place amid a highstand phase of the GCC;
whereas the opposite would have happened, with
respect to the Basque basin, with the sea-level drop
that marks the base of cycle 1.3 in the GCC (Fig. 6).

(4) The bases of DS-6 and of cycle 2.2 are
situated at the bottom of the M. velascoensis bio-
zone, a biohorizon defined by most micropaleontolo-
gists by the LAD of P. pseudomenardii (see above).
Yet, according to the paleomagnetic data from the
Trabakua pass, the lower boundary of DS-6 is placed
towards the middle—upper part of C25R, while that
of cycle 2.2 is shown in the GCC in the upper part of
C24R (Figs. 4 and 6).

This final discrepancy implies an offset of nearly
1 Myr and, in all likelihood, it is a consequence of
the time-transgressive character of the LAD of P.
pseudomenardii, as already recognized by Blow [37].

5. Concluding discussion

Depositional sequences have been delineated in
the Late Maastrichtian and Paleocene sediments of
the western Pyrenees, that can be traced laterally
from the shallow north Iberian platform into the
deep-water Basque basin [3,12,13]. They can be
considered good examples of custatic-dominated se-
quences, since contemporaneous tectonics in the area
was subdued, and siliciclastic flux into the basin was
negligible. In the central parts of the Basque basin
they are developed within a nearly continuous strati-
graphic succession largely made up of hemipelagic
marls and limestones. These sediments contain a
wealth of well-preserved planktic foraminifera that
permit a reliable age dating of the sequences. Other
important groups of microfossils, notably nanno-
plankton [15], deep-water microbenthic foraminifera
[18], and palynomorphs, are also present although
their study has been so far restricted to the lower and
upper boundaries of the Paleocene. Furthermore, the
predominantly carbonate nature and the fine-grained
textures of these sediments make them suitable for
paleomagnetism. Consequently, the geomagnetic re-
versal history can be readily derived. In short, the
Basque basin reveals itself as an important reference
area in which it has been possible to intercalibrate
depositional sequences, probably of eustatic origin,
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with both biostratigraphically meaningful fossils and
magnetostratigraphy.

These results have made it clear that, for the
studied interval, the planktic foraminifera and geo-
magnetic scales are not well intercalibrated in the
GCC. It is not surprising, therefore, that the compari-
son between information gathered in the Basque
basin with that compiled in the 1988 version of the
GCC leads to equivocal resuits: if only planktic
foraminifera zonation is taken into account, a reason-
ably good correlation can be established between the
depositional sequences of this basin and specific
3rd-order cycles of the GCC; such a good match
cannot be duplicated, however, when the correlation
is attempted using their respective magnetostratigra-
phies.

However, biostratigraphic correlation alone is not
a proof of synchrony, because at least some of the
planktic foraminifera datum planes of the studied
interval are demonstrably time-transgressive [33,37].
The synchrony cannot be checked with the magne-
tostratigraphy of the GCC either, because of its
incorrect intercalibration with the planktic
foraminifera scale. Indeed, this claim should only be
considered fully justified when comparisons can be
made between sequences directly calibrated with
magnetostratigraphy. For this purpose, the calibra-
tion achieved in the Basque basin may eventually
prove useful for the Late Maastrichtian—Paleocene
interval.

These findings may detract from the credibility of
the GCC in its present status, but not necessarily
invalidate the whole concept behind the global chart.
They only reinforce the view, already advanced by
previous authors, that much research will still be
needed to accurately constrain the history of past
global sea-level changes.
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