
N etherlands Journal o f Geosciences / Geologie en M ijnbouw  83 (3): 193-197 (2004)

Stable oxygen iso top e record  o f  the E ocen e-O ligocen e transition  
in  the sou th ern  N orth  Sea B asin: p osition in g  the O i-1 event

E. D e M an1, L. Ivany2 & N. V andenberghe3

1 Royal Belgian Institute of N atural Sciences, Vautierstraat 29, B-1000 Brussels, Belgium 
Ellen.DeM an@ naturalsciences.be (corresponding author)

2 D epartm ent of Earth Sciences, Syracuse University, Syracuse, New York 13244, USA
3 Historical Geology, K.U. Leuven, Redingenstraat 16, B-3000 Leuven, Belgium

M anuscript received: February 2004; accepted: August 2004

A bstract

Preliminary stable oxygen isotope data are presented from the southern N orth  Sea Basin successions, ranging from the 
Lutetian to Rupelian. Analyses were perform ed on fish otoliths, nuculid bivalves and benthic foraminifera and are presented 
as bulk 5lsO values relative to a well established regional sequence stratigraphie framework.The most significant positive shift 
in 5lsO values clearly falls at the top of the regionally recognised Bassevelde 3 sequence, which base corresponds to the 
Eocene-Oligocene GSSP boundary. T he here docum ented 5180  shift is closely associated with the base of the traditional 
Rupelian unit-stratotype and is tentatively correlated to the globally recognised Oi-1 event.
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Introduction

As a proxy for ea rth ’s changing clim ate, 5180  curves 
have been established for different regions all over the 
world. A t the Eocene-O ligocene transition , several 
notable positive excursions in the curve have been 
recognised, m ostly based on data from  the open ocean 
(e.g., Zachos et al., 1996, 2001; M iller et al., 1991, 
1998; A breu & A nderson, 1998; Bohaty & Zachos, 
2003). Beginning in the basal O ligocene, oxygen iso
tope values of m arine carbonates becom e significantly 
m ore positive than those of the late Eocene. T he earliest 
and largest m agnitude shift has been  term ed  the Oi-1 
event, and occurred betw een 33.5 and  33.05 M a 
(Zachos et al., 1996), slightly later th an  the Eocene- 
O ligocene boundary  at 33.7 M a (O din & M ontanari, 
1989). A lthough the prim ary  cause of this 5180  shift 
rem ains controversial (e.g., Lear et al., 2000), its global 
character is widely accepted and can thus be applied

to resolve stratigraphie problem s around  tha t crucial 
tim e interval.

T he southern N o rth  Sea Basin (Fig. 1) is of particular 
stratigraphie interest, because it is hom e of several 
unit-strato type sections o f the Paleogene, such as the 
R upelian Stage w hich has been  defined in the  Boom  
F orm ation  in  n o rth e rn  Belgium  (D um ont, 1849). 
A lthough the regional stratigraphie fram ew ork o f this 
region is well constrained, correlation to  the in ter
national tim e scale is often ham pered  around  the 
Eocene-O ligocene interval because o f the absence of 
tim e-indicative calcareous index fossils. T h e  base of 
the R upelian unit-strato type has been correlated to 
the M assignano section in central Italy by m eans of 
organic w alled  dinoflagella te  cysts (S tover & 
H ardenbol, 1994; Brinkhuis & Visscher, 1995) and 
proved to  coincide w ith a level well above the Eocene- 
Oligocene G lobal boundary  S tratotype Section and 
Point (GSSP). Vandenberghe et al. (2003) incorporated
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Fig. 1. A. Paleogeographic 
m ap of northw est E urope 
during Rupelian times. Shaded 
areas indicate land, white areas 
marine conditions. (Modified 
after Ziegler, 1990; Sissingh, 
2003). Coordinates represent 
present day U T M  coordinates. 
B. Location of studied sections.

these results into a regional sequence stratigraphie 
fram ework and  indicated  th a t the Eocene-O ligocene 
G SSP correlates w ith a level betw een the Bassevelde 2 
and Bassevelde 3 sequences, whereas the base o f the 
R upelian un it-stra to type  belongs to  the  younger 
Boom  sequence (see Fig. 2).

Isotopic studies on the N o rth  Sea Basin are lim ited 
(e.g., B uchardt, 1978; Schm itz et al., 1996) and  have 
never been  applied in stratigraphie problem s for the 
tim e interval discussed in this paper. T h e  goal o f this 
prelim inary study is to  docum ent the 5180  signal o f 
the Eocene-O ligocene deposits in the southern  N o rth  
Sea Basin, com pare it to  the globally recognised Oi-1 
event, and  to  evaluate its position in respect to the 
Eocene-O ligocene G SSP and the regional sequence 
stratigraphie framework.

G eological setting

D uring  the term inal Eocene and  transition  to  the 
Oligocene, n o rth e rn  Belgium  occupied the sou thern 
m ost p a rt o f the Cenozoic N o rth  Sea Basin (Fig. 1) 
and  today provides a well docum ented  reference shelf 
section for th a t tim e interval. T h e  Low er O ligocene 
Rupelian Stage has originally been defined in the stiff 
clays cropping ou t along the river Rupel in no rth ern  
Belgium  (Fig. 1), now adays lithostratigraphically  
referred  to  as the Boom  F orm ation  (Fig. 2). R ecent 
sequence stratigraphie studies distinguish four depo- 
sitional sequences w ithin the Eocene-O ligocene tran 
sitional interval (Bassevelde 1, 2 and  3 and Boom  1 
sequence) N P 1 8-N P 23 ; V andenberghe et al., 2003) 
and  in terp ret the Boom  F orm ation as p a rt o f a second
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Fig. 2. Positioning o f the Oi-1 isotope event o f Zachos et al. (1996) within the southern N orth  Sea Basin composite section, by calibration 
with the Bohaty & Zachos (2003) oxygen isotope curve. Form ations and M em bers that were sam pled in this study are indicated in bold in 
the composite section (CS). (*) marks the base o f the traditional Rupelian Stage; note the discrepancy with the official Eocene-Oligocene 
boundary GSSP. T he Bassevelde 3 sequence corresponds to  the m arine tongrian deposits. Calcareous nannoplankton zonation for the lower 
part o f  the section after Steurbaut (1992), for the upper part after Van Simaeys et al. (2004). A sum m ary o f all age calibration m ethods is 
given in Van Simaeys et al. (2004) and dates are given according to Berggren et al. (1995).

Oligocene sequence that starts at the base of the 
underlying Ruisbroek Sand M ember. T he older 
Bassevelde 3 depositional sequence hence makes up 
the first Oligocene sediments within the N orth Sea 
Basin. These insights result from detailed biostrati- 
graphical correlations by means of dinoflagellates 
(Stover & Hardenbolj 1994; Brinkhuis & Visscher3 
1995)3 showing that the exact position of the Eocene- 
Oligocene boundary as defined by the GSSP in 
Massignano (Central Italy) falls at the base of the 
Bassevelde 3 sequence^ well below the base of the tradi
tional Rupelian unit-stratotype (Fig. 2; Vandenberghe 
et al.3 2003).

The age of the N orth Sea Basin section is estab
lished based on detailed bio- and sequence strati- 
graphy3 and is further constrained by magnetostrati- 
graphic and geochemical anchor points (Stover & 
H ardenbolj 1994; Brinkhuis & Visscher^ 1995; 
Vandenberghe et al0 20013 2003; Van Simaeys et al.3 
2004; Lagrou et al0 2004). Appropriate age data for 
these anchor points as calibrated by Berggren et al. 
(1995) are summarized in Fig. 2.
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M aterials and M ethods Results and d iscussion

Fish  otoliths (ear stones, m ainly from  the family 
Congridae), nuculid  bivalves (Nuculana deshayesiana) , 
and  b en th ic  foram in ifera  (Cibicidoides spp. and  
nodosariids) from  the above m entioned  units were 
selected for analysis from  core and  outcrop samples 
in the sou thern  N o rth  Sea Basin (Fig. 1) based  on 
their size and  quality of preservation. O toliths and 
bivalves were sectioned and polished to  reveal fresh 
aragonite w ithin, and  sam ple trajectories were drilled 
perpendicular to the axis o f grow th in pristine portions 
of the structures w ith a M erchantek  M icroM ill so as 
to subsum e any in tra-annual variation w ithin the 
sam ple and  thereby  derive overall average bu lk  
com positions. T hree  to  five sam ples were collected in 
this m anner from  each specim en. Benthic foraminifera 
were p repared  as in T hom as et al. (2000). Between 5 
and 50 cleaned specim ens from  each sam ple were 
crushed and  pieces of test calcite selected for analysis. 
Stable oxygen isotope analyses were perform ed on a 
F in n ig an  M A T  251 m ass sp ec tro m ete r at the  
University o f M ichigan Stable Isotope Laboratory, 
and are reported  relative to theV P D B  standard.

56 fish otoliths, 14 nuculid  bivalves, and  10 benthic 
foram iniferan sam ples were analyzed for this initial 
investigation. W hile otoliths provide the bulk  of the 
data upon  w hich this p resen t analysis is based, w her
ever possible we have selected and sam pled otolith, 
bivalve, and foram iniferan carbonate from  the same 
sam ple horizons in o rder to  enable the establishm ent 
of in ter-taxon calibrations for use in  fu ture com pi
lations. T his will allow the extension of our record 
into the subsurface using borehole sam ples dom i
nantly  consisting o f foram inifera, and  across strati
graphie intervals in outcrop w here only one o f the 
three groups is present. In this m anner, a m ore com 
plete geochem ical record  can be generated  from  the 
m iddle Eocene through the O ligocene (D e M an  et 
al., in  preparation).

A com posite section (CS) was constructed  ranging 
from  the M iddle Eocene to  Low er O ligocene in  order 
to represent the sam pled interval (Fig. 2). T h e  corre
lation betw een the fully m arine sedim ents o f the 
C am pine area (no rthern  Belgium) and  the m ore m ar
ginal m arine sedim ents of the L im burg area (central 
to no rtheast Belgium) is based  on geophysical well 
log correlation (V andenberghe et al., 2001, 2003) 
com bined w ith calcareous nannoplankton (S teurbaut, 
1992) and organic walled dinoflagellate (D e C oninck, 
2001) biostratigraphy. A t present, no upper Eocene 
samples are included due to a lack of available ou t
crops; however we expect to  rem edy this deficiency 
using borehole sam ples in fu ture analyses.

T h e  resulting 5180  values from  all taxa are p lo tted  in 
Fig. 2, relative to  the  V PD B  standard . N o  correction 
factors have yet been  established and thus bulk  data 
are com pared to  fine fraction analyses o f Bohaty & 
Zachos (2003). Since no detailed curve has yet been 
established for shelf sections for the studied interval 
(L utetian  to  R upelian), ou r results are best com pared 
to  5180  variations w ithin the surface waters of the open 
ocean.

5180  values show a clear d istinction  betw een the 
m iddle Eocene and lower O ligocene sam ples, the 
form er ranging from  -2.5%o to  -0.5%o and the latter 
from  -0.5%o to  +l%o (Fig. 2). T h e  low erm ost 
O ligocene sam ples from  the G rim m ertingen  Sands 
(near-shore equivalent of Bassevelde 3 sequence, see 
V andenberghe et al., 2003, fig. 24.7) still show 
prevailing low 5180  values, ranging from  -2.5%o to 
-0.5%o. H ence, the m ain 5180  shift clearly falls above 
the Bassevelde 3 sequence, near the base o f the trad i
tional Rupelian Stage (or second Oligocene deposi- 
tional sequence according to Vandenberghe et al., 2003) 
(Fig. 2). Seen the m agnitude of the observed 5180  shift 
(~1.5%o) and its stratigraphie position, it is believed to 
correspond to  the Oi-1 event observed in  the  open 
ocean (com prising the Oi-1 a and  O i- lb  of Zachos et 
al., 1996, Fig. 4, 6; Bohaty & Zachos, 2003).

It is unlikely th a t these results are biased tow ard 
m ore negative values by either diagenesis or fresh
w ater influx. T h e  G rim m ertingen  Sands have no t 
suffered any significant diagenetic alteration, as shown 
by the unconsolidated  nature  o f the sands and  the 
preservation o f original aragonite w ithin the fossils. In 
addition, the presence of glauconite clearly points 
tow ards a m arine origin o f the sands, while the 
enclosed fossils give evidence for shelf conditions well 
below  wave influence, away from  potential estuarine 
areas (W inkelmolen, 1972; V andenberghe et al., 1998, 
p. 141-144). U nless the entire basin suffered from  
brackish conditions, it is unlikely th a t the negative 
5180  values can be explained by m ixing w ith fresh 
water. G eochem ical evidence from  513C or 86Sr/87Sr 
is n o t yet available to  unequivocally confirm  these 
findings, b u t will be considered in fu ture initiatives.

C onclusions

Prelim inary oxygen isotope data from  the well cali
b ra ted  southern  N o rth  Sea Basin successions indicate 
th a t the m ost significant positive shift in 5180  values 
(correlated to  the Oi-1 event o f Zachos et al., 1996) 
is situated  well w ithin the O ligocene if calibrated 
against the  E ocene-O ligocene GSSP. T h is study
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proves th a t the Oi-1 event falls above the Bassevelde 
3 sequence and  is thus closely associated w ith the 
base of the traditional R upelian unit-stratotype.
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