
Differentiating glacio-eustacy and tectonics; a case study
involving dinoflagellate cysts from the Eocene±Oligocene
transition of the Pindos Foreland Basin (NW Greece)

F. J. C. Peeters1,2*, R. P. Hoek1, H. Brinkhuis1, M. Wilpshaar1, P. L. de Boer3, W. Krijgsman4 and J. E.
Meulenkamp3

1Laboratorium voor Palaeobotanie en Palynologie, Universiteit Utrecht, Budapestlaan 4, 3584 CD Utrecht, The Netherlands,
2Faculteit der Aardwetenschappen, Vrije Universiteit, De Boelelaan 1085, 1081 HV, Amsterdam, The Netherlands, 3Instituut voor

Aardwetenschappen, Universiteit Utrecht, Budapestlaan 4, 3584 CD, Utrecht, The Netherlands, 4Palaeomagnetisch Laboratorium,

Universiteit Utrecht, Budapestlaan 17, 3584 CD Utrecht, The Netherlands

Introduction

Changes in relative sea-level caused by
tectonics and by glacio-eustacy are
often difficult to distinguish in the se-
dimentary record. High-resolution
stratigraphy and detailed information
on the palaeoenvironment are essential
to discriminate between these possible
mechanisms. Traditionally, chronos-
tratigraphic assessment and palaeoen-
vir- onmental information, including
proxies for, e.g., relative sea-level
change, bathymetry and sea surface
temperature (SST), are generated
through (quantitative) micropalaeon-
tology, notably the study of calcareous
microfossils and associated stable iso-
tope measurements (d18O, d13C). In
tectonically active settings, however,
this approach is often difficult, as the
signal becomes diluted due to a high
sedimentation rate as a result of a high
terrigenous influx. Furthermore, in-
creased reworking and limited preser-
vation notoriously hamper biochro-
nostratigraphic interpretations in
such situations.
Dinoflagellate cysts are very sensi-

tive to environmental changes, and are
being successfully used in high-resolu-
tion stratigraphy (cf. Wall et al., 1977;

papers in Head and Wrenn, 1992;
Stover and Hardenbol, 1993; Brin-
khuis, 1994; Versteegh, 1994; Zeven-
boom, 1995). Dinoflagellates which
produce organic-walled cysts, live par-
ticularly in neritic environments and
consequently occur in marginal marine
deposits; in more offshore settings,
however, the dinoflagellate signal gen-
erally consists increasingly of trans-
ported elements. This allows detailed
correlations along the inshore±offshore
transect and estimates of the relative
contribution of marginal marine ele-
ments. If also the proportion of terres-
trial palynomorphs (sporomorphs) in
offshore settings is considered, a proxy
for relative sea level change can be
established. In addition, the ratio be-
tween typical low-and high-latitude
dinoflagellate cysts has become a well-
established tool in the reconstruction of
sea-surface temperature trends (e.g.
Edwards et al., 1991; Edwards, 1992;
De Vernal, 1994; Versteegh, 1994).
In this paper we explore the potential

of quantitative palynological analysis,
with an emphasis on dinoflagellate
cysts as a tool to discriminate between
tectonically and glacio-eustatically dri-
ven sea-level change in tectonically ac-
tive settings. Prerequisites for such
assessment are (i) an interval in which
glacio-eustacy is accepted to play an
important role, (ii) an area for which a
relatively high-resolution well cali-

brated dinoflagellate zonal framework
is available for that interval, (iii) knowl-
edge of the palaeoecology of dinofla-
gellates (iv) an area which qualifies as
`tectonically active' at that particular
time, and (v) independent calibration of
the age assessments.
These prerequisites are met in the

Eocene/Oligocene (E/O) transition in
the Pindos Foreland Basin (PFB) in
Epirus (NW Greece). Glacio-eustati-
cally induced sea-level changes are gen-
erally acknowledged to occur in this
interval (cf. Saunders et al., 1984;Miller
et al., 1987; Kennett and Barker, 1990)
while during the late Eocene and early
Oligocene, the Ionian Zone became the
site of a foreland basin developing in
front of the Pindos thrust (Fig. 1). This
caused a pronounced shift in sedimen-
tation from carbonates into a thick
terrigenous-clastic-dominated succes-
sion (Aubouin, 1959, 1965; IGSR,
1966;Underhill, 1989). A detailed dino-
flagellate zonal scheme of the Upper
Eocene to Lower Miocene for the cen-
tral Mediterranean was recently estab-
lished by Wilpshaar et al. (1996). For
this scheme multiple sections from cen-
tral, NE and NW Italy were used and
calibrated against calcareous plankton
and palaeomagnetic stratigraphies on a
first-order basis. For the present study a
magnetostratigraphic analysis was per-
formed to cocalibrate the chronostrati-
graphic interpretations.
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ABSTRACT
In an attempt to discriminate between tectonically induced sea-
level changes and glacio-eustacy, the Ekklissia and Arakthos
sections (Epirus, NW Greece) are examined, applying (dinocyst)
palynology, sedimentology and magnetostratigraphy. The
sections, located in the Pindos Foreland Basin, both comprise
the transition from pelagic limestones to hemipelagic silty clays
and turbidite sandstones, reflecting the onset of flysch
sedimentation as a result of the Pindos thrust activity. Despite
an overall tectonic overprint, relative changes of sea level can be
reconstructed, using (i) continental/marine palynomorph ratios,

(ii) relative abundance of inshore and offshore dinoflagellate
cysts, and (iii) taxa indicative of relatively cold and warm sea-
surface temperature, that can be calibrated against the Global
Polarity Time Scale (GPTS). Increased fluxes of marginal marine
and continental palynomorphs coincide with colder periods on a
`third-order' scale, which thus appear to be related to glacio-
eustatic trends in sea-level. The larger scale is attributed to the
increasing effect of tectonics and acts on a `second-order scale'.
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Materials and methods

The Epirus region in northwestern
Greece (Fig. 1) is part of the NW±SE-
trending Hellenides-Dinarid orogenic
belt and a classic area for the study of
foreland basin development (cf. Au-
bouin, 1959; Underhill, 1989). In the
IonianZone (Fig. 1) of the PFB, pelagic
carbonates are overlain by a sequence
of terrigenous clastic deposits, often
referred to as `flysch' (Aubouin, 1959;
Piper et al., 1978; Fleury, 1980). Two
sections, the Arakthos and Ekklissia
section (Fig. 1, see also IGSR-IFP,
1966), incorporating this conspicuous
change in lithology were selected for
this study (Fig. 2). The Pindos Zone
served as themain source area of clastic
sediments of the Ionian Zone. The
Arakthos section is more proximal to
the thrust front than the one near Ekk-
lissia. Both sections were sampled for
palynological and palaeomagnetic ana-
lysis. The Ekklissia section used in this
study slightly differs from the one men-
tioned in IGSR (1966). The section we
used is located just North of the village
of Ekklissia and reflects the complete
record from limestone to flysch. Sam-
ple processing and the quantitative
analysis of palynological slides, follow
the methods discussed in Brinkhuis
(1994). Taxonomy of dinoflagellate
cysts corresponds to that in Lentin
and Williams (1993), Brinkhuis and
Biffi (1993) andBrinkhuis (1994). Stan-

dard palaeomagnetic cores were drilled
with an electric drill. From the lime-
stones of the lower part of the sections
orientatedhandsampleswere taken.All
samples were progressively demagne-
tized, either by applying alternating
fields or stepwise thermal demagnetiza-
tion. The natural remanent magnetiza-
tion (NRM) was measured on a
high-sensitivity 2G Enterprises cryo-
genic magnetometer, using DC squids.

Sea-level and sea surface temperature
reconstructions

Traditionally the fraction of terrestrial
palynomorphs (sporomorphs) relative
to the total amountof palynomorphs, is
used as a proxy for continental influ-
ence. Some authors (e.g. Traverse and
Ginsburg, 1966) also use this ratio as an
indication of relative sea-level change.
In this paper the continental±marine
proxy (CM) is expressed as the percen-
tage of pollen and spores in the total
palynomorph assemblage:

CM � C

C�M
�1�

in which C=continental palyno-
morphs (pollen and spores) and
M=marine palynomorphs (dinofla-
gellate cysts). Brinkhuis (1994) pro-
posed a model for the distribution of
dinoflagellate cyst groups across the
Trento (NE Italy) shelf during late Eo-
cene to earlyOligocene times. Themod-
el is based on known (Recent) and
empirically established (palaeo)ecologi-
cal information and distribution
patterns of quantitatively important di-
noflagellate cyst groups. In order to
interpret the dinoflagellate cyst associa-
tion, division into four ecological
groups was made, namely (i) taxa re-
presenting restricted marine to inner
neritic watermasses (RM), (ii) inner
neritic taxa (IN), (iii) outer neritic taxa
(ON), and (iv) oceanic taxa (OC) (Table
1). Both the CM ratio and fluctuations
in the dinoflagellate cyst ecological
groups may be regarded to primarily
reflect the distance to the coast, which
may be interpreted in terms of relative
changes in sea level. The reconstruction
of trends in SST is based on relative
abundance of the oceanic genera Impa-
gidinium and Nematosphaeropsis. Here
all Impagidinium spp. except for Impa-
gidinium pallidum and Impagidinium ve-

lorum are considered to represent low-
latitude, warm waters (cf. Brinkhuis
and Biffi, 1993). The latter two taxa
are regarded to represent the influence
from colder watermasses. This assess-
ment is based largely on present-day
distributions, and, in the case of Impa-
gidinium velorum, on fossil evidence (cf.
Bujak, 1984). All the taxa used for the
SST-proxy range through the investi-
gated interval. The following equation
representing relative SST (Zevenboom,
1995), is used:

Results and discussion

Dinoflagellate cysts

All samples contain rich and relatively
well-preserved palynological associa-
tions except for a few palynologically
barren samples in the lower part of the
Ekklissia section. Most dinoflagellate
associations are well diversified and
characterized by high percentages of
Spiniferites/Achomosphaera spp., Op-
erculodinium spp., and Systematophora
spp. Furthermore, Impagidinium spp.
and Nematosphaeropsis spp. are com-
mon in the lower and middle parts of
the sections. Deflandrea spp., System-
atophora spp. and Homotryblium spp.,
show higher percentages in the upper
parts. Occasionally, Areosphaeridium
spp., Thalassiphora pelagica, and Tec-
tatodinium spp. are abundant as well.
The qualitative dinoflagellate cyst

distribution allows the recognition of
the Lower Oligocene Adi, Rac and Cin
Mediterranean dinocyst Biozones of
Brinkhuis and Biffi (1993), spanning
parts of Chron C13r±C12r (34.0±32.5
Ma, Berggren et al., 1995) in both sec-
tions. At Arakthos, the uppermost Eo-
cene Aal and lowermost Oligocene Gse
Biozone are represented also (Fig. 2).

Palaeomagnetism

The ChRMdirections show on average
a 488 clockwise tectonic rotation for the
Arakthos section, which is in good
agreementwith the results fromHorner
and Freeman (1983) andKissel and Laj
(1988) who report rotations of 45±508.
This large rotation of the ChRM en-
ables us to distinguish between a pri-
mary normal direction and a normal
overprint. The presence of both normal
and reversed directions confirms the
primary origin of the magnetization.
Unfortunately, some samples show
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Fig. 1 Map of the Epirus area (NW
Greece) and location of the investigated
sections in the Ionian Zone. During the
late Eocene to early Oligocene the Ionian
Zone became the site of a foreland basin
(Pindos ForelandBasin)which developed
as a result of the Pindos thrust activity.
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such a low intensity that no reliable
directions could be determined (e.g. at
Ekklissia below and above a normal
polarity interval). The ChRM direc-
tions of the Arakthos section record
allow the recognition of a well-defined
normal polarity interval, comprising
the upper part of the Gse Zone, the
whole Adi Zone and the lower part of
the Rac Zone (Fig. 2). Despite some
uncertainties, the results from the Ekk-
lissia section indicate a reversed polar-
ity for the Cin Zone and a normal
polarity for the lower part of the Rac
Zone (Fig. 2). Comparison of the bios-
tratigraphic and magnetostratigraphic
results with the scheme of Wilpshaar et
al. (1996), indicates that the normal
polarity interval in both sections repre-
sents Chron C13n. Palaeomagnetic
data thus confirm that both sections

are largely time-equivalent, and, more-
over, they indicate that the transition
from limestones to terrigenous clastic
deposits is older at Arakthos than at
Ekklissia (Fig. 2).

Sea-surface temperature and sea-level
reconstructions

Trends in dinoflagellate cyst ratios and
ecological groups can be interpreted as
fluctuations in continental influence,
relative distance to the coast and sea-
surface temperatures (Fig. 2). The low-
er parts of the sections are dominated
by outer neritic and oceanic taxa, in-
dented by small excursions of restricted
marine and inner neritic ecological
groups, reflecting relatively outer neri-
tic to open marine conditions for the
lower part of both sections. An increas-

ing CMproxy, in both sections, mimics
the shift from carbonates to terrigenous
clastic sedimentation. Similarly, an up-
ward increase of restricted marine and
inner neritic dinoflagellate cysts indi-
cates increasing influence of marginal
marine settings. On average, the per-
centages of sporomorphs and marginal
marine dinoflagellate groups is higher
at Arakthos than at Ekklissia, reflect-
ing the more distal setting of the latter.
At Arakthos, where the uppermost Eo-
cene is identified, three distinct inter-
vals are recorded in the CM curve; the
first associated with the Aal and Gse
zones (5 20% continental palyno-
morphs), the second within the Adi
and Rac and lower part of the Cin
Zones (20±40% continental palyno-
morphs), and the third within the Cin
Zone (4 40% continental palyno-
morphs). The distribution pattern of
the oceanic ecological group shows a
similar three fold division.
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Slightly below the Rac/Cin zonal
boundary (middle Early Oligocene) the
combined outer neritic and oceanic di-
noflagellate cyst group reach maximum
values of& 80%of the total association
in both sections. Slightly higher in the
sections, the composition of the dino-
flagellate cyst association changes
abruptly and becomes dominated by
inner neritic taxa. This sudden change
in composition occurs in both sections
at the base of the Cin zone and is
regarded to be isochronous. Remark-
ably, this change in the dinoflagellate
cyst assemblage seems tobe unrelated to
the terrestrial influx, since the CM ratio
remains virtually constant in this inter-
val. The upper part of both sections,
assigned to the Cin Zone, is character-
ized by high percentages of both the
combined restricted/inner neritic group
and sporomorphs, indicating that mar-
ginal marine and continental influxes
became overwhelmingly dominant.

Sequence stratigraphy

Following the sequence stratigraphic
model of Vail et al. (1977) and applying
the CM ratio and dinoflagellate data
combined with lithological changes, a
tentative subdivision into system tracts
is proposed. Using also the available
dinoflagellate zonal scheme, three
third-order cycles can be recognized at
Arakthos (Fig. 2). Theoldest cycle starts
at the base of the limestone channel and
ends just before the Adi±Rac transition.
The top of the second cycle is drawn just
above the last pelagic limestone layer, at
the base of a thick succession of marls,
silts and eventually, coarser grained
sandy turbidites.

At Ekklissia, the more condensed
section, changes are less clear, notably
in the lower part of the succession. A
first sequence boundary is placed at the
base of the inception of more marly
sedimentation in the Adi zone. Similar
to Arakthos, the top of this cycle is
drawn just above the last pelagic lime-
stone layer, at the base of the succession
of marls, silts and coarser grained san-
dy turbidites. At the Eocene/Oligocene
transitional interval, Haq et al. (1988)
also recognize three third-order cycles
(TA4.3, TA4.4 and TA4.5); that they
were recognized in central and north-
east Italy with the use of dinoflagellate
palynology, and the sequence bound-
aries occur in the same biozones (Brin-
khuis and Biffi, 1993; Brinkhuis, 1994),
stresses their inter-regional character.
Although the cycles have been tectoni-
cally enhanced (TA4.5) or subdued
(TA4.3/TA4.4), their position seems
to agree with theHaq et al. (1988) chart
for the late Eocene and earlyOligocene.
The concomitant overall change of

both lithology and palynology indi-
cates that tectonics play an important
role. However, it appears that within
this larger scaled trend, shorter termed
cyclicities occur, which, by using the
biochronostratigraphy, can be attribu-
ted to the so-called `third order' cycles
sensu Haq et al. (1988). The larger
scaled trend may thus be attributed to
second-order cyclicity.

Tectonics vs. glacio-eustacy

Between the sections the alternating
pattern of colder and warmer intervals
canbe reasonably correlated (Fig. 2). In
the Ekklissia section, two intervals with

relatively cold SSTs are recognized, one
in the Adi and one during lower part of
the Cin biozone. At Arakthos, three
intervals with relatively cold SSTs are
recognized, namely besides the Adi and
lower Cin biozones, but also during the
Aal biozone. Following the Vail et al.
(1977) sequence stratigraphic model, it
may be anticipated that if a relationship
between third-order cyclicity and gla-
cio-eustatic cycles exists, SSTvalues are
low during late HST and (early) LST.
This appears to be the case in our study
of the Arakthos and Ekklissia sections.
Hence, our records support an under-
lying glacio-eustatic mechanism as the
cause for sea-level lowering and in-
creased transportation of marginal
marine elements, with a cyclicity of
& 500 Kyr (third-order). The lower
order trend does not show a relation-
ship with cool/warm cycles, although it
clearly has impact on the composition
of the palynological associations. This
lower, second-order trend with a cycli-
city of 4 1 Myr, may thus be ascribed
to large-scale compressional tectonics.

Conclusions

The transition from limestone sedimen-
tation into siliciclastic sedimentation
(flysch) in the Arakthos and Ekklissia
sections from the Pindos Foreland Ba-
sin occurred at 33.6±32.5Ma, following
the timescale of Berggren et al. (1995),
using dinoflagellate cyst zonation and
magnetostratigraphy. The lower part of
the transition is characterized by rela-
tively high abundances of outer neritic
and oceanic taxa, whereas the upper
part is dominated by restricted and in-
ner neritic marine taxa. In addition,
relative percentages of terrestrial paly-
nomorphs increases significantly upsec-
tion. In both sections increased fluxes of
transported material, taken as indica-
tive for sea-level fall coincide with rela-
tively cold dinoflagellate-basedSSTs on
a third-order scale sensu Haq et al.
(1988). In both sections there seems to
benoobvious relationship betweenSST
trends and the larger scale (second-or-
der) trend as evidenced by the sporo-
morph and inshore/offshore dinoflagel-
late ratios. It is considered that this
larger scale trend is the expression of
the increasing effects of tectonics (i.e.
approach of the Pindos thrust front),
while the smaller scale cyclicity corre-
sponds to the third-order cycles of Haq
et al. (1988). The chronostratigraphical
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Table 1 Based on empirically established (palaeo) ecological information (Brinkhuis,
1994), the dinoflagellate cyst association is divided into four ecological groups. The
subdivision is on genus level, except for Spiniferites and Hystrychokolpoma which
were subdivided up to species level dinoflagellate cyst ecological groups

Restricted Inner neritic

Eocladopyxis spp. Areoligera spp. Hystrichokolpoma spp. (pp.)

Homotryblium spp. Cordosphaeridium spp. Operculodinium spp.

Phthanoperidinium spp. Deflandrea spp. Schematophora spp.

Polysphaeridium spp. Glaphyrocysta spp. Spiniferites spp. (pp.)

Wetzeliella cpx. Heteraulacacysta spp. Systematophora spp.

oceanic outer neritic

Impagidinium spp. Ennadeacysta spp. Spiniferites spp. (pp.)

Nematosphaeropsis spp. Hemiplacophora spp. Stoveracysta spp.

Hystrichokolpoma spp. (pp.) Tectatodinium spp.

Reticulatosphaera spp. Thalassiphora spp.
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position of the sequences matches those
reported by these authors, and may be
ascribed to glacio-eustacy. Therefore, it
is concluded that the trends and fluctua-
tions in inshore/offshore ratios in the
sections mirror the interference of cli-
matically controlled (third-order) and
tectonically induced (second-order)
sea-level fluctuations. This study de-
monstrates the potential of quan-
titative dinoflagellate studies as a tool
for high-resolution stratigraphic and
palaeoenvironmental analysis.
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