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23.1 INTRODUCTION

The Megalopolis Basin, situated on the central
part of Peloponnese in southern Greece, is an in-
tramontane half-graben basin, which was formed
during the Pliocene and is nowadays one of the
largest coal mining districts in Greece. During the
Pleistocene, lacustrine and fluvial sediments were
deposited, including the lignite-bearing Mara-
thousa Member of the Choremi Formation (Vink-
en, 1965). The sedimentary sequence of the Mara-
thousa member has a total thickness of ~150 m at
the center of the basin, and includes alternations
between clastic sediments (clay, silt and sand) and
5-30 m thick dark brown lignite seams, interca-
lated with thin clastic layers (van Vugt et al., 2000
and references therein).

Previous paleoenvironmental research based
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on ostracods focused on the Middle Pleistocene
(Lower Palaeolithic) site of Marathousa 1 (MAR-
1; Fig. 1a), located between the Lignites II and III
of the Marathousa Member, and dated to 500-400
ka (see Harvati et al., 2018, Panagopoulou et al.,
2018 and references therein; Bludau et al., 2021).
In this study, we present new paleoenvironmental
evidence from lower stratigraphic horizons of the
Marathousa Member, based on the ostracod record
from the site Kyparissia 4 (KYP-4). KYP-4, locat-
ed in the Kyparissia mine (Fig. 1a), was discovered
in 2007 and has yielded a rich assemblage of large
mammals, including hippopotamuses, elephants
and deer (Athanassiou, 2018; Athanassiou et al.,
2018). The site was recently revisited during a tar-
geted field survey in the framework of the Meg-
alopolis Paleoenvironmental Project (MegaPal).

Besides the collection of additional large mammal
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fossils (Athanassiou et al., this volume; Konidaris
et al., this volume), sampling for molluscs (Boni et
al., this volume), micromammals (van Kolfschoten
et al., this volume) and ostracods (present study)
also took place. Preliminary stratigraphic and bio-
chronological data indicate that KYP-4 is older
than MAR-1, and is dated close to the lower part
of the Middle Pleistocene (Athanassiou, 2018; this
volume; Karkanas et al., this volume; van Kolf-
schoten et al., this volume). The KYP-4 sedimen-
tary sequence has a thickness of ~4.50 m and is
divided into several distinct stratigraphic units,
comprised by alterations of dark grey organic rich
mud layers with an intercalation of a relatively thin
lignite layer (Fig. 1b).

Ostracods are one of the most frequent micro-
fossils found in archaeological and paleontological
excavations, due to their existence in a wide vari-
ety of paleoenvironments (Mazzini et al., 2015).
Especially in freshwater settings, where other mi-
crofossil groups such as foraminifera, are lacking,
ostracods can provide extremely detailed informa-
tion about the paleoenvironment and the paleocli-

mate. For this reason, ostracods in the last 20 years

have become a fundamental addition to multidis-
ciplinary archaeological and paleoanthropologi-
cal research (Mazzini et al., 2015). In the present
study, ostracod analysis is conducted in samples
deriving from different layers of KYP-4 (Fig. 1b),
aiming at the paleoenvironmental reconstruction

of the studied section.

23.2 MATERIALS AND METHODS

Seven sediment samples were analyzed for ostra-
cods originating from KYP-4 Area A (the main
find-bearing area; Fig. 1). 1000 g of dry sedi-
ment was treated with 10% H2O2 until reaction
stopped (3 to 24 hours, depending on the sam-
ple). The residues were washed through a 2 mm
and 125 um sieve using distilled water and further
dried overnight at 50°C. All ostracod valves were
extracted under OPTIKA stereoscopes. Ostracods
were photographed digitally with OPTICAM BS
5 Mpx stereoscope camera. Identification, ecology
and distribution information of ostracod species
were derived mainly from Meisch (2000), Fuhr-

Marathousa 1
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Figure 1: a, Upper left corner: geographic position of the Megalopolis Basin; center: geographic position of Kyparissia 4 and Ma-
rathousa 1 in relation to the main lignite mines of the Megalopolis Basin (satellite image from Google Earth); upper right corner:
distant view of Kyparissia 4. b, simplified stratigraphic column of KYP-4 (Area A) showing the stratigraphic units and the position

of the samples taken for the ostracod analysis.
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mann (2012), several papers on the Stereo Atlas of
Ostracod Shells (Athersuch, 1976), and other avail-
able published literature. Taphonomic indices were
calculated (wherever possible) and interpreted after
Schellenberg (2007) with: a) The adult to juvenile
ratio (A/]) as an indirect indication for the energy
of the environment. Values between 0.125-0.25
are typical for in situ death assemblages. Higher
values reflect in situ death assemblages with ta-
phonomic removal of juveniles. Significantly lower
values could reflect transported juvenile valves or a
mass death event (Belis et al., 1997; Schellenberg,
2007). b) The right valve/left valve ratio (RV/LV)
for merely the same reason (Breman, 1980). Values

significantly different from one (1) imply transpor-

tation of juvenile valves.

23.3 RESULTS AND DISCUSSION

Six out of the seven sediment samples (samples
2-7; stratigraphic units UA5-UA9) were barren
of ostracods and/or contained either complete or
broken molluscs, while in sample 4 (UA7), terres-
trial microvertebrate bone fragments were found
(Table 1). Nonetheless, a relatively rich ostracod
taphocoenosis was extracted from sample 1 (UA4;
63 ostracod valves). UA4 is a crudely laminated
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Table 1: Ostracod analysis results and taphonomy.
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dark organic-rich mud with few sand clasts de-
posited in a low energy depositional environment.
Ostracods thrive in hydrological regimes with low
and moderate flow discharge but cannot withstand
higher rates (Roca and Baltanas, 1993). Thus, the
lack of ostracods in the other six samples could be
connected to higher flow discharge.

In sample 1 (UA4), three ostracod taxa were
identified down to the species level, while valves
of juvenile stages were also picked (Fig. 2). Most
of the identified ostracod valves (76%) belong to
juvenile stages of Candoninae. However, the RV/
LV ratio bears a value of 0.57, which indicates that
some of them or all of them were transported from
nearby freshwater environments.

Valves of the species Fabaeformiscandona breui-
li (Paris, 1920) account for 17% of the ostracod
assemblage. It is a widespread species throughout
central and southern Europe, present from Pleis-
tocene to recent. It is a predominantly stygobiotic
species, but it can also survive in surface environ-
ments always connected to underground waters
(springs, waters flowing from springs, caves, etc.)
(Meisch, 2000). As a fossil, it has been found most-
ly in interglacial conditions and/or in transitional
conditions between the glacials-interglacials of
central Germany (Fuhrmann, 2012). Only adult
valves of this species were found (A/] ratio = 10),
an indication of an in situ death assemblage with
high taphonomic removal of juveniles. Relatively
high transportation rates are also implied from the
RV/LV ratio for the same species (RV/LV = 1.5).
1900)
(5%) and Cyclocypris cf. ovum (2%) complete the

Potamocypris  zschokkei (Kaufmann,

taphocoenosis. Potamocypris zschokkei is wide-
spread throughout Europe since the Pleistocene
and it has been reported from interglacial and late
glacial deposits (Fuhrmann, 2012). It is most-
ly found in muddy streams flowing from springs
and, to a lesser extent, in stagnant waters of spring
ponds (Meisch, 2000). Cyclocypris ovum (Jurine,

1820) prefers cool permanent water bodies, but it
can survive in a wide variety of aquatic environ-
ments. Nevertheless, it seems to be reduced in high
summer water temperatures and high precipitation
rates (Fuhrmann, 2012). The number of valves of
both species was not enough for the calculation of
taphonomic indices. Actually, the C. cf. ovum valve
corresponds to a juvenile individual and for this
reason its identification to the species level is not
ascertained. However, regarding their preservation
condition (fragmentation, color, etc.), the valves
of Potamocypris zschokkei and Cyclocypris cf. ovum
do not show signs of significant transportation and

were probably deposited in situ. It is worth noting
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Figure 2: Digital photos of the identified ostracod taxa. 1.
Fabaeformiscandona breuili a) left valve, external, b) left valve,
internal; 2. Potamocypris zschokkei a) right valve, external, b)
right valve internal; 3. Cyclocypris cf. ovum a) right valve, exter-
nal, immature, b) right valve, internal, immature; 4. Candona a)
right valve, external, juvenile b) right valve, internal, juvenile.
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that nowadays P zschokkei in combination with C.
ovum are found in Pyrenean Bi-carbonate springs
(connected to limestone basement) with relatively
low temperatures (possibly lower than 15°C), low
mineralization and wet climate (Mezquita et al.,
1999). A significant number of widely distributed
cold-water stenothermal species occurs in that area
(a transitional area between northern/central Eu-
ropean and Mediterranean regions), implying that
those habitats acted as refugia for widely distrib-
uted species during the glacials (Mezquita et al.,
1999), which could also be the case for the Middle
Pleistocene Megalopolis Basin.

The number of species in the respective sam-
ple is apparently low which points towards stressed
environmental conditions. Due to the identified
species’ ecological preferences, the connection of
the depositional environment to a cool carbonate
spring is indisputable. The limestone basement
(belonging to the Pindos geotectonic zone) of the
studied area is in good agreement with the inferred
paleoecological data. The low number of individ-
uals can be attributed to the low stability of the
springs (Mezquita et al., 1999) or more likely to
a less favorable depositional environment such as
a stream flowing from the spring. This is further
supported by the high transportation rates of Can-
doninae, implied by the respective taphonomic
indices. The ostracod assemblages of such environ-
ments are not well studied, probably due to the
high diversity of microhabitats.

The coexistence of P zschokkei and C. ovum
points towards a wet climate with no extreme sum-
mer temperatures. Because of the extremely low
number of individuals, this paleoclimate estima-
tion must be applied with caution. Moreover, both
E breuili and P zschokkei are commonly found in
interglacial and/or transitional stages of central Eu-
rope. Therefore, the climatic conditions during the

deposition of the respective layer should have resem-

bled those that prevailed in regions further north,
during interglacial or/and transitional stages.
Samples with high numbers of juvenile Can-
doninae have also been noticed at MAR-1 (strati-
graphic units UA2 and UA3 of Area A, and UB3
and UB4 of Area B; Bludau et al., 2021). At this
site, P zschokkei was also observed in low frequen-
cies (samples from UB3 and UB7). However, some
samples from MAR-1 (UA2, UA3, UB3, UB4)
contained also several representatives of [lyocypris
spp. The paleoenvironment of MAR-1 was also
interpreted as deposition in streams or ponds de-
riving from springs’ water. However, in the sample
UA4 of KYP-4, Ilyocypris spp. are totally absent.
This can possibly be attributed to slightly high-
er water temperature and/or higher range differ-
ence between summer and winter temperatures
at MAR-1 (Roca and Baltanas, 1993). It is worth
mentioning that in the study of Liittig (1968) on
the ostracods of Megalopolis Basin, none of the
identified species at KYP-4 have been mentioned,
while Fabaeformiscandona breuili is not recorded
either at MAR-1, thus it is reported for the first

time from the Megalopolis Basin herein.

23.4 CONCLUSIONS

In this work, ostracod analysis shed light on the pa-
leoenvironmental conditions that prevailed during
the deposition of organic rich mud layers at the
early Middle Pleistocene site of KYP-4. The dif-
ferent layers of the studied section must have been
deposited under fluctuating flow discharge rates.
The sample from the stratigraphic unit UA4 (the
main lithic/vertebrate-bearing layer) was deposited
in a slow to moderate flowing stream fed by a cool
(constantly lower than 15 °C) carbonate spring.
Even if the data presented herein are restricted,
they are possibly indicative of a wet climate with
relatively stable temperatures throughout the year.
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The climatic conditions during the deposition of
this layer could resemble the interglacial or transi-
tional conditions of central Europe. More research
is needed in order to confirm these climatic con-

ditions.
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