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ABSTRACT

A Greek-French team worked in this important but poorly
documented area with the aim of obtaining new mammalian remains
and determining the magnetic stratigraphy. Mammals were found at
three different horizons. We also sampled a 46m thick section at
32 horizons for a paleomagnetic study. The I.R.M. shows that the
main magnetic carrier is magnetite. Stepwise thermal
demagnetization of 80 specimens allowed to identify the presence
of two components, the soft secondary overprint and the hard
primary one. The section presents a long reverse polarity zone
interrupted by a normal zone. This succession can be only partly
correlated with the polarity timescale since the Middle Miocene
is a period with a high fregquency of reversals. This study also
leads to some tectonic results as the mean declination implies
about 25° counterclockwise rotation of this island since Middle
Miocene. '

NAAATOMAINHTIKA KAI BIOZTPQMATOTFASIKA ZTOIXEIA
ANO THN ANOAICGQMATOPOPO OEXZH TOY MEXOY MEIOKAINOY TQN OYMIANQN
(XIOX, EAMAAMA)
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NEPIAMHYH

Mia EAAnvoyaAiiiuy opdda epydobnxe o' qutiv Tnv onuavrtiui
aird eAEXLOTX YVWOTH TepLoxny He oxomd va HEAETNHOEL VEQ
ATMOA L BOHATH  BNAQOTLMWY  HAL TNV  HXYVNTOOSTPWHATOYPAPI & TNG.
OnAaoTtind PBpebnuav oge TpelLg dragopeTimoVg opigovieg. Emiong
HEAETAONHOY HE MAAALOUXYVNTLOUS del(ypaTa and 32 opiCovIieg de Tour
M&xoug 46m. H LodBepun payvition deixvel &TL 0 #OPLOG HAYVNTLHEG
popeag elval o payvntitng. H Bepuinn amopayviTion ge 80 Selypata
€detfe TNV Tapouoia dGo cuviaoTwowy, Hiag devtepedovoag "paianig!
HAL TNG AVOERT LUAG TPWTEBOLVOXG HAYVATLONG. H Tourd Tapovo(dgeL uLa
gWvn avaoTpopng MOALMSTNTAC Tou SLovdmTeTal aAnd £va HavovLnd
ouvpBdv. H diaboxn auth elival HeEpLHWG HEVO CUYMP{OLUN MHE TNV
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HA[pora Tou Meronaivou To onoilo eival meplodog peyding guxvéTnTag
avaoTpopwv. H HeEAETN auTrh odnyel uaL oe TEHTOVIHA AMOTEAECHAT
a@ol 1 HEON amSHALON CUVETAYETAL HIG ApLOTEPSCTPOPN TEPLOTEOPN
25° and to MEgo MeLdnaiLvo.

INTRODUCTION

The island of Chios is situated in the eastern part of the
Aegean Sea (Fig.l). The greater part of the island consists of
Paleozoic clastic rocks, mainly greywackes, shales, conglomerates
and limestones. The Mesozoic sediments are mainly recrystallized
limestones which are overlain unconformably by the Tertiary
formations (Kilias, 1982). Neogene continental deposits, known
by their middle Miocene mammalian fauna, are exposed 1in the
southeastern part of the island (Fig.l). The earliest reference
about the occurrence of mammalian fauna in one locality, Michalou
clay pit, is that of Paraskevaidis (1940) who described a faunule
from this locality. Later a Greek-German team visited the area
several times and some small collections of mammals and
micromammals have been described (Melentis and Tobien, 1967;
Tobien, 1968, 1977). Parallel to these palaeontologic researches
the geology of the Neogene deposits has been studied (Besenecker,
1973), while Rothausen (1977) has presented a detailed
lithostratigraphy of the mammal bearing horizons. Nevertheless
the few collected fossils and the doubtful determinations cannot
give a certain age for the deposits. More recently a team of
Greek and French geclogists has begun to work in the area. The
main aims of the group are a) to collect more mammalian fossils
and to use these 1in the biochronology, b) to study the
palaeomagnetism of the deposits for a magnetostratigraphic age
determination and c¢} to correlate all these data with the
lithostratigraphy for the detailed dating of the deposits. The
work began in 1991 and it is planned to be continued this year
(1993). The first results of this investigation, mainly
palaeomagnetic, are presented in this paper.

STRATIGRAPHY

The main bedrocks of the Chios Neogene basin are the
Mesozoic limestones which outcrop in both its north and west
edges (Fig. 1). The Neogene deposits have been subdivided by
Besenecker (1973) into four lithostratigraphic units which are,
from the bottom to the top, as follows:

a) The Thymiana Formation, consisting of pink or red colored
sandstones and siltstones.

b) The 2Zyfia Formation is gquite similar in colour and
lithology to (a), but with intercalations of marls and clays.

c) The Keramaria Formation <consisting of wvarious
lithologies, from sandstone to clay; several channel deposits
with limited lateral extent can be observed. The main part of
these deposits are obviously formed in a floodplain environment
with sporadic water ponds. Remains of vertebrates are found only
in this formation.

d) The Nenita Formation. This covers the southern part of
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the Neogene basin. The sediments are an alternation of limestones
and blue-green dgray marls and clays. These deposits contain
several lenticular intercalations of black (lignitic ?) clays
with fresh water molluscs.

The time span covered by these four formations is thought
to be from the late Oligocene or early Miocene to the Pliocene.
This is based on the mammalian occurrences in the Keramaria
Formation and on the molluscs studied by Schutt and Besenecker
(1973) . These deposits are often faulted, indicating an active
tectonic regime in the area since their deposition. The dips
measured in the vertebrate bearing horizons are about 12° 5.

MAMMALIAN FAUNAS

The first mammals described by Paraskevaidis (1940) come
from the Michalou clay pit, and were collected by workmen when
they were digging in this guarry for clay to be used in the local
tile factory. The German team later numbered nine fossiliferous
localities (Rothausen, 1977) belonging to different stratigraphic
horizons, but all in the Keramaria Formation. In the subseguent
faunal list published by Melentis and Tobien (1960) by Tobien
(1968, 1977, 1980) and by Lehmann and Tobien (in press) the
origin of different mammalian taxa is not indicated. Therefore,
by compilation of these faunal lists, the following species of
large mammals have been found by the previous workers in and near
this quarry; Choerolophodon chioticus, Deinotherium bavaricum,
Sanitherium leobense, Listriodon 1lockharti, Dorcatherium aff.
crassum, Tragocerine indet., Eotragus of sansaniensis aff. Euprox
furcatus, cf. Palaeomeryx eminens, aff. Turcocerus gracilis, cf.
Caprotragoides potwaricus and Cazella stehlini. Moreover, Tobien
(1968) published a preliminary list of small mammals found in
this quarry; Cricetodon sp. I (large) and II (small), Megapedetes
sp., Phiomyidae indet., Prolagus sp. and Insectivora indet. This
mammalian assemblage was correlated with MN5 or MN6 (middle
Miocene) .

Our investigation in this guarry during 1991 allowed us to
find mammalian remains in three different horizons which are
situated from the bottom of the quarry at 22m (Loc. THA) at
29.30m (Loc. THB) and at 35m (Loc. THC). The two localities THA
and THC include only micromammals while THB includes
macromammals. Since most of the collected material is still under
study the determinations are quite uncertain. Nevertheless the
following species were found: Choerolophodon chioticus, Lophocyon
sp., Giraffokeryx sp., Sanitherium sp., and Hypsodontus sp.

MAGNETOSTRATIGRAPHY

A) Sampling and measurements

A 46m-thick section with fresh outcrops was sampled for
magnetostratigraphy. 32 horizons (sites) have been chosen among
which 24 were drilled, while oriented handsamples were taken from
the remaining 8 because of their fragility. The intervals between
sites are irregular, according to the gquality of the exposure and
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the lithology which varies from sandstone to clay. Nevertheless
the principal units have been sampled and our collection is
representative of the section.

Cylindrical cores of standard volume have been obtained in
the laboratory. All the paleomagnetic measurements were carried
out at the Paleomagnetism laboratory of the "Institut de Physique
du Globe" (Paris). A three-axis C.T.F. cryogenic magnetometer was
used to measure the magnetic remanences. NRM intensities were in
general strong with values ranging between 95 mA/m and 1mA/m.

B) Palaeomagnetic analvses.

After room temperature measurements of the NRM, at least one
specimen from each core was chosen — minimum 3 specimens per site
- for the demagnetization process. A total of 81 specimens have
been demagnetized in steps from 100°C up to 650°C (15 steps with
intervals of 30°-50°C). The low-field magnetic susceptibility was
measured on pilot samples after each heating step, using a
susceptibility bridge. The susceptibility shows no significant
change up to 200°%. After this step a regular and progressive
decrease is displayed by alimost all samples except for site 5
where an increase 1is noticed. This appears to be linked to
transformation of magnetic minerals due to heating (Fig.2a).

The stepwise acquisition of isothermal remanent
magnetization (IRM) was performed on samples from different
lithologies in order to identify the magnetic carriers. The IRM
saturation curves show a general tendency corresponding to the
presence of magnetite (Fig.3). Furthermore the presence of
magnetite is also deduced from the demagnetization process as the
intensity of the magnetization decreases significantly between
550° and 625°.

The thermal demagnetization and all additionnal measurements
were performed in an nonmagnetic room.

We initially followed the evolution of remanence directions
during demagnetization in order to check the critical changes
related to temperature (Fig. 2c,d).

The different components of magnetization were determined
by means of a computer program applied to the Zijderveld plot for
each sample. We noticed the presence of a strong secondary
component with normal polarity and a direction close to the
present - day field (Fig.2). As thermal demagnetization
progresses, directions change from normal to inverse polarities.
Practically all samples were partially remagnetized thus the need
to exceed at least 300°C in order to reach the primary component.
After 300°C we can distinguish two cases:

i) Samples with a strong remanence, where a well defined primary
compoment can be identified.

ii) Samples with a weak remanence, where directions are rather
fluctuating.

In order to define the declination and inclination angles
of the primary components we have taken into account the
evolution of the susceptibility, rejecting data points above the
temperature at which susceptibility changes drastically.

630

WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.




30014

2507+———"'\\\¥
200+

(@)

150 4
100 \\
o
50+
o] - - T - - - v
o 100 300 500 700
Step
NN
X +
| —
E UP
+ o
™ |
R
R
(c)
Fig. 2.

Typical demagnetization
evolution of susceptibility

versus temperature (c},

projections in stratig;aphic

(b)

b Mmax = 17.7 mA/f'n

x
<
z |
2 +
________ X-;.—\— -
|
| AN
0.0 —
o 100 300 500 700
Step
N
O Lower
4 Upper

)

diagrams during heating (a)
(b) normalized magnetization
Zijderveld and stereographic

coordinates.

WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.



s
L ——

2 4 8 8 1 1.2 14 T

T g —_——

Fig. 3. Example of typical IRM acguisition curve indicating the
presence of magnetite.

For about half the specimens we used a computer programme
in order to define the best fit towards the origin. The remaining
half (the low-stabilility samples) have yielded only indicative
values and we considered as a characteristic magnetization the
direction of one point. The selected D,I values appear in Fig.4.

C) Magnetostatigraphic_results.

The resulting magnetic stratigraphy of the Thymiana section
is presented in Fig.5. which gives the declination and
inclination for each sample plotted as a function of the
stratigraphic position. We observe the presence of a long zone
of reverse polarity interrupted by a short one of normal
polarity, (about 3m thick) corresponding to site THY-3 which is
preceeded and followed by sites of intermediate polarities.

CONCLUSIONS

The guality of the sampled sediments turns out to be guite
adeguate for paleomagnetic study. The section is dominated by a
long reverse zone interrupted by a short normal one. These
results are not easy to correlate with the scale of inversions
for Miocene. Nevertheless, the presence of the reverse zone and
the biostratigraphic age given by mammals allow us for the moment
to suggest a possible correlation either with CHRON 5B Reverse
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Fig.4. Selected D,I values for the calculation of mean direction.

or with CHRON 5C Reverse. This corresponds to possible ages
either between 16.2 and 15.0 Ma or between 17.6-16.9 Ma. In 1993
we plan to continue the sampling towards the upper part of the
section with the hope of finding zones with different successive
polarities.

Our results have also been examined from a different point
of view in order to attribute to them a possible geotectonic
significance. After selecting the 40 specimens which gave the
best results we calculated their mean direction (Fig.4). The mean
declination D=156°%5° indicates a clear counterclockwise rotation
of about 25° since the Early-Middle Miocene.

This is the first time that such a counterclockwise rotation
has been obtained for the Eastern part of Aegean, though many
tectonic models have been predicting one. (Kissel and Laj, 1988;
Sonder and England, 1989; Jackson et al., 1992). The observation
of a similar rotation in the lavas of Chios as well as its
implications are discussed in a separate paper (Kondopoulou et
al., this volume).
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Fig. 5. Declination and inclination of the primary magnetization
for the studied section. The mammal bearing horizons THA,
THB, THC are indicated. Small bars correspond to the levels
sampled for paleomagnetism.
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