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A B S T R ACT 

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 tbat 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 bard 
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 frequency 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. ' 

ITAhAIOHArNHTlKA KAI BIOETPQMATOrPA~IKA ETOIXEIA
 
AnO THN AnO~I6QMATO~OPO 6EEH TOY HEEOY HEIOKAINOY TQN 6YMIANQN
 

(XIOE, El\l\AM)
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n E P I ~ H ':F H 

Mla EAA'lVoyaAAlxrj 0lla5a Epya08'lxE 0' aUTrjv T'lV 0'lllav'tlx~ 

aAAa EAaXloTa yVWOTrj nEploxrj IlE axone va IlEAETrjOEl VEO 
anoAl8wIlaTa 8'lAaoTlxwv xal T'lV llayv'lTOOTpwllaToypa~La T'l~' 
6'lAaOTlxa ~pE8'lxav OE TpEle; 5laq>opETlXOU~ OpL~OVTEe;. EnLOfle; 
IlEAETrj8'lxov IlE naAalolloyv'lTlollO 5dYIlOTO ono 32 OPL~OVTEe; OE TOllrj 
naxoue; 46m. H loo8Epll'l llayVrjTlO'l 5ELXVEl OTl 0 XUploe; 1l0yV'lTlX6e; 
q>opEac; ELval 0 llayv'lTLT'lC;. H 8EPlllxrj anollayvrjTlO'l OE 80 5ELYllOTO 
E5El~E T'lV nopouoLa 5uo OUV,OTWOWV, Illac; 5EUT£p£uouoae; "llaAaxrje;" 
XOl Tile; av8£xTlxrjc; npWT£UOUOOe; 1l0yvrjTlO'lC;. H TOlltl nopoUOla~El Ill0 
~WV'l avaOTpOq>'le; nOAlx6T'lTa~ nou 5LoxonT£Tal ana tva xavQvlx6 
oUIl~av. H 5la50Xtl aUT" £Lval ll£plXwe; 1l0VO OUYXPLOl}J.'l ~£ "tflV 
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KAl~axa lOU MELOXalVOU ,0 OnOlO ElVaL TIEp(050~ ~EyaA~~ auxv6,~,a~ 

avaa,po~wv. H ~EAe,~ au,~ 05~yEl xaL aE lEx,oVLxa aTIO,EAea~a,a 

a~ou ~ ~ea~ aTI6XAla~ aUVETIOYElal ~la apla'Ep6alpo~~ nEpLa,po~~ 
25° an6 ,0 Meao MEloxaLvo. 

INTRODUCTION 

The island of Chios is situated in the eastern part of the 
Aegean Sea (Fig. 1). 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 in the 
southeastern part of the island (Fig. 1). 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 palaeontologie 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 geologists has begun to work in the area. The 
main aims of the group are a) to collect more mammalian fossils 
and to use these in 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 Zyfia Formation is quite similar in colour and 
lithology to (a), but with intercalations of marls and clays. 

c) The Keramaria Formation consisting of various 
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 gray 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° S. 

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 quarry 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 subsequent 
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, 
Sani therium leobense, Listriodon lockharti, Dorcather ium aft. 
crassum, Tragocer ine indet., Eotragus of sansaniens is 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 quarrYi 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 quarry 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 quality 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 mAim and 1mA/m. 

Bl Palaeomagnetic analyses. 

After room temperature measurements of the NRM, at least one 
specimen from each core was chosen - minimum J 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 JOo-50oC). 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°C. After this step a regular and progressive 
decrease is displayed by almost all samples except for site 5 
where an increase is 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.J). Furthermore the presence of 
magnetite is also deduced from the demagnetization process as the 
intensity of the magnetization decreases significantly between 
5500 and 625 0 

• 

The thermal demagneti zation 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 JOOoC in order to reach the primary component. 
After JOOoC.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 a~e rather 
fluctuating. 

In o~der to define the declination and inclination angles 
of the p~irnary components we have taken into account the 
evolution of the susceptibility, ~ejecting data points aboVe the 
tempe~ature at which susceptibility changes drastically. 
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4 

.2 .4 .6 .6 1.2 

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

For about half the specimens we used a computer progr~mme 
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 lon.g 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 quality of the sampled sediments turns out to be quite 
adequate 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 58 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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