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ABSTRACT

Márton, E., Papanikolaou,D.J. and Lekkas, E., 1990. Paleomagneticresultsfrom the Pindos,Paxos, and lonian zonesof
Greece.Phys.Earth Planet. Inter., 62: 60—69.

Maastrichtianto Miocene sedimentswere sampledat 12 sites in centralGreece(Meso-Hellenicbasin, Pindoszone and
WesternThessalyunit) andfour siteson Lefkasisland(Paxosandlomanzones).The samplesweresubjectedin thelaboratory
to thermalandalternatingfield (AF) cleaning.As a result,characteristicremanentmagnetizations(ChRMs)wereobtainedfor
11 sites. In comparingthesepaleomagneticdirectionswith others alreadyobtainedfor theexternalHellenides,thefollowing
points arenoteworthy.

(1) In post-Alpinetimes a slightclockwiserotationseemsto becormnonto thezonesof theexternalHellemdesin Western
Greece;

(2) independentmovementof the Pindosflysch and thelonian Paleogenesedimentsis plausibleas thesampledsitesfrom
the formerexhibit largecounter-clockwisedeclinationrotationwith respectto the latter;

(3) thenetrotationof theMesozoic sedimentsof both Pindosandlonian zonesis similar.
These observationsmay indicate that the two zones rotated independently as ‘blocks’ before the Miocene, for the

detachmentof thePaleogenefrom theMesozoic sedimentsis opposedon geologicalgrounds.Thus the similar declinations
observedfor theMesozoicsedimentsof thePindosandloman zonesmustbe regardedas coincidence.

1. Introduction zones.This rotation started5 Ma agoandits total
amplitude amounted to 26° (Laj et al., 1982).

In the course of a short field trip in 1986, From the internal zonesof the Hellenidesa few
oriented hand-samplesfor paleomagneticmea- paleomagneticdirections which indicated mod-
surementwerecollectedfrom the externalzonesof erate clockwise rotation were reported for the
the Hellemdes(Fig. 1). Of the 16 sedimentarysites Eocene sediments of Chalkidiki (Kondopoulou
(112 samples),12 sites representthe central part and Lauer, 1985). Paleomagneticresults for the
of continental Greece (Pindos zone, Western Jurassicand Cretaceoussedimentsof the loman
Thessalyunit and Meso-Hellenicbasin) andfour zoneremainedunpublished(Homer,1983) despite
sites the Paxosand lonian zonesin Lefkas (Fig. their high quality. These results suggestan ap-
2). parent counter-clockwise rotation of the pre-

A 45° Cenozoicclockwise rotation has been Cenozoicwith respectto the Paleogenesediments.
establishedfor the lonian zoneby two indepen- By samplinglate Cretaceoussedimentsin the
dentstudies(Homer andFreeman,1983; Kisselet Pindos(sitesGR 11-15, GR 25-39 andGR 59-67)
a!., 1985). A smallerrotation,but againclockwise, and Paxos(site GR 77-80) zones, and Paleocene
was observedfor sedimentsof 1—13 Ma on the depositsin the WesternThessalyunit (sites GR
lomanislands,coveringboththe Paxosandlonian 40-43andGR 53-58), it was intendedto compare
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Fig. 1. Simplified geotectonicmap of WesternGreeceshowing thelocationof theareaof interest.

the paleomagneticdirections of sediments de- which would matchin agethosealreadyfound for
posited before the major orogemc events with theloman zone.
those from the lonian zone. On the other hand,
the molasseof the Meso-Hellemcbasin, which

2. Results
covers transgressivelythe Alpine Formationsof
the Pindosand Western Thessalyunits (Papam- The natural remanentmagnetizations(NRM)
kolaou and Sideris, 1977; Papanikolaouet al., of standardsizecoresdrilled from orientedhand-
1986) was tested (sitesGR 16-20, GR 21-24 and sampleswerestudiedin thelaboratory.The rema-
GR 44-52) to obtain a ‘referencedirection’ rela- nencewas measuredon JR-4spinnermagnetome-
tive to which the nappeemplacementin the more ters,and the susceptibilityon a KLY-2 suscept-
external zones(lonian and Paxos) could be de- ibility bridge. Pilot samples,i.e. practically half of
scribed. thecollection,were subjectedto stepwisethermal

Synorogemcflysch of Paleocene—Eoceneage demagnetizationin a Schoenstedtovenor to pro-
(Pindoszone: sitesGR 1-5, GR 6-10, GR 68-72 gressivealternatingfield (AF) cleaningin eithera
and GR 73-76), Eocenelimestone(lonian zone: Schoenstedtor a non-commercial AF demag-
sites GR 93-98 and GR 99-112) and Eocene— netizer.
Oligocenelimestone(Paxoszone:site GR 81-92) Molassefrom the Meso-Hellemcbasinwaseffi-
were expectedto yield paleomagneticdirections ciently demagnetizedby both methods(Fig. 3),
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Fig. 2. Simplified geologicalmapof Central—WesternGreece(upper)and schematicSW—NE tectonic profile (lower), both showing
thesamplingsites(GR 1-5—GR99-112). a, Quaternaryformations;b, Oligocene—Miocenemolassicformationsof theMeso-Hellenic
basin: c, Mioceneelastic formationsof the Paxosunit; d, Middle Jurassic—Oligoceneformationsof the Paxosunit; e, Upper
Eocene—Oligoceneflysch of the lonian unit; f, Pre-flyschformationsof the lonian unit; g, UpperEocene—Oligoceneflysch of the
Gavrovo unit; h, Pre-flysch formations of the Gavrovounit; i, Maastrichtian—Eoceneflysch of the Pindosunit; j, Pre-flysch
formationsof the Pindosunit; k, Pre-flyschformationsof theWesternThessalyunit; 1, Maastrichtian—Eoceneflyschof theWestern
Thessalyunit; m, Cretaceouslimestones;n, North PindosOphiolite; o, Pelagonianmetamorphic;p. overthrust;q, fault.
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Fig. 3. Typical demagnetizationdiagramsfor themolassefrom theMeso-Hellenicbasin.Left: modifiedZijderveldprojectionsof the
remanencevectorof sisterspecimens.Unit =1.6E—3 A m~.GR22B: thermal demagnetization,six steps:NRM—400°CGR22A:
AF demagnetization,six steps:NRM—50 mT. Right: normalizedintensity(dot) and susceptibility(cross)as a function of cleaning
temperature:specimenGR22B.

and a singlecomponentwas isolated above150° was not achieved,becauseof the newly formed
or 10 mT. This componentpermitted the defini- magneticphaseon heatingabove400°C.
tion of the characteristicremanentmagnetization ChRM could be isolated for two sites only
(ChRM) for threesites(Table 1). (Table 1). However, for site GR 73-76 the tend-

The NRM of the flysch proved to be more ency to shift towards the site mean directions
varied in behaviour than that of the Miocene determined for GR 1-5 and GR 6-10 may be
sediments.Although at siteGR 6-10,for example, recognized(Fig. 5). Samplesfrom siteGR 68-72
it was as simple as the NRM of the molasse,at had to be rejected becauseof highly unstable
siteGR 1-5 AF cleaningfailed to give any result. behaviourof the NRM on bothAF and thermal
On thermal demagnetizationthe overprint was cleaning.
removed(Fig. 4). However, full demagnetization Weak NRM characterizedthe Cretaceousand
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TABLE 1

PaleomagneticresultsfromcentralGreeceandLefkasisland

Samplingsite Rock N/N
0 D I k a95 D~ I~ k a95 Polarity

long E,lat N type

Meso-Hellemcbasin,Miocene
GR 16-20 Molasse 5/5 9 48 18 18 20 30 19 18 Normal
21.82, 39.41
GR 21-24 Molasse 4/4 19 56 27 18 32 40 27 18 Normal
21.82, 39.41
GR 44-52 Limestone 8/9 350 44 13 16 352 38 19 13 Normal
Pindoszone,Paleocene—Eocene
GR 1-5 Flysch 4/5 150 —47 27 18 174 —23 27 18 Reversed
21.78, 39.32
GR 6-10 Flysch 5/5 311 0 6 32 311 42 11 24 Normal
21.78, 39.32
PindosandWesternThessalyunits, lateCretaceousandPaleocene
GR 11-15 Limestone 4/5 342 67 57 12 20 —2 57 12 Mixed
21.75, 39.24
GR 25-39 Limestone 5/15 312 51 12 23 22 50 102 8 Normal
21.61, 39.39
GR 53-58 Limestone 3/6 219 —43 17 30 30 47 23 26 Reversed
GR 59-67 Limestone 7/9 22 48 32 11 76 48 60 8 Normal
21.50,39.67
lomanzone,Lefkasisland,Eocene
GR99-112 Limestone 9/14 268 75 15 13 90 43 17 13 Mixed
21.71 38.66
Paxoszone,Lefkasisland,Eocene—Oligocene
GR 81-92 Limestone 13/13 6 50 18 10 23 32 6 16 Normal

N/N0= numberof samplesevaluated/collected.D, I and Dc, Ic = meandeclinationandinclinationbeforeandafter tilt correction.
k, a95 = statisticalparameters(Fischer,1953).

Paleocenelimestonesfrom the Pindosand West- 3. Discussion
em Thessalyunits. Nevertheless,at leastsome of
the samplesat eachsiteyieldeda reasonablywell- Post-Alpine sedimentsof Mioceneagefor the
defined component(Fig. 6). Even samplesfrom Meso-Hellemcbasinare characterizedby an over-
site OR 11-15, with extremelyweak remanence, all meanmagneticdirection of D = 40, J = 50°,
yielded meaningfulmagneticsignalswith normal k = 51, a95= 17°before,and D~= 15°,J = 37°’
and reversedmagnetizations180°apart(Fig. 7). k = 23, a95 = 26°after tilt correction. Increasing
Characteristicremanencesfor four Cretaceoussites scatteron tilt correctionsuggeststhat themagneti-
are tabulated(Table 1). zationwas acquiredin the presentpositionof the

From Lefkas island, sites GR 81-92 (Paxos Miocenestrata.
zone) and GR 99-112 (lonian zone)yieldedchar- For the samebasin, Oligocene detrital sedi-
acteristic magnetization(Table 1) as a result of mentsfrom sevensitesyieldedan overall meanof
thermalcleaning(Fig. 8), althoughsitesGR 77-80 D = 27°, I = 47°, k = 25, a95 = 10.4°, after
and OR93-98 hadto berejected,the first because tectonic correction(Kissel and Laj, 1988). Based
of extremelyweak NRM, the secondbecauseof on these data we may assumethat the lonian
high within-sitescatter. islands, the Meso-Hellenic basin, and probably
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Fig. 4. An exampleof thebehaviourof theflysch from thePindoszoneduringprogressivedemagnetization.Left: modifiedZijderveld
projectionof theremanencevectorof sisterspecimens.Unit = 4.5E—4 A m~. GR1B: thermalcleaning,sevensteps:NRM—500°C.
At 500°Ccleaningwas repeatedwith X and Z in oppositedirectionsin theoven, and identicaldirectionswereobtained.Further
demagnetizationdid not seempracticable.GR1A: AF cleaning, five steps:NRM—40 mT. Instability preventedthe isolation of a
ChRM.Right: normalizedintensity(dot) and susceptibility(cross)asa functionof cleaning temperature:specimenTB.

the areabetween,rotatedslightly in theclockwise lonian zone.Comparisoncannotbemadewith the
sensein post-Oligocenetimes(Fig. 9). Paxosunit, for the result shownin Table 1 must

The flysch sampledfrom the Pindoszone, in bea secondarymagnetization.
contrast,rotatedin the oppositesense.Thecoun- The observationsso far discussedare not dif-
ter-clockwiserotation shown by two sites with ficult to explain with the help of a schematic
well-defined site mean direction geographically paleogeographicreconstruction of the external
close to eachother (OR 1-5 and OR 6-10) and Hellenides(Fig. 10). Thisreconstructionshowsthe
indicatedby a third site(OR 73-76)nearly100 km lonian and Pindos zones as two unconnected
from the first two (Fig. 5) is moderatewith respect basins in the late Cretaceous.The sedimentsof
to the presentorientation. However, it is large these basins were independentlyoverthrust on
comparedwith the clockwise rotation found for neighbouring platforms—the sediments of the
the Oligoceneflysch andEocenelimestonein the loman zoneover thePaxosunits,and thoseof the



66 E. MARTON ET AL.

N
__—-—+—___.__ Mesozoicin the same zone and relative to each

other is a sign of their detachment from the
// Mesozoicsequence.If the possibility of detach-

// ment is excludedon geologicalgrounds(for it is
// only in the northernpartof the Pindoszonewhere

/ \\ the detachmentis evident), we must move the
/ Pindos and lonian zones independentlyat least
/ twice beforethe Mioceneandmustconcludethat

I the similarity of the paleomagneticdirections for
I } the Mesozoic sediments in the two zones is a

coincidence.
GR 6-10 / Although the secondmodel seemsmoreplausi-/ ble on geologicalgrounds,it is not yet adequately

GA 15 substantiatedby paleomagneticdata. Clearly, fur-\ ~ / ther studiesare neededin the Pindoszone, for

// without ~~0n5tratlh~ the regionalconsistencyof

Fig. 5. Pindoszone, flysch. Tendencyshownby NRM vectors
(smallerdot andcircle) for site GR 73-76to movetowardsthe
site mean directions(larger circle) of GR 1-5 and GR 6-10
during progressiveAF and thermal demagnetization.Stereo- • GR39A
graphicprojection,tectonicsystem.Dot: positive,circle: nega- -Y ‘ ~ 10 - - - - - - -- •~- -

:ind:s::: the Gavrovo—Tripolis units. Subse- o5~

quently,thesezonesbehavedas a singleunit and -x ~ I
must havebeenrotated slightly in the clockwise
sense.

However, the paleomagneticobservationsfor
the late Cretaceoussedimentsof the Pindos and
WesternThessalyunits call for a more complex
solution. Apart from siteOR 11-15,at which the
ChRM must be of post-foldingage(the inclina- -Y +YH 1.0 .-

tion after tectoniccorrectiondoesnot fit aplausi-
ble paleolatitude in either an African or a 05

European system), the paleomagneticdirections D / _____________

after tilt correctionindicatemoderatebut sigmfi- I ni’’’ sóoc

cant post-Cretaceousclockwise rotations in the GR54A
Pindoszone. Theserotations are similar in sense
and magnitude to those found earlier for the Fig. 6. PindosandWesternThessalyunits. Typical demagneti-

Jurassicand Cretaceoussedimentsof the lonian zation diagrams for late Cretaceous—Paleocenelimestones;
zone(Fig. 11).Assumingthat the similar net rota- progressivethermaldemagnetization.Left: changein intensity

tion shown by the Mesozoic sediments of the anddirection of theremanencevectorduringheating.GR39A:
umt=1.6E—4 A m~, 6 cleamng steps: NRM—500°C.

loman andPindoszonesis not a coincidence,we GR54A: unit = 4.OE—4 A m~,7 cleaning steps: NRM-
must concludethat the rotation of the Paleogene 525°C.Right: relativechangein NRM intensity (dot) and

depositsin eitherzonewith respectto thoseof the susceptibility(cross)duringheating.
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Fig. 7. Pindoszone. Site GR 11-15,late Cretaceouslimestone.Demagnetizationdiagramsfor two sampleswith ChRM 180°apart.
Left: changein intensityanddirectionof theremanencevectorduringthermaldemagnetization.Unit = 1.6E —5 A rn

1, four steps:
NRM—300°C. Right: relativechangein NRM intensity(dot) andsusceptibility(cross)duringheating.
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Fig. 8. Paxoszone,Lefkas island.Typical demagnetizationdiagramfor Eocenelimestone(sampleGR 85). Left: modifiedZijderveld
projection of the remanencevector.Unit = 8.OE—5 A m1, four demagnetizationsteps,NRM—300°C. Right: relativechangein
NRM intensity(dot) and susceptibility(cross) during heating.
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Fig. 9. Post-Cretaceouspaleomagneticdirectionsfor theexter- Fig. 11. Mesozoic paleomagneticdirections for the external
nal Hellemdeson a stereographicprojection.Numbereddirec- Hellemdeson a stereographicprojection.The inclinations are
tions areoverall meansfor post-Alpinesediments: positive. Large circles, Pindoszone, present study. Medium
Meso-Hellenicbasin: 1 presentstudy circles, loman zone, late Cretaceous(Homer, 1983). Small

2 Kissel and Laj (1988). circles, lonian zone,Jurassic(Homer, 1983).
loman zone: 3—5 Laj et al. (1982)
Paxoszone: 6—7: Laj et al. (1982).
Larger stars,overall meandirectionsfor the Eocene(Homer Kissel, C. and Laj, C., 1988. The Tertiary evolution of the
and Freeman,1983) and Oligocene(Kissel et al., 1985)sech- Aegeanarc: a paleomagneticreconstruction.Tectonophys-
mentsof the lonian zone. Small star, Lefkas island, lonian ics, 146: 183—201.
zone, presentstudy. Triangles,site meandirectionsfor flysch Kissel, C., Laj, C. and Muller, C., 1985. Tertiarygeodynamical
from thePindoszone,presentstudy. evolution of northwesternGreece; paleomagneticresults.
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