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ABSTRACT

A review of the reliablepaleomagneticpolesfor theIberian plateis gi-
ven in the rangePermianto Miocene. After rejectionof databelonging
to displacedof deformedareas,or representingremagnetizations,11 po-
les are selected.Using this database,an ApparentPolarWanderPath
(APW) is constructed.Two methodsare used.The first one is a refined
sliding window method. Ihe secondone is the small circie fítting re-
cently developpedin APW modelling. This method is appropiatefor
the lower Perrnian-lowerJurassictrack only. Finaily, the consistencyof
the APW with known kinematic modelsfor Iberia is tested.Thereare,
roughly speaking,two kindsof modelsdescribingthe evolution of Iberia
relativeto Europe:singlerotation modelsand left-lateralshift models.As
a result, both modelslead to statistically equivalentfits betweenthe Eu-
ropeanand iberian APW’s, for the lower Permian-lowerJurassictrack.
Thus, it is clearlyshownthat the currentlack of palcomagneticdatapre-
ventsusfrom giving closeconstraintsto thekinernaticevolutionof Iberia.

INTRODUCTION

It is well known that paleomagnetismprovided crucial quantitative
evidenceabout the past location of lithosphericplates.This is also true
for the Iberian plate for which the work undertakenin the 1 960s,espe-
cially by Van der Voo (1969)dernonstratedthat the plate hasundergone
a counterclockwiserotationrelativeto Europeof about35’ sincethePer-
mian. Apparentpolarwandering(APW), that is, plate motion relativeto
the Earth spin axis, is depictedby the path tracedout by the paleomag-



22 J J Sehotí

netic poles of variousagesbelongingto a given plate. McElhinny (1973)
showedhowmatchingthc pathsof contineniswhich werepreviouslypafl
of the sameplate,enablesthe initial relativepositionsof the blocksto be
determinedin a unique fashion.The Europeanand Iberianplate which
were oncerigidly fixed in a position different from the presentday con-
figuration seemat first sight to provide a good exampleof application.
Thepurposeof this repon is to proposean APW for Iberia, usingthe data
availablesincethe upper Carboniferous-lowerPermianperiodand then
to checkthe consistencyof the paleomagnetiedatawith two modeisof
evolution of the peninsularepresentingtwo radically different concepts.
This examinationwill showthe limits of matchingAPWsfor geodynamic
purposesandtry to setout the reasonswhy we are unableto do so in the
casestudiedhere.

LOWER PERMIAN TO MIOCENE APW FOR IBERIA

In ibis section,we will apply two methodssuggestedduring ihe last
ten yearsin order to constructAPWs for various IithosphericpIales. As
pointed out by HarrinsonandLindh (1982), whateverthe smoothingor
fitting methodused,the dataupon which 11w model is based,plays Ihe
mostprominentrole. Thepaleomagneticpoles(Fig. 1), whichseern relia-
ble for ourpurpose,are listed in Tabla 1. Sorneof them deservea few II-
nesof comment:

— Severalpolescomefrom arcaswhosestability is questionable:the
lower Triassicpoles frorn theCantabricChain, the upperJurassic¿md lo-
wer Creataceouspoles from the Iberie Chain. So far, we haveno reason
to suspectthem of being disturbedby local movemenísand henceto be
unrepresentativefor iheIberianplate.Their incorporationyields an APW
which is similar to the Europeanone,aherreturning Iberia to jIs initial
position (section2). But, of course,the numberof polesavailableis too
low to allow a fairly safeconclusion.

— The lower Triassicpole obíainedby Van der Voo (1969)on a red
bedsequencein thevicinity of Alcazarde SanJuanwasdiscardedowing
to lIs deviationfi-orn othercontemporaneouspoles.In our opinion, its lo-
cationnearthe lower Tcrtiary poles showsthat a rernagnetizationhasto
be suspected.

— Thebasalísof Lisbon,earlierconsideredas Eocenein age,give up-
per Cretaceousradiometric ages,around70 Ma. Thus, the only genuine
Tertiary result is the Miocenedatagiven by Dikjsman(1977).

Other poles have beendiscardedbecauserecentsíudieshaveshown
that theyrepreseníremagnetizations.Ibis is the casefor Ihe resultspu-
blishedby StaufferandTarling(1971)andVandenberg(1979)on theTera
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Fig. 1 .—Stereographie plot, centered on thenorhternhemisphere, ofthe paleomagnetic poles lis-
ted it, Table 1.
Sameabbreviationsasit, Table 1.

group(Sierrade losCameros).Theseresultshavtbeendiscussedby Schott
andPeres(1987).
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TABLE 1
Age Reference N Lat. NL ong.

Location,formation, aulbor E K

4 35.5 211.5 332

(293-268Ma)
Pu-Trl

(255-243Ma)

Bu~aco-Redbeds
Cu-PI Viar-Red (VAN DER VOO,

1969)
Viar-Dykes andsilís
CantabricChain-Redbeds
(VAN DER BERG, 1979)
(SCHOTTandPERES,1987)

JI Atentejo dykes(SCHOTT et al.
1981)

(179.4 ± 6.2
Ma)

(159 ± 4
Kl

(156-138
KU

Dykes South Portugal
(SCHOTT, unpublished)

Ju IberianCordillera-Pelagiclimes-
tones

Ma) (STEINERel al., 1986)
Sierrade los CamerosWealdien
red beds

Ma) (SCHOTTandPERES,1987)
Granite Sintra (VAN DER
VOO, 1969)

(87.5 ± 5 Ma)
KU

(72.0 ± 2.0Ma)
KU

72.6 ±3.1Ma)
TM

(15 ±1 Ma)

Syenite Monchique(VAN DER
VOO, 1969)

Basalts Lisbonne (VAN DER
VOO andZIJOERVELD, 1971) 33

Teruel Basin-Redbeds

3 42.5 216 845
3 41 208 174

3 52.5 226 405
8 47.5 214.5 216

14 71 236.5 41

4 55.5 255.5 240

6 41 237 186

8 76.5 174 50

2 73 165.5 (397)

72.5 197 21

3 84 162 639

Paleomagneticpoles usedin ihe constructionof an IberianAPW for the period
upperCarbonifcrous-Miocene.
Cu-PI: upperCarboniferous-lowerPermian;Pu-Trl: upperPermian-lowerTrias-
sic; JI lower Jurassic;Ju: upperJurasie;KA: lower Cretaceous;Ku: upperCreta-
ceous;TM: Miocene.
Agesareejiherstratigraphicor radiometric.Porstratigraphicestimation,ageran-
ge is given. For radiometricor magnctostratigraphicestimation,meanage and
standarddeviationare indicated.Time scaleusedis that of Harlandetal. (1982).
N: numberof individual poles iii eachstudy.
Lat. N. Long. E: north latitude andcasilongitudeof themeanpole.
K: precisionparameter (Fisher, 1953).

24
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Sliding windows

This smoothingmethod is well known andeasyto handle. Its appli-
calion lo the construclionof APW was ffrst madeby Irving (1977). Gi-
ven a time interval of width 2a, centeredon the moving time T~, a pole
with an assignedageTjis calculatedas theweightedmeanof alí theavai-
lable poles whose weights Pi (T 3 (see below) are not zero, using the
formula

N N

U (Y) = E P (Ti) y (t1)/ ¡¡E P (Ti) V (t311

whereU(T 3 is the unit vectorassociatedwith the meanpalcomagnetie
pole,V (t) the unit vectorassociatedwith eachof theN individual poles
andP (T ) theweightcalculatedfor eachpoleat timeT . Generally,ages

are equally distributedin time, at 10 Ma interval or so. In the most
recentapplicationsof the sliding window, authorsproposeda weighting
schemewhich took into accountthe inaccuracyin the agesof the paleo-
magneticpolesgiven by eachstudyin the following way:

— a probabilitylaw is attributedto theestimationt, of the true, unk-
nown age. t~ canbe obtainedin variousways(radiometric,stratigraphic).

— using the assumedprobability law, theprobability P~ (Tú) that the
true, unknownage, will falí into the range (T3—a; T1—a) is computedfor
eachpole of the database.Note that if the estimatedage t doesnot be-
long to that interval, theprobability P (T1) is not necessarilyzero,but of
courseP~ (Ti) decreasestowardszerowhen T~ movesawayfrom t1.

Harrisonand Lindh (1982) merely useda uniform probability distri-
bution over the agerangeof eachpole,whereasFabre(1986) tried to mo-
del the actual evaluationof tSe age by more realistic probability laws.
Wc haveadoptedhereessentiallythe sameapproachas Fabreandhave
introducedprobability laws correspondingto three kinds of measure-
ments of t, radiometric, stratigraphicand magneto-stratigraphicde-
terminatíons.

In the first andthird cases,a Gaussianfunction is assumed,whereas
in the secondcasethe randomvariable t, is the meanof n variableseach
havingthe sameuniform densitydistribution.The probability law for the
meanwascomputedby Fisher(1953). In practice,whenn is greaterthan
5, this rathercomplicatedfunction can be approximatedto a Gaussian
one.Having computedthe quantitiesP~ (T~) for eachof the N polesfrom

the date base, we calculated the sums 5 (T1) = EP,(Tú) which can be
II

interpretedas thenumberof polescontributingto the smoothpoleof age
T~.Obviously,5 (T 3 is a funetionof time which takesanyvaluebetween
O andlIs maximumvalue dependingon tSe time-distributionof tSe ages
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assignedte the data. It is also clearthat smoothpolesassociatedwith va-
luesof 5 (1 ~)lessthan 1 are meaningless.Thefunction 5 (í) is displayed
on Fig. 2a for a 20 Ma-window.Gapsocurring in the TriassicandCreta-
ceousperiodsareconspicuousandillustratethe ratherpoor definitionof
the Iberian APW. The correspondingsmoothAPW is shownon Fig. 2b.

W¡ndow: 2OMa

a)

(3-o

2.0

1.0
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Fig. 2.—Conslruction of an Iberian APW usingthe sliding window method. a: densityof
poYes as afunctionof time. For 5(t) lower than 1, ihecalculatedsmoothpole is mcaningless.
b: «smooth»APW yielded by the 20 Ma-sliding window.

30 60
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Actually, it is highly exaggeratedto speakof a«smooth»curve. In fact,
ascan be seenon the figure, the sliding window methoddoesnot allow
the constructionof a smooth curve, duc to the scarcity of the data.

SmaIídrele fittings

This methodwas applied recentlyby Gordonet al., (1984) andMay
andButtler (1986) to theNorth AmericanAPW. It is relatedto non-linear
regressionanalysis,andconsistsin fitting a small circle to suitablepor-
tions (calledtracks)of the APW. The parametersto be adjustedare the
sphericalcoordinatesof the smallcircle axisandthe angleof the conesus-
tainedby the smallcircíes.We usedthe samemaximumlikelihood crite-
non as Gordon et al., which consists in minimizing the quantity:

N
d2=XK~(8~~a)2 (2)

whereK3 is the precisionparameter,A~. dic anguiardistanceto the axis
of the small circle for eachindividual polefrom the list, anda the angle
of the cone.
In addition,we computeda 95 per 100 confidenceintervalfor eachpoint
en the small cirele. The only trackwhich seemsappropiateis the upper
Carboniferous-lowerPermianto lower Jurassicportion. The best-fitting
small circle and strip of confidencearedisplayedin Fig. 3.

GEODYNAMIC IMPLICATIONS

Wc will now test the consistencyof the paleomagneticdatasummari-
zed by the APW with publishedkinematicmodelsfor Iberia. Thereare,
roughly speaking,two categoriesof models:modeisadvocatingasinglero-
tation of Iberia relativeto Europe,without significant transcurrentmo-
vementin the Pyrenees,andmodeisassumingalefí-lateralshift of theIbe-
rian plate, inducing a strike-slip motion in the Pyreneesamounting te
about400 km. In their most recentquantitativeversions,the two kinds
of modelsarerepresentedby thoseof MassonandMiles (1984)andOh-
vet et al. (1984), respectively.

APW for Europe

In order to perform the above-mentionedtest, we havete take into
considerationan APW for the Europeanplate. The Europeandatabase
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Hg. 3.—Smallcirciefitting lo iheCu-il portion of ihelberianAPW. The stippledfinesare
the confidencelimits (95 % level of significance)of the angulardistancefrom a point on the
small circle to the pole P of the circle. P is the intersectionof lEe axis with thenorthern
hetnisphere.

hasbeendiscussedby variousauthors(Westphalet al., 1986; Fabre,1986;
Besse,1986). Although we believethat the availabledataneedsa careful
¿mdcritical reexamination,this discussionis beyondthe scopeof thepre-
sentpaperandwe will provisionally adopta data basecorrespondingto
rnostof the resultsselectedby the authorsnamedaboye.Fig. 4 showsthat
tbe EnropeanAPW canbe maichedby two successivesmallcheles(Cu-J1
trackandJI-Ku track) linked by a «cusp»in thc lower Jurassic.The sha-
pe obtainedis very similar to the fitting of the North American APW pu-
blishedby Gordon et al. (1984).

o
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Fig. 4.—Smallcirclefttting to the FuropeanAPW. The fit is achievedwith 2 small circies:
one for the Cu-Jl track and one for the Ji-Ku track. Crosses labelled P and lirtes hayo the
same significance as in Hg. 3.

Model of Masson and Miles (1984)

Thismodeldescribesthe motionof theIberianplatethroughthreesta-
gesof evolution (Fig. 5b), but the authorsdid not mention an eulerian
poleof rotation for the intermediatestageat 106 Ma. Position 1 reached
at 84 Ma is practically identical to position 2 in the model of Olivet et
al. (Fig. 6b). The openingof the Bay of Biscay occursduring the move-
ment from position F (initial position) to 1, whereasthe Pyreneanoro-
geny is a result of the convergencemovementsubsequentto position 1.
Restoringthe Iberian peninsulato its initial location using the culerian

o
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MODEL MASSON

180
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Fig. 5—Model of Massonand Miles for the kínematicsof Iberia.
a: Locationof theCo-JI portion of thc Iberian APW aftcr returningthe plate to his initial
position.sheFuropeanplatebeingin its prescnt-dayposition. Te commonsmall circlefit-
md to thc Europeanand Iberian Cují portionsof APW, alongwith the confideneestrip
andthe pole P to the small circle areshow. d’ is thc sum of the squaredeviationof each
paleomagnetiepole from thc small cirele(seeformulae2).

pole of rotationcalculatedby MassonandMiles, inducesa displacement
of the upperCarboniferousto lower durassictrackof the APW which is
displayedin Fig. Sa. The figure also shows the small circle fitted to the
combinedFuropean-Iberianpaleomagneticpoles.Owing to thedissimi-
larity betweenthe numberof polesdefining eachAPW, the parameters
K (seeformulae2) correspondinglo the Europeanpoleswcre dividedby

N

a constantso that the sumsZK~ for the Europeanand Iberian APWs
j.—I

270

o Europe
* Iberia

2
o d :70
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F

F¡g. 5.—Model of MassonandMiles for the kinematicsof Iberia.
b: F: initial f,t: 1: positionat 84 Ma.

respectivcly,would be equal.In this way, the quantity d 2 (seeformulae
2) is more sensitiveto the fit andhence,moreconclusiveas to thegood-
nessof fit. The fit proposedby Massonand Miles leadsto a valueof 70
for the sumof squaresd 2

Model of Olivet et al. (1984)

This model explainsthe openingof the Ray of Biscayby a left lateral
shift documentedby 4 successivepositionsof Iberia. Position 3, reached
at 86 Ma, which is not really different from position2, hasbeenomitted
on Fig. 6b, for the sakeof clarity. After returningIberiato position 4, the
deviationbetweenthe Europeanand Iberian APWs remainssignificant.
In order to bring them to coincide, a further rotation, moving the plate
from position4 to E, must be assumed.The authorssuggestedthat this
initial movementcould have beenconnectedwith the opening of the
westcrn part of thc Tagusabyssalplain. So far the evidencesupporting
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Fig. 6,—Model of Olivet et al. for the kinematicsof Iberia.
a: location of the Cu-JI track of the Iberian APW after returning thc plate to its initial po-
sition. For other unes and symbols drawn, see Fig. 5a.

this hypothesis is limited, but althoughthe kinematicsof this initial ope-
ning is scarcelyknown, its existenceis required from a paleomagnetic
point of view. Assumingthe initial location of the Iberianplatesuggested
on Fig. 6b, Ieadsto afit of the EuropeanandIberian platesdisplayed on
Fig. 6a. Thecalculationof the quantityd 2 (formula 2), performedin the
sameconditionsas in section3-2, gives avalueof 74. Thus,both models
leadto superpositionsof APWswhich arestatisticallyequivalent,andthe-
refore, it is impossible,on paleomagneticgroundsonly, to makeanydif-
ferencebetweenmodelsas radically different as are the ones outlined
here.

2
O d=74
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Fig. 6.—Modelof Olivet et al. for Ihe Kinematics of Iberia.

b: F: initial fil: 4: position at 110 Ma; 2: position at 76 Ma; 1: position at 53 Ma.

Restfu

ModellingAPWs by partsof smallcircíesallows thedeterminationof
an eulerianrotationpolewhich gives thebestfit, that is thefit which ren-
dersthe quantityd 2 minimum.Rut without furtherconstraints,thereare
severalsolutionsbecauseany rotation whose axis lies along that of the
commonsmall circle makesno differenceto the value of d. Therefore,
in orderto find only onebest-fit position,we addedthefollowing further
constraint:on Ihe smallcircíesfitting separatelythetwo APWs(that is in
their present-daylocations),we chose two points of identifical age, P
andP2 say. Then we looked for the eulerianpole giving the smallestd

2
under the condition that, after rotation,P and P 2 must lic along the
samegreatcircle passingthrough the small circle axis (this condition is
equivalent,given d 2 to renderingIhe angulardistancebetweenP and

minimal). Wc chosepoints correspondingto a 180 Ma age, because
on both APWs, theseagesare radiometricallydetermined.The rcsult is
shownif Fig. 7 and the culerianpole of rotationwith its associatedellip-

r

F

1 21 E
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Fig. 7.—Best fil of the Cu-Jl portions of the Furopean and Iberian APW’s. For the unesand
symbols drawn, see Fig. 5a.

tically shapcdconfidenceareaare representedin Fig. 8. This «cllipse»of
confidencewas estimatedunderthe assumptionthat d 2 is a chi-squarcs
statistic (Gordonet al., 1984). Eulerian poles whoseaxis areincludedin
the confidenceareagive valuesof d 2/d 2 ~, less thanthe 95 by 100 level
of the Fisher-SnedecorF statisticswith 38,38 degreesof freedom.Fig. 8
showsthat the axis of the finite rotationsgiven by the modelsdiscusscd
aboyeis locatedinside the95 by 100 confidencearea.Surprisingly,as can
be rcadily deducedfrom Fig. 8, thebestfit solutionis not consistentwith
the gcnerallyacceptedkincmaticsof the Iberianplate,becauseu involves
an initial location to thc East.

o d ~49
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Fig. 8.—Stereographic plot centered on tbe nortbern hemisphere of ihe axis of the enlerian
rotation giving the initial locations of the Iberian plate using the best ¡it, Masson and Mi-
les (MM). Olivet et al. (0) model, respectivcly. Stippled curve is the boundary of the con-
fidence area (at tIte 95 %leve1 of significance) for the axis of rotation.

Ihis observationshows that paleomagneticdataaloneis unableto
show the kincmatic evolutionof thc peninsula.This is partly due to our
scantknowledgeof the APW. It is to be rememberedthat the portion of
Ihe APW suitablefor thc searchfor the fit, that is, the uppcrCarbonife-
rous-lowerJurassicportion, is definedby 6 polesonly. On thcotherhand,
examinationof Ihe LuropeanAPW showsthai the datais unevenlydis-
tributedalongIhe lowcr Permian-lowerJurassictrack, with amajority of
lower Permian-lowerTriassicpolesanda lack of datain the lateTriassic
period.But evenwith bettersamplingof bothAPWs, thc inacdurracyin
fining Ihe APWs to a single small circie pvobablycannotbe niuch redu-

0
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ced.Taking into accounttheJurassicand lowcr Cretaceouspoles,which
apparentlybelongto anothcrsmall circie, would probably help in the
scarchfor a better constraintedfit. Unfortunately,this improvementis
not possiblewith tbecurrent stateof knowledge.

CONCLUSIONS

Using thedatabaselisted in table 1, two methodsof modellingAPWs
havebeenapplied.The dataaretoo scarceforthe slidingwindow method
to be efficient. Bm the age wcighting outlined in section2-1 leadsto the
determinationof aprobability function S(t) which allows a graphicalre-
presentationof the densityof poles availableand is a pictorial calI for
new data.Although the lack of datais obviousin thelateTriassicandthe
late Cretaceous,which is a crucial period in the kincmatic evolution of
Iberia, any new datawill be valuable.

Thc methodof fitting to smallcircíesallows usto test theconsistency
of kinematicmodelswith the paleomagncticdataavailablefor Europeand
Iberia respectively.Only thc portionsrangingfrom upperCarboniferous-
lower Permianto lower Jurassicare suitableandallow the fit to a com-
mon small circle after returning the Iberian plate to its initial position.
Both modelstestedgive equivalentandundistinguishableresultswhich
lead to thc conclusionthat it is not possible,on paleornagneticgrounds
alone,to find an unambiguouskinematicmodel. Calculationof ihe bcst
fit and of a lirnil for accepíablepoles of rotationmerely showsthaiboth
modelsare consistentwith the paleomagneticdata.

Onceagain,ihe lack of paleomagneticdatais responsiblefor the fact
that the palcomagneticmeihod aloneis unable to give closeconstraints
to the kinematicevolutionof Iberia.
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