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ABSTRACT

A review of the reliable paleomagnetic poles for the Iberian plate is gi-
ven in the range Permian to Miocene. After rejection of data belonging
to displaced of deformed areas, or representing remagnetizations, 11 po-
les are selected. Using this data base, an Apparent Polar Wander Path
(APW) is constructed. Two methods are used. The first one is a refined
sliding window method. The second one is the small circle fitting re-
cently developped in APW modelling. This method 1s appropiate for
the lower Permian-lower Jurassic track only. Finally, the consistency of
the APW with known kinematic models for Iberia is tested. There are,
roughly speaking, two kinds of models describing the evolution of Iberia
relative to Europe: single rotation models and left-lateral shift models. As
a result, both models lead to statistically equivalent fits between the Eu-
ropean and lberian APW’s, for the lower Permian-lower Jurassic track.
Thus, it is clearly shown that the current lack of paleomagnetic data pre-
vents us from giving close constraints to the kinematic evolution of Iberia.

INTRODUCTION

It is well known that paleomagnetism provided crucial quantitative
evidence about the past location of lithospheric plates. This is also true
for the Iberian plate for which the work undertaken in the 1960s, espe-
cially by Van der Voo (1969) demonstrated that the plate has undergone
a counterclockwise rotation relative to Europe of about 35° since the Per-
mian. Apparent polar wandering (APW), that is, plate motion relative to
the Earth spin axis, is depicted by the path traced out by the paleomag-
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netic poles of various ages belonging to a given plate. McEihinny (1973)
showed how matching the paths of continents which were previously part
of the same plate, enables the initial relative positions of the blocks to be
determined in a unique fashion. The European and Iberian plate which
were once rigidly fixed in a position different from the present day con-
figuration seem at first sight to provide a good example of application.
‘The purpose of this report is to propose an APW for Iberia, using the data
available since the upper Carboniferous-lower Permian period and then
to check the consistency of the paleomagnetic data with two models of
evolution of the peninsula representing two radically different concepts.
This examination will show the limits of matching APWs for geodynamic
purposes and try to set out the reasons why we are unable to do so in the
case studied here,

LOWER PERMIAN TO MIOCENE APW FOR IBERIA

In this section, we will apply two methods suggested during the last
ten years in order to construct APWs for various lithospheric plates. As
pointed out by Harrinson and Lindh (1982), whatever the smoothing or
fitting method used, the data upon which the model is based, plays the
most prominent role. The paleomagnetic poles (Fig. 1), which seem relia-
ble for our purpose, are listed in Tabla 1. Some of them deserve a few li-
nes of comment:

— Several poles come from areas whose stability is questionable: the
lower Triassic poles from the Cantabric Chain, the upper Jurassic and lo-
wer Creataceous poles from the Iberic Chain. So tar, we have no reason
to suspect them of being disturbed by local movements and hence to be
unrepresentative for the Iberian plate. Their incorporation yields an APW
which is similar to the European one, after returning Iberia to its initial
position (section 2). But, of course, the number of poles available is too
low to allow a fairly safe conclusion,

— The lower Triassic pole obtained by Van der Voo (1969) on a red
bed sequence in the vicinity of Alcazar de San Juan was discarded owing
to its deviation from other contemporaneous poles. In our opinion, its lo-
cation near the lower Tertiary poles shows that a remagnetization has to
be suspected.

— The basalts of Lisbon, earlier considered as Eocene in age, give up-
per Cretaceous radiometric ages, around 70 Ma. Thus, the only genuine
Tertiary result is the Miocene data given by Dikjsman (1977).

Other poles have been discarded because recent studies have shown
that they represent remagnetizations. This is the case for the results pu-
blished by Stauffer and Tarling {1971) and Vandenberg (1979) on the Tera
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Fig. 1.—Stereographic plot, centered on the norhtern hemisphere, of the paleomagnetic poles lis-

ted in Table 1.
Same abbreviations as in Table 1.
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group (Sierra de los Cameros). These results have been discussed by Schott
and Peres (1987).
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TABLE 1
Age Reference N Lat. NLong.
Location, formation, author E K
Bugaco-Red beds 4 355 211.5 332
Cu-PI Viar-Red (VAN DER VOOQ,
1969) 3 425 216 845
(293-268 Ma) Viar-Dykes and sills 3 41 208 174
Pu-Trl Cantabric Chain-Red beds
(255-243 Ma) (VAN DER BERG, 1979) 3 525 226 405
{(SCHOTT and PERES, 1987) 8 47.5 214.5 216
I Alentejo dykes (SCHOTT et al.
1981) 14 71 2365 41
(179.4 = 6.2
Ma) Dykes South Portugal
(SCHOTT, unpublished)
Ju Iberian Cordillera-Pelagic limes-
tones 4 555 2535 240
(159 + 4 Ma) (STEINER et al., 1986)
Kl Sierra de los Cameros Wealdien
red beds 6 41 237 186
(156-138 Ma) (SCHOTT and PERES, 1987)
KU Granite Sintra (VAN DER
VOO, 1969) 8 76.5 174 50
(87.5 £ 5 Ma)
KU Syenite Monchique (VAN DER
YOO, 1969 2 73 1655 (39D
(72.0 £ 2.0 Ma)
KU Basalts Lisbonne (VAN DER
VOO and ZIJDERVELD, 1971) 33 72.5 197 21
72.6 £ 3.1 Ma)
™ Teruel Basin-Red beds 3 84 162 639
(15 £ 1 Ma)

Paleomagnetic poles used in the construction of an Iberian APW for the period

upper Carboniferous-Miocene.

Cu-Pl: upper Carboniferous-lower Permian; Pu-Trl: upper Permian-lower Trias-
sic; J1 lower Jurassic; Ju; upper Jurasic; Ki: lower Cretaceous; Ku: upper Creta-

ceous; TM: Miocene.

Ages are either stratigraphic or radiometric. For stratigraphic e_stimation, age ran-
ge is given, For radiometric or magnetostratigraphic estimation, mean age and
standard deviation are indicated. Time scale used is that of Harland et al. (1982).

N: number of individual poles in each study.

Lat. N, Long. E: north latitude and east longitude of the mean poie.

K: precision parameter (Fisher, 1933).
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Sliding windows

This smoothing method is well known and easy to handle. Its appli-
cation to the construction of APW was first made by Irving (1977). Gi-
ven a time interval of width 2a, centered on the moving time T ;, a pole
with an assigned age T ; is calculated as the weighted mean of all the avai-
lable poles whose weights Pi (T ) (see below) are not zero, using the
formula:

U (T) - Z P (T) V(1) IZ P, (T)) v Wl

where U (T )) is the unit vector associated with the mean paleomagnetic
pole, V (t,) the unit vector associated with each of the N individual poles
and P, (T ;) the weight calculated for each pole at time T . Generally, ages
T are equally distributed in time, at 10 Ma interval or so. In the most
recent applications of the sliding window, authors proposed a weighting
scheme which took into account the inaccuracy in the ages of the paleo-
magnetic poles given by each study in the following way:

— a probability law is attributed to the estimation t; of the true, unk-
nown age. t; can be obtained in various ways (radiometric, stratigraphic).

— using the assumed probability law, the probability P; (T,) that the
true, unknown age, will fall into the range (T,-a; T;-a) is computed for
each pole of the data base. Note that if the estimated age t; does not be-
long to that interval, the probability P; (T)) is not necessarily zero, but of
course P, (T)) decreases towards zero when T, moves away from t,.

Harrison and Lindh {1982) merely used a uniform probability distri-
bution over the age range of each pole, whereas Fabre {1986) tried to mo-
del the actval evaluation of the age by more realistic probability laws.
We have adopted here essentially the same approach as Fabre and have
introduced probability laws corresponding to three kinds of measure-
ments of t, radiometric, stratigraphic and magneto-stratigraphic de-
terminations.

In the first and third cases, a Gaussian function is assumed, whereas
in the second case the random variable t; is the mean of n variables each
having the same uniform density distribution. The probability law for the
mean was computed by Fisher (1953). In practice, when n is greater than
5, this rather complicated function can be approximated to a Gaussian
one. Having computed the quantities P; (T} for earg:h of the N poles from

the date base, we calculated the sums S(TJ-)=EPi (T;) which can be
i=1

interpreted as the number of poles contributing to the smooth pole of age
T ;. Obviously, S (T ;) is a function of time which takes any value between
0 and its maximum value depending on the time-distribution of the ages
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assigned to the data. It is also clear that smooth poles associated with va-
lues of S (T ) less than | are meaningless.The function S (1) is displayed
on Fig, 2a for a 20 Ma-window. Gaps ocurring in the Triassic and Creta-
ceous periods are conspicuous and illustrate the rather poor definition of
the Iberian APW. The corresponding smooth APW is shown on Fig. 2b.

Window : 20Ma

30, St

270

30

Fig. 2.—Construction of an Iberian APW using the sliding window method. a: density of
poles as a function of time. For S(1) lower than 1, the calculated smooth pole is meaningless.
b: «smooth» APW vielded by the 20 Ma-sliding window.
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Actually, it is highly exaggerated to speak of a «smooth» curve. In fact,
as can be seen on the figure, the sliding window method does not allow
the construction of a smooth curve, due to the scarcity of the data.

Small circle fittings

This method was applied recently by Gordon et al., (1984) and May
and Buttler (1986) to the North American APW. It is related to non-linear
regression analysis, and consists in fitting a small circle to suitavle por-
tions (called tracks) of the APW. The parameters to be adjusted are the
spherical coordinates of the small circle axis and the angle of the cone sus-
tained by the small circles. We used the same maximum likelihood crite-
rion as Gordon et al.,, which consists in minimizing the quantity:

N
d:= %Kj 8, -0)? (2)

where K | is the precision parameter, B the angular distance to the axis
of the small circle for each individual pole from the list, and o the angle
of the cone.

In addition, we computed a 95 per 100 confidence interval for each point
on the small circle. The only track which seems appropiate is the upper
Carboniferous-lower Permian to lower Jurassic portion. The best-fitting
small circle and strip of confidence are displayed in Fig. 3.

GEODYNAMIC IMPLICATIONS

We will now test the consistency of the paleomagnetic data summari-
zed by the APW with published kinematic models for Iberia. There are,
roughly speaking, two categories of models: models advocating a single ro-
tation of Iberia relative to Europe, without significant transcurrent mo-
vement in the Pyrenees, and models assuming a left-lateral shift of the Ibe-
rian plate, inducing a strike-slip motion in the Pyrenees amounting to
about 400 km. In their most recent quantitative versions, the two kinds
of models are represented by those of Masson and Miles (1984) and Oli-
vet et al. (1984), respectively.

APW for Europe

In order 1o perform the above-mentioned test, we have to take into
consideration an APW for the European plate. The European data base
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Fig. 3.—Small circle fitting to the Cu-1 portion of the Iberian APW. The stippled lines are
the confidence limits (95 % level of significance) of the angular distance from a point on the

small circle to the pole P of the circle. P is the intersection of the axis with the northern
hemisphere.

has been discussed by various authors (Westphal et al., 1986; Fabre, 1986;
Besse, 1986). Although we believe that the available data ne¢eds a careful
and critical reexamination, this discussion is beyond the scope of the pre-
sent paper and we will provisionally adopt a data base corresponding to
most of the results selected by the authors named above. Fig. 4 shows that
the European APW can be matched by two successive small circles (Cu-J1
track and Ji-Ku track) linked by a «cusp» in the lower Jurassic. The sha-
pe obtained is very similar to the fitting of the North American APW pu-
blished by Gordon et al. (1984).
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Fig. 4.—Small circle fitting to the European APW. The fit is achieved with 2 small circles:

one for the Cu-JI track and one for the JI-Ku track. Crosses labelled P and lines have the
same significance as in Fig, 3.

Model of Masson and Miles (1984)

This modei describes the motion of the Iberian plate through three sta-
ges of evolution (Fig. 5b), but the authors did not mention an eulerian
pole of rotation for the intermediate stage at 106 Ma. Position 1 reached
at 84 Ma is practically identical to position 2 in the model of Olivet et
al. (Fig. 6b). The opening of the Bay of Biscay occurs during the move-
ment from position F (initial position) to 1, whereas the Pyrenean oro-
geny is a result of the convergence movement subsequent to position 1.
Restoring the Iberian peninsula to its initial location using the eulerian
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MODEL MASSON and MILES
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Fig. 5.—Model of Masson and Miles for the kinematics of Iberia.

a: Location of the Cu-JI portion of the Iberian APW after returning the plate to his initial
position, the European plate being in its preseni-day position. Te common small circle fit-
ted to the European and Iberian Cu-Jl portions of APW, along with the confidence strip
and the pole P to the small circle are show. d? is the sum of the square deviation of each
paleomagnetic pole from the small ¢ircle (see formulae 2).

pole of rotation calculated by Masson and Miles, induces a displacement
of the upper Carboniferous to lower Jurassic track of the APW which is
displayed in Fig. 5a. The figure also shows the small circle fitted to the
combined European-Iberian paleomagnetic poles. Owing to the dissimi-
larity between the number of poles defining each APW, the parameters
K | (see formulae 2) correspon%ing to the European poles were divided by

a constant so that the sums EKJ- for the European and Iberian APWs
i=1
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1

Fig. 5.—Model of Masson and Miles for the kinematics of Iberia.
b: F: initial fit: 1: position at 84 Ma.

respectively, would be equal. In this way, the quantity d ? (see formulae
2) is more sensitive to the fit and hence, more conclusive as to the good-
ness of fit. The fit proposed by Masson and Miles leads to a value of 70
for the sum of squares d 2.

Model of Olivet et al. (1984)

This model explains the opening of the Bay of Biscay by a lefi lateral
shift documented by 4 successive positions of Iberia. Position 3, reached
at 86 Ma, which is not really different from position 2, has been omitted
on Fig. 6b, for the sake of clarity. After returning Iberia to position 4, the
deviation between the European and Iberian APWs remains significant,
In order to bring them to coincide, a further rotation, moving the plate
from position 4 to F, must be assumed. The authors suggested that this
initial movement could have been connected with the opening of the
western part of the Tagus abyssal plain. So far the evidence supporting
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MODEL OLIVET et al
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Fig. 6.—Modei of Olivet et al. for the kinematics of Iberia. o
a: location of the Cu-J{ track of the Iberian APW after returning the plate to its initial po-
sition. For other lines and symbols drawn, see Fig. 3a.

this hypothesis is limited, but although the kinematics of this initial ope-
ning is scarcely known, its existence is required from a paleomagnetic
point of view. Assuming the initial location of the Iberian plate suggestied
on Fig. 6b, leads to a fit of the European and Iberian plates displayed on
Fig. 6a. The calculation of the quantity d ? (formula 2), performed in the
same conditions as in section 3-2, gives a value of 74. Thus, both models
lead to superpositions of APWs which are statistically equivalent, and the-
refore, it is impossible, on paleomagnetic grounds only, to make any dif-
ference between models as radically different as are the ones outlined
here.
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Fig. 6.—Model of Olivet et al. for the Kinematics of Iberia. N
b: F: initial fit; 4: position at 110 Ma; 2: position at 76 Ma; 1: position at 53 Ma.

Best fit

Modelling APWSs by parts of small circles allows the determination of
an eulerian rotation pole which gives the best fit, that is the fit which ren-
ders the quantity d 2 minimum. But without further constraints, there are
several solutions because any rotation whose axis Hes along that of the
commeon small circle makes no difference to the value of d <. Therefore,
in order to find only one best-fit position, we added the following further
constraint: on the small circles fitting separately the two APWs (that is in
their present-day locations), we chose two points of identifical age, P,
and P, say. Then we looked for the eulerian pole giving the smallest d2
under the condition that, after rotation, P, and P, must lie along the
same greal circle passing through the small circle axis (this condition is
equivalent, given d ?, to rendering the angular distance between P, and
P, minimal). We chose points corresponding to a 180 Ma age, because
on both APWs, these ages are radiometrically determined. The result is
shown 1f Fig. 7 and the eulerian pole of rotation with its associated ellip-
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Fig. 7.—Best fit of the Cu-J1 portions of the European and Iberian APW’s. For the lines and
symbols drawn, see Fig. 5a.

tically shaped confidence area are represented in Fig. 8. This «ellipse» of
confidence was estimated under the assumption that d ? is a chi-squares
statistic (Gordon et al., 1984). Eulerian poles whose axis are included in
the confidence area give values of d ?/d ? ,, less than the 95 by 100 level
of the Fisher-Snedecor F statistics with 38,38 degrees of freedom. Fig. 8
shows that the axis of the finite rotations given by the models discussed
above 1s located inside the 95 by 100 confidence area. Surprisingly, as can
be readily deduced from Fig. 8, the best fit solution is not consistent with
the generally accepted kinematics of the Iberian plate, because it involves
an initial location to the East.
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Fig. 8.—Stereographic plot centered on the northern hemisphere of the axis of the eulerian
rotation giving the initial locations of the Iberian plate using the best fit, Masson and Mi-
les (MM), Olivet et al. (0) model, respectively. Stippled curve is the boundary of the con-
fidence area (at the 95 % level of significance) for the axis of rotation.

This observation shows that paleomagnetic data alone is unable to
show the kinematic evolution of the peninsula. This is partly due to our
scant knowledge of the APW. It is to be remembered that the portion of
the APW suitable for the search for the fit, that is, the upper Carbonife-
rous-lower Jurassic portion, is defined by 6 poles only. On the other hand,
examination of the European APW shows that the data is unevenly dis-
tributed along the lower Permian-lower Jurassic track, with a majority of
lower Permian-lower Triassic poles and a lack of data in the late Triassic
period. But even with better sampling of both APWs, the inaccurracy in
fitting the APWs 10 a single small circle probably cannot be much redu-
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ced. Taking into account the Jurassic and lower Cretaceous poles, which
apparently belong 10 another small circle, would probably help in the
search for a better constrainted fit. Unfortunately, this improvement is
not possible with the current state of knowledge.

CONCLUSIONS

Using the data base listed in table 1, two methods of modelling APWs
have been applied. The data are too scarce for the sliding window method
to be efficient. But the age weighting outlined in section 2-1 leads to the
determination of a probability function S(t) which allows a graphical re-
presentation of the density of poles available and is a pictorial call for
new data. Although the iack of data is obvious in the late Triassic and the
late Cretaceous, which 1s a crucial period in the kinematic evolution of
Iberia, any new data will be valuable,

The method of fitting to small circles allows us to test the consistency
of kinematic models with the paleomagnetic data available for Europe and
Iberia respectively. Only the portions ranging from upper Carboniferous-
lower Permian to lower Jurassic are suitable and allow the fit to a com-
mon small circle after returning the Iberian plate to its initial position.
Both models tested give equivalent and undistinguishable results which
lead to the conclusion that it is not possibie, on paleomagnetic grounds
alone, to find an unambiguous kinematic model. Calculation of the best
fit and of a limit for acceptable poles of rotation merely shows that both
models are consistent with the paleomagnetic data.

Once again, the lack of paleomagnetic data is responsibie for the fact
that the paleomagnetic method alone is unable to give close constraints
to the kinematic evolution of Iberia.
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