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Abstract

The detailed plate reconstruction within Pangea megacontinent has been an ongoing debate among the
paleomagnetic community for decades. The Pangea B hypothesis, implying a 3500 km Triassic dextral megashear
on the Gondwana-Laurussia limit, has been recently reinforced by new data, excluding Southern Alps sites. This
configuration, at odds with geelogical evidence, does improve the coherency of paleomagnetic poles from
Gondwana and Laurussia. However, the corresponding apparent latitudinal difference between the two
supercontinents can be easily accounted for, without invoking this megashear, considering the effect of inclination
error (or equivalent non-dipole field) on the site distribution used in the paleomagnetic study. Once northern
hemisphere Southern Alps data are considered. Pangea B no longer holds. Large inclination errors (10°-30°) are
10 be expected in the Permo-Triassic continental sediments as demonstrated in the Esterel and possibly Argentina
Permo-Triassic studies or in Neogene analogues such as the Siwalik or Catalan basin sequences. An overall
discussion of the inclination error problem is given. Analysis of the database also suggests an age bias between
the Gondwana and Laurussia reference poles at the Permo-Triassic boundary, partly responsible also for the
latitudinal shift. Finally, Moroccan data are demonstrated to be irrelevant for computing a Gondwana early
Triassic pole.

Key words paleomagnetism — Trias — Permian — 3) ChRM acquisition can be precisely dated,
Pangea — inclination error and often equated to the age of rock formation.

Application of these simple rules, through

the compilation of paleomagnetic poles and

L. Introduction apparent polar wander paths for major plates,
. i has provided major constraints on geodynamic

The major postulates of paleomagnetism reconstructions (Van der Voo, 1993). However,
applied to tectonics are: these postulates are only valid to a certain de-
I} Characteristic natural Remanent Magnet- batable extent. Failure of the first one has been
ization (ChRM) is parallel to the geomagnetic clearly demonstrated in the case of the inclina-
field in W,h"“‘],l it is acquired. . tion error of sediments, with errors up to 30°,
2) This field when average through time increasing with the anisotropy of the rock (e.g.,
corresponds to a geocentric axial dipole (GAD Tauxe and Kent, 1984; Collombat e al., 1993
hypothesis). and references of chapter 2). The GAD hypoth-

esis is valid with a 5% error for the last 5 Myr
(Quideleur et al., 1994), and there is significant
evidence for a large non-dipole field (NDF)
University of Aix-Marseille 3, BP 80. Européle de I'Ar- of 15 to 25% in the past (Schneider and Kent,
bois, 13345 Aix en Provence. Cedex 4. France: c-mail: 1990; Kent and Smethurst, 1998; Rochette et al.,
rochette @cerege. fr 1998). Finally, determination of the ChRM age
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is subjected to several uncertainties. Not even
considering the problem of eventual remagnet-
ization, the age initially assigned to a rock unit
may have been changed thirty years after the
original paleomagnetic study. Reassessment of
earlier radiometric or biostratigraphic dates of-
ten fails to be recorded in the paleomagnetic
database, whose bulk data on the major conti-
nents often date back more than 25 years. The
purpose of the present review paper is to illus-
trate how these considerations affect the Pangea
B hypothesis (Irving, 1977).

The configuration of the megacontinent Pan-
gea prior to its splitting in early Jurassic times is
well constrained by plate tectonic models based
on oceanic Tloor spreading. The persistence of
this configuration (called A1) through the whole
duration of Pangea, i.e. since late Carboniferous

Hercynian orogenies, is a matter of debate among
paleomagnetists and mainly concerns the re-
spective position of Gondwana and Laurussia
(Smith and Livermore, 1991; Van der Voo, 1993).
The mean paleopoles of these two parts of Pan-
gea steadily disagree during the existence of
Pangea, but the early and late poles of this set
can be fitted using another configuration called
A2, A2 configuration implies a counterclock-
wise relative rotation (during A2 to Al change)
of 20° of Gondwana with respect to Laurussia,
without many relative displacements and over-
laps along the contact of North America and
North-West Africa. After this fit, the Permian
and early to middle Triassic poles still disagree
by an angle 3, in between 10° and 20° (Van de
Voo, 1993). Only a latitudinal movement of
Africa with respect to Laurussia of the same

Fig. 1. Reconstruction of Gondwana and Laurussia late Permian-early Triassic position in the Pangea B
confliguration after Torcq e al. (1997), including Apulia (A). Sites used in this study for mean pole calculations

are indicated by crosses (numbers refer to table I).
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amount 8 can resolve this disagreement. This
requires a dextral «megashear» along their con-
tact (fig. 1). The Pangea B reconstruction (Irv-
ing, 1977; Hallam, 1983) corresponds to a 3500
km displacement during the end of the Trias, i.e.
at arate of the order of 10 em/yr. Following Van
der Voo (1993) this reconstruction appears geo-
logically unrealistic for two major reasons:

— Suchamegashear, unique in geological his-
tory for continental plates, should have resulted
in tremendous mountain building and basin for-
mation due to the non-linearity of the fault zone.

— The Appalachian-Mauritanides late Her-
cynian suturing, which is quite well constrained
by the paleogeographic and tectonic synthesis
(Lefort and Van der Voo, 1981; Vauchez er al.,
1987) would be either rejected in favor of a
Appalachian-South America and Mauritanides-
Hercynian Europe suturing poorly constrained
by geological evidence, or achieved by a sinis-
tral megashear, even more unrealistic. This back
and forth movement between B and A2 config-
urations is also suggested by the late Carbonif-
erous paleopoles.

A qualitative argument in favor of Pangea B,
the existence of dextral movements and tran-

stension basins in Southern Europe and North
West America during the Permo-Triassic period
(Arthaud and Matte, 1977), is also accounted
for by the A2 to Al rotation. This latter model
implies a much more realistic displacement in
between 150 and 300 km.

Therefore, it was concluded that the discrep-
ancy of Permo-Triassic mean paleopoles in the
A2 configuration is the result of poor number
and quality of the data, together with problems
in age control and ultimately in the GAD hy-
pothesis (Smith and Livermore, 1991; Van der
Voo, 1993). Moreover, plate reconstruction with-
in Gondwana is itself inconsistent with paleo-
magnetic results, suggesting that only W Gond-
wana (Africa and South America) should be
compared to Laurussia. This selection implies a
dramatic decrease of Gondwana poles to be
used in the reconstruction, further questioning
the significance of 7 values.

Recently, two attempts to refine the W Gond-
wana APWP in Permian and Triassic times have
led to contradictory results. Using a majority of
Southern Alps sites, Muttoni ef al. (1996) con-
cluded that the preferred reconstructions should
he Pangea A2 in middle to late Triassic and

Table I. W Gondwana late Permian - early Triassic results, selected in Torcq er al. (1997). Studies where
inclination only is used in mean Gondwana pole indicated by a star. Numbers as in fig. 1. Full references in Torcq
et al. (1997). Inclination of ChRM in stratigraphic coordinates together with latitude error according to model

with f=0.3.
Number Unit Rock type Inclination Error lat. Reference
l Sudair Shale, Arabia Red beds -22 11 Torcq et al. (1997)
Sakamena Fm., Madagascar Red beds -50 19 McElhinny (1976)
3% Tanzania Red beds - 58 19 Nyblade er al. (1993)
Cassanje series, Angola Red beds —41 18 Valencio ef al. (1978)
5% Ait-Adel, Morroco Dolerite siil 43 0 Hailwood (1975)
6F Issaldin, Morroco Dolerite sill 35 0 Hailwood (1975)
o Morroco combined Sed. and volc. 45 - Daly and Pozzi (1976)
8 Corumbatai Fm, Brazil Red beds —45 18 Valencio et al. (1976)
9 Irati Fm, Brazil, Marls and limestones - 38 17 Pascholati et al.(1976)
0 Amana Fm., Argentina Red beds - 36 19 Valencio et al. (1977)
11 South Nihuil lavas, Argentina Various extrusives - 02 0 Creer et al. (1970)
12 Amana Fm., Argentina Red beds - 40 17 Creer et al. (1970)
13 Rio Chasquil, Argentina Red beds - 44 18 Thompson (1972)
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Pangea B in early Permian, with no preference
for late Permian - early Triassic times. The re-
sulting B angles are near 10° or less. However,
the improvement brought by Pangea B for early
Permian is hardly significant: § of 5° £ 6° in-
stead of 9° + 6°.

Torcq er al. (1997) excluded Southern Alps
data, based on suspicion on the actual fit be-
tween Apulia and Africa. Using new data from
Arabia, Africa and South America they pro-
posed a rather well defined late Permian early
Triassic pole (244 = 11 Ma) for W Gondwana
(see table I) which again favored the Pangea B
hypothesis. The updated Laurussia and W Gond-
wana mean paleopoles from this study confirm
a significant § angle of 20° + 8°, Considering
this new evidence, the Pangea B hypothesis can
only be rejected by dismissing the GAD hy-
pothesis or by invoking a persistent age bias.
Indeed, the younger the Laurussia pole is com-
pared to the (244 Ma) W Gondwana pole, the
smaller the angle /3.

2. Effect of inclination error and NDF on
mean Gondwana and Laurussia poles

The two above mentioned possible biases on
the data used by Torcq er al. (1997) can be con-
sidered in the light of the late Permian Esterel
data (Zijderveld, 1973). These data, included in
the Laurussia database, were recently reassessed
(Rochette et al., 1997; Viag et al., 1997) con-
firming the high quality of the mean poles de-
rived from 12 volcanic units (with a total of 35
sites, 400 samples and positive fold test) and
interbedded sedimentary formations (57 sam-
ples). These high quality data are clear evidence
of an inclination bias of the ChRM recorded in
sediments with respect to the «true» field direc-
tion recorded in volcanic rocks. Indeed, after
bedding correction the volcanic formations yield
a ChRM inclination of 23° + 2° whereas for the
interbedded sediments they yield 11° + 2°, con-
sistent with several other studies of late Permian
sediments in Southern France (Van der Voo,
1993). This inclination error is responsible for a
paleolatitudinal error A4 of 5% +2°. Interest-
ingly the Esterel case is repeated in the Argen-
tinian data (table I): the only volcanic pole from
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South America (item 11 in table I) gives a much
higher inclination than the contemporary red-
beds (items 10, 12-13 in table I). However the
Nihuil volcanics are found further south of the
other studies (300 km; this latitude difference is
taken into account in fig. 2) so that the synchro-
nism with the sediments is less well constrained
than in Esterel.

Inclination error arises when anisometric re-
manence bearing particles are oriented within
the bedding plane as a result of either deposition
(case of DRM) or compaction (case of pDRM).
It appears particularly common and large (of the
order of 10° to 40°, see Tauxe and Kent, 1984;
Collombat et al., 1993; Garces et al., 1996;
Raosler et al., 1997) in terrestrial sediments (fly-
sch, argillites and argillaceous sandstones), be-
cause they lack bioturbation observed in most
marine sediments and because the coarse grain
size and large sedimentation rate favor anisotro-
py and DRM preservation. The effect of com-
paction {(Anson and Kodama, 1987; Arason and
Levi, 1990; Kodama and Sun, 1992; Hodych
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Fig. 2. Mean formation latitude error versus apparent
latitude (from ChRM inclination) for various ChRM
anisotropy coefficients f. Results from Esterel and
Argentina (Creer et al., 1970, number 1 and 12 in
table I) according to the difference between volcanics
and redbeds; for Siwalik and Catalan Neogene
sediments predicted latitude is used.
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and Bijaskana, 1993) is responsible for smaller
inclination error (of the order of 5°-15%) in bio-
turbated fine-grained sediments where a post
deposition randomization of magnelic grains
occurs. A specific case may correspond to red-
beds, where a chemical remanence (CRM) is
often advocated (but see Kruiver et al., 2000,
for DRM evidence in Permian redbeds). The
growth of magnetic grains, although it postdates
deposition, may mimic the strong fabric of pri-
mary detrital grains resulting in an anisotropic
CRM. Indeed inclination error would adequate-
ly explain the systematic too southern paleolati-
tudes found in Central Asia and China Creta-
ceous and Tertiary redbeds (Chauvin et al., 1996;
Kodama and Tan, 1997; Cogné et al., 1999).
Moreover, compaction adds to deposition ani-
sotropy. It is therefore much more probable that
a large inclination error is quite systematic in
the Permian and Triassic continental sediments
used in Pangea paleomagnetic reconstruction.

Inclination error (field minus ChRM inclina-
tion), which is equivalent to an octupole term
in the non-dipole field, follows the simple func-
tion

ftg]F = tg[cmm

where fis an anisotropy coefficient (Coe ef al.,
1985; Jackson er al., 1991). Various approaches
to estimate f, in particular from remanence ani-
sotropy measurements, have been proposed in
the above-mentioned papers. However, as no
anisotropy data is presented here on the forma-
tions used for Pangea discussion, f will be esti-
mated from case studies where /, can be con-
strained. The above function can be translated
into a latitude error versus latitude law (fig. 2)
showing that the error is maximal at midlati-
tudes. Taking = 0.5, i.e. in between the values
derived from Esterel, Argentina, Catalan and
Siwalik redbeds data, gives a A4 in between 15°
and 20° for apparent latitudes between 17° and
48°, or real latitudes between 32° and 63°, Con-
sidering the Siwalik case (Résler et al., 1997),
even lower latitude sites can vield high Ads. The
geographic location of the sites integrated in the
compilation of Toreq et al. (1997) indicates that
all Laurussia poles come from apparent paleo-
latitudes between 0° and 15°N, while all W
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Gondwana sites, except Morocco, come from
apparent paleolatitudes between 11°S and 45°S
(table I and fig. 1). Applying an f value of 0.5
leads to a range of apparent latitude error A4 of
(°-13° and 11°-20° for continental sediments of
Laurussia and Gondwana (except Morocco), re-
spectively. Of the 13 poles or small circles used
in Toreq et al. (1997) for the Gondwana mean
pole, only 4 are from volcanic rocks (among
which 3 are from Morroco, table I) the rest being
continental sediments, with a dominance of red-
beds. The situation is similar for Laurussia, with
only 3 poles from volcanic rocks from a total of
19. Therefore the effect of inclination error will
be only slightly reduced by the volcanic data.

The fact that the sites of each part of Pangea
are situated in different hemispheres (fig. 1)
entails that an inclination error would bring both
Laurussia and Gondwana closer to the equator,
i.e. In Pangea B configuration. This effect is
hardly averaged out in the process of compiling
a mean paleopole for each block, as the paleo-
longitude coverage of the sites is only about 65°
for Laurussia and Gondwana. The Gondwana
figure is reduced to 45° if the Arabian data of
Torcq et al. (1997) are removed. As these data
are not used in the mean as a pole but as a small
circle due to their lack of declination, they have
less weight in constraining the mean Gondwana
pole. Considering this site distribution, the
value of 20 is therefore easily accounted for by
an anisotropy coefficient f similar to that of the
Esterel or Argentina documented cases. This
latitude error will primarily contaminate the
Gondwana data as they come from a higher
latitudinal band than the Laurussia data. Table I
shows that an average latitude error of at least
15° is predicted for Gondwana, while Laurussia
could provide the remaining 5° (Esterel value).
The reason for the restriction of this large incli-
nation error effect to the period of the Permian
and early Triassic is double: before and after (i)
the mean poles are derived mainly from marine
sediments and volcanic rocks and (ii) the hem-
ispheric splitting is no longer valid.

Kent and Smethurst (1998), by compiling ail
paleomagnetic data from the Paleozoic, found
that the data set was biased toward low latitude
sites. The observed bias could be accounted for
by an inclination error with an f value of 0.5.




Pierre Rochette and Didier Vandamme

However, as magmatic rocks in their database
share a similar bias, they excluded an inclina-
tion error and invoked a large NDF, namely an
octupole contribution of 25%. In fact, inclina-
tion error and octupole field produce exactly the
same latitudinal error distribution (fig. 2). Un-
fortunately, their method requires too many sites,
randomly distributed, to apply it to only Permo-
Triassic data. It is therefore possible but not
demonstrated by their study that this period is
also affected by significant NDF, biasing paleo-
latitude in the same sense as discussed for the
inclination error.

3. Moroccan data

The case of Moroccan data needs to be dis-
cussed separately, as it is an exception to the
hemispheric splitting of Gondwana and Laurus-
sia data. Indeed following Torcq et al. (1997)
and fig. 1, in the Pangea B configuration the
Moroccan sites at the Permo-Triassic boundary
should be at about 15°N-20°N, some 5°-10°
north of Southern France sites (Esterel). In the
Pangea A configuration they should be equato-
rial, keeping Laurussia fixed. The individual
paleolatitudes deduced from the three Moroc-
can entries used in Torcq er al. (1997) are in
between 19°N and 26°N, apparently coherent
with the Pangea B prediction. However, the ages
of these poles are actually closer to the late
Trias-Lias boundary (208 Ma), using K/Ar data
from the source articles (Hailwood, 1975; Daly
and Pozzi, 1976; Martin et al., 1978; Westphal
etal., 1979) so that their inclusion in Gondwana
mean 244 Ma pole, is quite questionable. In
fact, more recent Ar/Ar ages confirm an early
Liassic age at 200 =2 Ma (Sebai et al., 1991).
Moreover, the more than 50 late Trias-Lias sites
studied in volcanic and sedimentary rocks (Hail-
wood, 1975; Daly and Pozzi, 1976; Martin et al.,
1978; Westphal et al., 1979) in various places of
Morocco have all revealed normal polarities (ex-
cept the poorly defined Tichka sandstone result
from Hailwood, 1975) with mean paleolatitudes
around 20-25N, indistinguishable from that of
Cenomanian paleopoles (fig. 3). Several revers-
als per Myr are observed around 200 Ma (Yang
et al., 1996) thus implying that all the basalts
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and related sedimentary rocks, if carrying their
primary magnetization, should have been em-
placed in a very short time. This may be the case
for the basalts (Marzoli er al., 1999), but it is
unlikely for the sedimentary rocks. Therefore,
all late Trias-Lias directions from Morocco might
correspond to a remagnetization during the long
normal Cretaceous period. This would fit with
the Jurassic results (Hailwood, 1975; Martin
et al., 1978), which show lower paleolatitudes
than those of Trias-Lias data. Source papers do
not provide the information necessary to evalu-
ate the fold test results. Even if that fold test
were positive, it would not exclude a prefolding
remagnetization as folding in Morocco post-
dates the mid-Cretaceous.

For Northern Africa only two results can be
assigned to the Permo-Triassic age range (Abou-
Deeb and Tarling, 1984). Sedimentary rocks
trom Tunisia and Algeria yield paleolatitudes of
7°5 = 11° and 0° = 15°, respectively. Despite
this poor precision, this does not support a po-
sition north of Southern France (11°N accord-
ing to the Esterel data). Good quality early Per-
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Fig. 3. Trias-Lias (circle) and Cenomanian (triangle)
VGPs obtained in Morocco (Hailwood, 1975; Daly
and Pozzi, 1976; Martin et al., 1978; Westphal er al.,
1979) compared to the mean W Gondwana poles
(square) from Van der Voo (1993). Poles used by Toreq
et al. (1997) are highlighted by a cross.
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mian (Autunian) data are available for Morocco
and indicate paleolatitude of 2°N + 3° (Morel
et al., 1984) which can be compared to the
equatorial paleolatitude inferred for the Autu-
nian of Southern France (Van der Voo, 1993).

Another constraint can be derived from
Apulian data (Van der Voo, 1993, Muttoni et al.,
1996) which according to their coherency with
the African plate should show a paleolatitude
similar to that of Morocco (fig. 1). Consistent
Apulian paleolatitudes of 7°N +4° (at Roma)
for the Permo-Triassic boundary are again at
odds with the Trias-Lias Moroccan data and
the Pangea B configuration. In fact, as already
mentioned in the introduction, the integration
of Apulian data to compute the APWP of Gond-
wana (Muttoni et al., 1996) results in a Pangea
A2 configuration at the Permo-Triassic bound-
ary.

Therefore, we conclude that the early Trias-
sic Gondwana mean pole computed by Torcq
et al. (1997) is biased by the Moroccan data of
demonstrated late to post Triassic age (25% of
the pole set), and that no support for the Pangea
B relative paleolatitude prediction is found in
the North African and Apulian Permian and
early Triassic data. These areas being nearly
equatorial, and thus weakly subjected to incli-
nation error or octupole field effect, this is a
quite strong argument against Pangea B. The
only way to save Pangea B would be to assume
that the shear zone between Laurussia and Gond-
wana was south of Morocco, that is Morocco
(and Apulia) belonged to Laurussia during Pan-
gea time. The geological consequences of this
hypothesis should be investigated, but it seems
clearly rejected by the Saharan craton data of
Morel er al. (1984) and Henry er al. (1992).

4, The problem of age assignment

This question may be less important than the
inclination error or NDF effect but it is in prin-
ciple quite critical for the late Permian - Early
Triassic reconstruction. Indeed if the 244 Ma
pole of Gondwana is compared to the 214
instead of the 242 Ma Laurussia pole of Torcq
et al. (1997), then Pangea A2 becomes accept-
able.
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The early Triassic age of all Gondwana sites,
except the Permian Tanzania pole of Nyblade
et al. (1993; used as a small circle), and the
much younger Moroccan sites (early Lias or
Cretaceous if remagnetized), seems to be sup-
ported by their biostratigraphy and the presence
of reversals. On the other hand, several studies
{5) used to compute the 242 Ma Laurussia pole
are from the Kiaman reverse Permian super-
chron, including the Esterel study. So it seems
that the age distribution of Gondwana and Lau-
russia poles used by Torcq et al. (1997) are
biased toward late Trias (3 out of 13) and Kia-
man (5 out of 19), respectively. This bias may
be as great as the 30 Ma value mentioned above
to accept Pangea A2. Indeed Menning (1995)
placed the end of the Kiaman, Permian and
Trias at about 263, 245 and 208 Ma, respective-
ly. Recent Ar/Ar dates from Esterel (Zheng
et al., 1991-1992) give an age between 268
and 272 Ma for the Esterel volcanics, a much
too old age for a pole used in the 242 £ 5 Ma
mean Laurussia pole. Interestingly, the paleo-
magnetic age of the Esterel volcanics and
intercalated sediments should be, according
to the mean poles computed by Toreq er al.
(1997), 235 and 255 Ma, respectively. Consid-
ering the quality of the Esterel data, this demon-
strates an important age bias in the computed
mean poles.

The above mentioned problems clearly point
out that the paleomagnetic database must keep
track of age reassessments through the progress
of isotope chronology and biostratigraphy, par-
ticularly in pre Jurassic non marine formations.
This is a very tedious task but unfortunately
high quality paleomagnetic data are worthless if
misdated.

5. Discussion and conclusions

Although the paleomagnetic data used to
invoke an early Triassic Pangea B seem quite
robust, we put forward an alternative interpreta-
tion of the latitudinal discrepancy between Lau-
russia and Gondwana, in terms of invalid paleo-
magnetic assumptions. Namely, the discrepan-
¢y can be solved by the combined effects of:
1) inclination error and/or non-dipole field on
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the south and north hemisphere location of Gond-
wana (except Apulia and Morocco) and Laurus-
sia, respectively; 2) systematic age bias, and
3) use of the misdated and possibly remagnet-
ized Moroccan sites. The fact that Apulian data
fail to support early Triassic Pangea B is among
the strongest arguments for (1). Although incli-
nation error cannot be actually estimated in each
redbeds formation studied, it is demonstrated
in the Esterel and Argentina studies where
volcanic rocks exhibit much larger inclination
than sedimentary rock of the same age. As a late
Triassic «Tethys twist» is highly unlikely in
terms of geological record, energy balance and
plate tectonics mechanisms (e.g., Torcq et al.,
1997, estimated a minimum velocity of 9 cm/
yr), our contention of systematic bias in the
paleomagnetic database may be preferred.
Whether Pangea B existed earlier and trans-
formed into A2 in Permian times is discussed by
Muttoni et al. (1996). However, the improve-
ment on early Permian poles brought by B in-
stead of A2 configuration is marginally signifi-
cant. At that period the roughly EW oriented
limit between Gondwana and Laurussia does
not allow a distinction between B and A2 con-
figurations. Whether the artifacts discussed here
for late Permian - early Triassic also explain the
remaining early Permian misfit of 9° £ 6° in the
Pangea A2 configuration is beyond the scope of
the present paper. Laurussian sites are more
equatorial in early Permian but inclination error
still largely affects the Gondwana sites.
Therefore, the Pangea B case is very proba-
bly a unique example of «constructive» addi-
tion of difference sources of error in paleomag-
netic reconstructions, due to the hemispheric
splitting of the two parts of Pangea and also the
global northward movement during early Mes-
ozoic. More generally, the above discussion
should serve as a cautionary note in the system-
atic interpretation of paleomagnetically derived
latitude discrepancies in terms of NS displace-
ment, and in the uncritical confidence on tabu-
lated paleopole ages. During review of the
present paper, Van der Voo and Torsvik (2001}
presented evidence for an octupole field of 10%
in Permo-Triassic time and suggested that it
accounts for the Pangea A misfit. However,
they also show that a 20% octupole field is
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necessary to allow Pangea A (their fig. 7). So
our contention is that a significant inclination
error effect and age bias is added on top of non-
dipole field.
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