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ABSTRACT

Van der Voo, R. and Meert, J.G., 1991. Late Proterozoic paleomagnetism and tectonic models: a critical appraisal. In: R.J.
Stern and W.R. Van Schmus (Editors), Evolution in the late Proterozoic. Precambrian Res., 53: 149-163.

Interpretations of Proterozoic orogenic belts in terms of plate tectonic processes have been widely divergent. Published
models range between the extremes of no relative motions between continental nuclei (implying ensialic orogenic pro-
cesses ) on the one hand, to large-scale relative motions with oceans opening and closing (resulting in continent-continent
collisions ) on the other hand. Paleomagnetic data can, in theory, contribute significantly to this debate; however, as shown
in this paper, several tectonic interpretations on the basis of paleomagnetic data have been premature. A critical continent
in many of the previous models is Africa. In order to test hypotheses, for instance, for the late Proterozoic—-Cambrian Pan
African orogeny, a compilation of paleopoles has been made for Africa, with age ranges falling fully or partially within the
interval of 1150 to 500 Ma. A quantitative comparison of the quality of this African dataset with the Phanerozoic poles
for North American and Europe shows that the late Proterozoic paleopoles of Africa generally have very low reliability. It
appears that the data from other Gondwana continents are equally unreliable and even less abundant. This means that
currently the dataset of Gondwanaland cannot be used with confidence for the testing of tectonic models such as the
Precambrian supercontinent, at least for the time after 1150 Ma. Well-dated late Proterozoic paleopoles from the three
cratonic nuclei within Africa (Congo, Kalahari, West Africa) define relatively short apparent polar wander path segments,
but each with different age ranges. This implies that they cannot be compared with each other to test relative motions
between the cratonic nuclei and that a choice between ensialic and ensimatic models for the Pan African orogenic belts
cannot yet be based on paleomagnetic data. While this does not imply that the tectonic models (e.g. those of Piper and
McWilliams) are wrong, it does mean that substantial paleomagnetic support for them will have to wait more and higher-
quality paleopole determinations with better dating precision.
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Introduction

For many investigators studying Precam-
brian tectonics there is little question that the
plate tectonic paradigm explains many fea-
tures of the structure, facies and tectonic re-
gimes of the Proterozoic shields of the world.
Especially for the Canadian Shield, publica-
tions dealing with Proterozoic sutures, conti-
nent—continent collisions and, by inference,
seafloor spreading and subduction, are quite
numerous (e.g. Camfield and Gough, 1977;
Gibb et al., 1980; Hoffman, 1988 and the many

references therein ). While paleomagnetic data
have been influential in the documentation of
plate tectonic processes during the Phanero-
zoic, there is hardly any firm support from fos-
sil remanence for Proterozoic plate tectonic
scenarios such as oceans closing between cra-
tonic elements through subduction or for con-
tinent—continent collisions. For North Amer-
ica this is due, in part, to the difficulty of
obtaining enough early Proterozoic (pre-Hud-
sonian ) paleopoles from the different tectonic
elements that constitute Hoffman’s (1988)
United Plates of America. After an early, and
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no longer viable, proposal invoking paleomag-
netic support for a Grenville-Superior colli-
sion (Irving et al., 1972) and a controversial
attempt to delineate plate convergence be-
tween the Superior and Slave provinces with
paleomagnetic poles (Cavanaugh and Seyfert,
1977, Roy et al., 1978 ), some workers have re-
cently revived the issue with promising results
(e.g. Symons, 1989); however, the evidence
remains meager.

For other continents, paleomagnetists have
been equally cautious and conservative in their
interpretations of Precambrian apparent polar
wander path in plate tectonic terms; excep-
tions are formed by the papers of Onstott and
Hargraves (1981), Onstott et al. (1984), and
McWilliams (1981). Although others have ar-
gued as well that there is paleomagnetic sup-
port for Proterozoic relative motions (e.g.
Burke et al., 1976), the predominant senti-
ment has been that the assembly of tectonic
nuclei within a shield, such as found in Africa,
has been a relatively permanent Proterozoic
feature (e.g. McElhinny and McWilliams,
1977, McWilliams and Kroner, 1981). While
such models, based on paleomagnetism, may
envision limited rifting and separation be-
tween cratonic nuclei, and do not necessarily
argue against the plate tectonic scheme, the
mobile belts between the nuclei are envisioned
to have had no appreciable seafloor spreading
or subduction of oceanic crust: the orogenic
belts fit the definition of ensialic orogenies
(McWilliams and Kréner, 1981). Kroner
(1977, 1980, 1982) has summarized the tec-
tonic models underlying this concept.

For a discussion of late Proterozoic plate
motions, West Gondwana (Africa and South
America) is a key continent: it is traversed by
late Proterozoic (Pan African) orogenic belts
that separate older nuclei; relative movements
between these nuclei can be tested with a good
paleomagnetic data set. In contrast, other pa-
leomagnetically well-studied continents, such
as North America and the Baltic Shield-Rus-
sian Platform do not provide opportunities to
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test late Proterozoic plate tectonic models, be-
cause even if they do contain younger Proter-
ozoic mobile belts, these are generally located
at the cratonic margins. While the models ad-
vanced by the paleomagnetists have generally
not included large relative motions between
Africa’s cratonic nuclei, interpretations of geo-
logical features in plate tectonic terms have in-
cluded arguments in favor as well as against.
Many papers describe the Pan African mobile
belts as being the result of plate motions and
the formation of oceanic crust, i.e., as ensi-
matic orogenies (Black, 1978; Black et al.,
1979; Barnes and Sawyer, 1980; Leblanc and
Lancelot, 1980; Shackleton et al., 1980; Un-
rug, 1983; Andersen and Unrug, 1984; Porada,
1989; Key et al., 1989), whereas others have
argued against this and favored ensialic models
(e.g. Shackleton, 1976; Kroner, 1977; Martin
and Porada, 1977). It is clear that at this time
there is no consensus about the tectonic setting
of the Pan African belts.

On a more global scale, it has been proposed
by Piper (1976) that a single supercontinent
existed for the entire Proterozoic interval and
consisted of the Gondwanan, North American
(Laurentian), North and East European (Bal-
tican) and Siberian continental shields. The
paleomagnetic evidence for this superconti-
nent has been presented most recently by Piper
(1987) and incorporates all paleopoles for the
Proterozoic, which in his model are presented
as falling systematically on a common appar-
ent polar wander path according to their as-
signed ages. The only allowance for relative
motions made by Piper in this model is for a
brief readjustment period around 1 Ga, when
Baltica and Laurentia and East and West
Gondwana fragments rearranged themselves
into a modified configuration (Fig. 1). In con-
trast to the late Proterozoic supercontinent
model, McWilliams (1981) has argued that the
Paleozoic configuration of East and West
Gondwana did not exist prior to the latest Pre-
cambrian—early Paleozoic Pan African
orogeny.
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Fig. 1. Cartoon of continental reconstructions of Gond-
wana (from Piper, 1987) for (a) times before 1000 Ma,
and (b) late Precambrian-Paleozoic times after 700 Ma
(or earlier; this reconstruction is called “Gondwanaland
A’ and is similar to that of Smith and Hallam, 1970).

There are thus two outstanding problems for
paleomagnetism to resolve, in so far as late
Proterozoic time is concerned. First, it is a
matter of great importance to discover whether
or not there was large-scale relative motion be-
tween the major continental cratons and when
this drift occurred (such as between North
America and West Africa or between East and
West Gondwana ). Second, it is a matter of de-
bate whether individual cratonic nuclei within
a continent, such as Africa, underwent large-
scale relative motions with respect to each
other. The evidence accumulated thus far from
paleomagnetism and from other geological
disciplines is conflicting, as discussed above.

To resolve such questions, a good paleomag-
netic data base is necessary. A look at the
available late Proterozoic paleopoles for Af-
rica is very revealing and will form the first part
of this paper. Evaluation of late Proterozoic
data from the perspective of the much better
studied Phanerozoic shows that the quality is
generally too low to make any significant con-
clusions. The second aspect of Precambrian
paleomagnetic analysis that we wish to high-
light deals with problems in the construction
of common global apparent polar wander
paths, such as carried out by Piper (1987).

Reliability criteria

There are three basic criteria for a good pa-
leomagnetic paleopole determination that are
generally recognized: structural control, age of
the paleopole, and paleomagnetic laboratory
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treatment of sufficient samples. It should be
noted that if some criteria are not satisfied, the
paleopole may still be a valid record of the an-
cient field, while poles that meet more than the
minimum criteria may occasionally turn out to
be seriously in error because the magnetiza-
tions were erroneously diagnosed as primary
and in need of structural correction. Beyond
the three basic criteria, moreover, there is a
wide variety of individual preferences, and
even for the basic “requirements” mentioned
above, the minima are not always uniformly
set in the literature. The acceptable minimum
in terms of the number of sites or samples, the
allowable error limits on an age determina-
tion, and the minimum level of laboratory
treatment (demagnetization) are all subject to
variable rejection criteria, depending on the
analysis performed. It is easier to know when a
paleopole has been well determined than it is
to know with any certainty that it is flawed.

In a recent paper (Van der Voo, 1990), seven
reliability criteria have been proposed, in ad-
dition to a basic requirement that demagneti-
zation must have been performed on all sam-
ples. This last requirement excludes many early
results in the 1950°s and 1960’s that were based
on untreated natural remanent magnetizations
(NRM'’s) only. Although these criteria are
published, they are repeated here for com-
pleteness’ sake. They are:

(1) A well-determined age for the rock unit
from which the results are derived, and a pre-
sumption that the magnetization is of about the
same age. Our preference is that the age limits
for Precambrian results should be set to +4%
or =40 Ma, whichever is smaller, because any
uncertainty range larger than that would di-
minish the usefulness of the result in terms of
tectonic interpretations when the magnitude of
typical apparent polar wander is taken into ac-
count. For a Precambrian rock unit of
2000 =40 Ma, the total uncertainty of 80 Ma
would imply an angular uncertainty of +16
degrees, when a typical Cenozoic apparent po-
lar wander water of 32 degrees per 80 Ma is



152

assumed. This angular uncertainty corre-
sponds to the maximum A95 discussed below
for criterion 2.

(2) A sufficient quantity of entries (sam-
ples) and adequate statistical precision. Our
preference is to have this criterion satisfied
when the number of samples used is greater
than 24, and the precision parameter, k (or K
for the mean of virtual geomagnetic poles), is
greater than 10.0 and alpha95 (or A95) is less
than 16 degrees. Previous compilations have
used smaller as well as larger limits; the spe-
“cific numbers selected allow for a good num-
ber of paleopoles to satisfy this criterion.

(3) Adequate demagnetization. Results ob-
tained without demagnetization of all samples
should not be used for tectonic analyses and
have not been included. However, even if de-
magnetization was performed, it cannot be as-
sumed that magnetic components are appro-
priately isolated, e.g., in the case of blanket
treatment in low alternating fields (AF) or us-
ing low temperatures only. Only when vector
subtraction is performed, as illustrated by or-
thogonal vector diagrams (Zijderveld, 1967),
by the use of stereonets giving change in direc-
tion combined with intensity decay plots, or by
principal component analysis (PCA; Kirsch-
vink, 1980), can one be assured that magnetic
components are isolated as well as possible.

(4) Field tests that constrain the age of mag-
netization, such as the fold, conglomerate and
contact tests, may not always be possible be-
cause of the limitations of outcrop and field
settings. However if such tests are positive and
statistically significant, they satisfy this crite-
rion and, hence, make paleopoles more reliable.

(5) Structural control, including a presump-
tion that the area studied belonged to the cra-
ton or tectonic block involved, should be com-
plete for this condition to be met. For orogenic
belts, results from intrusives with ages older
than the last tectonic phase or results from
thrust sheets, that may have rotated, will not
satisfy this criterion.

(6) The presence of reversals is a powerful
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test that enough time has lapsed for secular
variation to be averaged. Moreover, antipodal
reversals generally preclude a systematic bias
caused by a small but unrecognized overprint.
Although reversals are no guarantee that a rock
unit is not remagnetized, they add reliability
to a result and, hence, will satisfy this sixth
criterion.

(7) No suspicion of remagnetization and no
resemblance to paleopoles from rocks of
(much) younger age. Unless a fold test is
available to constrain the (early) acquisition
age of magnetization, such a resemblance is
usually a strong indication that remagnetiza-
tion has occurred. For older Precambrian re-
sults it will be difficult to meet this criterion,
given that with increasing age and increasing
apparent polar wander path length for younger
times, the chance of resembling a younger pa-
leopole also strongly increases.

Based on these criteria, an “information” (or
quality) factor, Q, can be assigned to each pa-
leopole that simply tells how many out of a
maximum of seven criteria are satisfied. Even
for the best-studied time intervals and conti-
nents, few paleomagnetic results satisfy all
seven criteria, it is, for instance, extremely rare
to find Early Permian rocks that show re-
versals. For the Paleozoic of cratonic North
America, for instance, only 2 results have a
Q=7 (Van der Voo, 1990). Thus, we empha-
size that these criteria, when satisfied, do add
to the reliability of a result, but also stress that
a result may still be reliable even if several cri-
teria are not met.

As we will see later, no late Proterozoic re-
sults from Africa pass all seven (or even six out
of seven) criteria. Others have noted similar
problems with the Proterozoic paleomagnetic
results (Idnurm and Giddings, 1988). In a re-
view of Australian Precambrian results, they
state “... (our) criteria may be regarded as
rather lenient. Despite this, application of the
scheme to the poles allows only four poles to
be regarded as key poles. In a dramatic man-
ner, this emphasizes the generally low quality
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of Australian Precambrian paleomagnetic
data”.

The late Proterozoic paleopoles for Africa

We have compiled from the literature the
available paleomagnetic results for African
rocks whose ages are reported to fall com-
pletely or partly within the time interval of
1150 to 500 Ma (Table 1). This is the interval
of primary importance in testing tectonic
models for the Pan African orogenic cycle,
which begins after the Middle Proterozoic Ki-
baran and Irumide cycles. The 64 poles with
ages ranges that overlap with this time interval
are shown in Fig. 2a. Some paleopoles previ-
ously included in compilations for this inter-
val are now known to be older. They have been
listed separately in Table 1.

When an attempt is made to construct an
apparent polar wander path (APWP) through
these poles, the first problem one encounters is
that only 15 paleopoles are sufficiently well
dated (Reliability column 1 in Table 1; Fig.
2b). Several well dated poles for the cratons
and the Pan African mobile belts fall between
460 and 630 Ma and are fairly scattered. Older
well-dated poles have age groups around 1000
Ma for the Kalahari craton and around 800 Ma
for the Congo craton (for outlines of the cra-
tons, see Fig. 2a). Thus, it is immediately clear
that a meaningful comparison between the
more reliable portions of the individual
APWP’s for the main cratonic nuclei of Africa
(heavy lines in Fig. 2b) is impossible, and that
construction of a combined APWP for all of
Africa has many degrees of freedom because of
the large age uncertainties of the remaining pa-
leopoles. The second problem is that the polar-
ity of the paleomagnetic results is generally not
known and, therefore, one faces choices be-
tween poles and antipoles in APWP construc-
tion. All results have been plotted in Fig. 2 in
one arbitrarily chosen hemisphere, centered on
ON, 340E.

The average Q factor for all 64 paleopoles of
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Table 1 is low; histograms of Q are presented
in Fig. 3 for the late Proterozoic of Africa and,
for comparison, for the Phanerozoic data of
Europe and North America (Van der Voo,
1990). It can be seen at a glance that the late
Proterozoic median Q of 2.5 is much lower
than the Phanerozoic median of 4.5. Thus, the
reliability of the late Proterozoic African pa-
leopoles is low not only because of dating in-
accuracies, but also because the results meet
few criteria such as those related to adequate
demagnetization and structural control, let
alone criteria based on positive field tests (only
2 poles satisfy criterion 4 in Table 1). Figure
2c shows the African late Proterozoic—Cam-
brian paleopoles with Q=3 or greater. Well-
determined and approximate ages (if ranging
over no more than 150 Ma) are indicated.
There is no clear pattern that emerges and one
would be hard pressed to construct a common
African APWP from this plot.

We conclude from this brief description of
the current African late Proterozoic data base,
that APWP construction for Africa as a whole
cannot be regarded as rigorous or even defen-
sible for tectonic purposes. African late Proter-
ozoic APWP’s published in the literature can
only be considered as meaningful in terms of
first attempts at bringing order to the data; they
can neither be used for analyses of relative mo-
tions between Africa and other cratons (e.g.
McWilliams, 1981), nor for tests of long-lived
continental configurations of all the continen-
tal cratons (e.g. Piper, 1987), at least for the
time after 1150 Ma.

For Africa’s three cratonic nuclei, it is pos-
sible to construct meaningful APWP segments
(see Fig. 2b) for short periods, but the three
path segments thus obtained do not overlap in
time and, hence, do not lend themselves to an
analysis of relative motions between the three
blocks.

What about the other Gondwana conti-
nents? We have already mentioned the opin-
ions of Idnurm and Giddings (1988 ) about the
Australian data; for South America, India,
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@ KALAHARI
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A WEST AFRICA

¥ PAN-AFRICAN BELTS

Fig. 2. Hemispheric plots, centered on ON, 340E, with (a) all 64 poles as compiled for the late Proterozoic-Cambrian of
Africa; the numbers correspond to those in Table 1. The West African ( W), Congo (C) and Kalahari (K) cratons are
outlined. (b) The subset of well-dated poles which satisfy criterion | in Table 1, with mean age in Ma. Heavy lines connect
those poles from the same cratonic nucleus that are less than 200 Ma apart in age, in order to indicate approximate APWP
segments for the three nuclei of Africa. Note that each of these segments is for a different time interval. (¢) The subset of
poles with Q=3 or greater. Approximate ages are labeled for poles for which the age range is less than 150 Ma (e.g.
~1085) as well as for well-dated poles meeting criterion 1 (e.g. 519).

Antarctica and Madagascar, and also for China
and Siberia the situation is even worse in terms
of numbers of available paleopoles (see, e.g.,
fig. 3 of Irving and Lapointe, 1975). If paleo-
magnetism is to make a contribution to global
Precambrian tectonic and paleogeographic

problems, the data base for Africa (or other
Gondwana continents) must be improved to
the levels of those for the Precambrian of North
America (e.g. Irving, 1979; Piper, 1987) and
the Baltic Shield/Russian Platform (Pesonen
etal., 1989).
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Fig. 3. Histograms of the quality factor, Q, as compiled in
Table 1 for the late Proterozoic—Cambrian African poles
(bottom) and, for comparison, for 252 North American
and European Phanerozoic poles (top; from Van der Voo,
1990). Note that the median Q is about 4.5 for the Pha-
nerozoic dataset and only about 2.5 for the African late
Proterozoic-Cambrian dataset.

Can a common APWP for a long-lived
Proterozoic supercontinent be constructed?

As mentioned earlier, Piper (1976, 1987)
has proposed that all continental nuclei were
semi-permanently assembled in a superconti-
nent configuration (Fig. 1), and has detailed
the paleomagnetic support for this model in a
series of figures (Piper, 1987) that illustrate the
common APWP segments with the individual
paleopoles.

It is important to note that the paleomag-
netic approach to test such a configuration is
different from that attempted in the previous
section. Once a supercontinent configuration
is selected, the paleopoles of all continental nu-
clei must fall on a common APWP for the du-
ration of the supercontinent assembly, in con-
trast to an approach which constructs several
APWPs for separate tectonic elements which
then are matched to each other. Not only must
the poles fall on the common APWP, their age
ranges must also fit the general age assign-
ments of this APWP. The latter requirement
can only be considered as rigorous if many of
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the paleopoles are well dated; unfortunately,
many of the Precambrian poles are not.

Given that many Precambrian paleopoles are
very poorly dated, we wish to note also that the
particular APWP constructed by Piper (1987)
allows almost any paleopole location to be in-
corporated. To illustrate this, Piper’s pole path
(i.e., swaths of finite width) has been digi-
tized, with polarities inverted so that all por-
tions of the APWP for the entire late Archean
and Proterozoic fall on one hemisphere. The
many loops and swings of this APWP cover
nearly the entire hemisphere. There is nothing
objectionable to this: indeed, it is entirely to be
expected if one assumes that the perambula-
tions of the Precambrian continent(s) were
probably random and may have covered the
entire globe. However, since the areas which
are not covered by the late Archean and Pro-
terozoic APWP are very small (as shown in
Fig. 4), this also means that an undated paleo-
pole will always fall somewhere on the com-
mon supercontinental APWP!

Fig. 4. Hemispheric plot of those areas (shaded) which
are not covered by Piper’s (1987) late Archean-Protero-
zoic APWP (actually a swath with finite width ), in North
American coordinates. Polarities have been inverted for
some time periods, in order to use only one hemisphere.
This swath, with many loops and swings, traverses almost
the entire hemisphere, as would be expected for Precam-
brian continental motions. However, this figure also illus-
trates that an undated (Precambrian) paleopole can al-
ways be located somewhere on the APWP.
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Fig. 5. Hemispheric plots of Piper’s (1987) apparent polar wander path in North American coordinates from about 520
to 1150 Ma (top) and 1150 to 1630 Ma (bottom ). Individual poles, identified by their numbers from Table 1, are plotted
if their rock age is in significant disagreement with the pole age, i.e., the age assignment from the apparent polar wander
path segment on which they fall. Squares (triangles) represent poles that have a pole age greater (less) than the rock age
(see footnotes to Table 1).
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If a paleopole falls on an APWP segment, but
with an age different from those assigned to
that segment, it could be argued that either the
supercontinent assembly is refuted, or that the
paleopole’s age (or location) is incorrectly de-
termined. To test this, we have estimated the
age of the APWP segment appropriate for the
poles of Table 1, according to Piper’s (1987)
APWP for the supercontinent assembly and
these age estimates are also listed in Table 1
(column 2). Of the total of 69 results (includ-
ing the five older poles), 53 were used by Piper
in his figures; several of the remaining paleo-
poles were published subsequent to Piper
(1987). Footnotes (e.g. 1, 4,7, 8, 11-20, 22,
23) are added for each of the sixteen results
where this age estimate is in disagreement with
the ages generally assigned to the paleopoles in
the original literature or with the ages given in
Piper’s database (1988). Seven of these 16 age
discrepancies are for paleopoles with age con-
straints that meet criterion 1. In addition, it was
found that a couple of paleopoles were mis-
plotted in Piper (1987), but without serious
consequences.

It is possible, of course, that some of the age
discrepancies noted in Table 1 will disappear
with further geochronological work, or that we
have overlooked some already published doc-
umentation that would allow Piper to assign
ages different from those given in the original
papers. However, we have generally not been
able to find any documentation or argumenta-
tion to that effect in Piper’s books (1987,
1988). In Figure 5 Piper’s (1987) APWP isre-
produced with those poles for which the radio-
metric (rock) ages do not match the ages as-
signed to the APWP segment on which they
fall. It should be noted that the magnetization
of a pole that falls on a younger segment may
always be inferred as secondary; in contrast, a
pole that falls on an APWP segment that is
older than the rock age is more difficult to ex-
plain. The occurrences of the latter are listed
in the footnotes; particularly pole numbers 32,
34, 38, 45, 46, 50 and 60 are noteworthy, al-
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though not all of these rocks are sufficiently
well dated. Thus, we reiterate that it is not the
issue at this time whether some or all of Piper’s
hypothesis is right or wrong, but rather that the
scientific basis for a strong defense of the late
Proterozoic unity of Africa and the Precam-
brian Supercontinent is not very substantial,
because magnetization and age precision are
lacking for more than 75% of the paleopoles,
whereas in about 20% of the cases the paleo-
pole age does not agree with the age assigned
to the APWP segment on which it falls.

It appears, then, that at least for Africa’s late
Proterozoic—Cambrian paleopoles the fit be-
tween them and the common supercontinent
APWP is only marginally successful. The best-
determined Precambrian APWP is for the
North American craton and it is clearly recog-
nizable in Piper’s path; the true test of the su-
percontinent assembly rests with the data from
the Gondwanan and Asian tectonic elements.
Since Africa has arguably the most abundant
Precambrian paleopole dataset of all Gond-
wana continents, the partial failure of its late
Proterozoic poles to match the common super-
continent APWP may be taken as a sign that
the supercontinent hypothesis cannot yet be
regarded as more than marginally supported on
paleomagnetic grounds.

Conclusions

Late Proterozoic-Cambrian paleopoles for
Africa, with ages falling fully or partially within
the interval 1150-500 Ma, have been com-
piled to assess their use in the testing of tec-
tonic models (e.g. McWilliams, 1981; Piper,
1987). We conclude that the database is nei-
ther reliable enough to construct a common
APWP for all of Africa, nor abundant enough
to construct any but short APWP segments for
the individual cratonic nuclei (Kalahari,
Congo, West Africa). The dataset comprises 64
paleopoles, only 26 of which have a quality
factor (Q) higher than 3, and only 15 of which
have sufficiently well-determined ages. While
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this does not imply that the tectonic models
discussed in this paper are wrong, it does mean
that paleomagnetic support for them is gener-
ally insufficient and that further work to ob-
tain high-quality paleomagnetic results with
accurate age determinations is urgently needed.
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Appendix

Courtesy of William Compston (Australian
National University) and Michael Mc-
Elhinny, we have permission to publish the
following Rb/Sr age determinations on a sam-
ple from a dolerite intruding the rocks of the
Van Dyke Consolidated Mine, Witwatersrand
(pole 4, Table 1, footnote 3). For location, see
McDougall (1963) who previously had dated
the same sample (GA 148) with K/Ar tech-
niques as approximately 1120 Ma. Rb/Sr re-
sults have been obtained on K-feldspar sepa-
rates also analyzed by McDougall, plus
plagioclase from the same specimen.

Rb Sr 87Rb/%Sr  87Sr/%¢Sr
(ppm)  (ppm)
GA 148 134.8 98.2 3.997 0.79826
K-feldspar
GA 148 39.8 113.9 1.010 0.73016
Plagioclase
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The coefficient of variation for 8’Rb/3¢Sr is
0.5% and for ®7Sr/3Sr is 0.02%.

The above data give a two-point isochron
with an age of 1585 Ma using the 1.42 decay
constant, with 95% confidence limits of preci-
sion of +25 Ma and a value of 0.7071 for ini-
tial 8’Sr/8%¢Sr.
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