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placement of the pieces has been hampered by inadequate 
paleomagnetic data and incomplete lithologic and biogeo­
graphic analyses. Data from both paleontological and 
paleomagnetic studies now seem to resolve the bulk of this 
problem. First, Burrett and Stait (1986) have recognized close 
similarities between the Cambrian and Ordovician faunas of 
Burma and the northwest margin of Australia, and argue that 
Burma should be positioned adjacent to the Canning Basin of 
Australia. They also note that the South China (Yangtzee) 
Platform also has similarities with Tibet; and, more recently, 
Apollonov et al. (1988; and pers. comm. 1988) notes a similar 
correspondence between Kazakhstan and South China. Several 
paleomagnetic attempts have also been made during the past 
ten years to resolve this question by constructing separate 
APW paths for each of these blocks (e.g., Lin and Fuller 1985; 
McElhinny et al. 1981), but large gaps in the mid-Paleozoic 
APW path still leave the hemisphere for the fragments uncon­
strained. However, this problem has been solved recently by 
comparing the magnetic polarity pattern across a small time 
interval around the Cambrian-Ordovician boundary on four 
continents (Ripperdan and Kirschvink 1989a, b; Ripperdan et 
al. in review). Results from North America reveal a distinctive 
normal polarity magnetochron during the Cordyolotus proavis 
conodont zone. A similar pattern with respect to the conodont 
zones is also present in North China, Kazakhstan, and South 
China, and hence the comparison uniquely removes the polar­
ity ambiguity for the APW paths. The Cambrian-Ordovician 
paleolatitude and biogeographic constraints for these three 
blocks position them with the relative orientations shown on 
the reconstructions and in Table 12.1, and produce a remark­
able convergence of the Early Cambrian pole positions between 
North China (Lin et al. 1985), South China (WU et al. 1989), and 
Australia (Kirschvink 1978b). 

A group of other minor continental fragments with Pan­
African affinities also needs to be repositioned along the 
northwestern margin of Africa. These include terranes of the 
Appalachian margin of North America including Florida, the 
Piedmont, Nova Scotia, and the Avalon zone of Newfoundland 
(Opdyke et al. 1987; Venkatakrishnan and Culver 1988; 
O'Brien et al. 1983). We place the American Plate (including 
southern Great Britain, south-central Europe, and Iberia) 
adjacent to the northern African margin following the analyses 
of Perroud et al. (1984), Van der Voo (1988), and Scotese (1984). 

12.1.4 Configuration and Breakup of Late Proterozoic 
Super(?) Continents 

12.1AA The Vendian World 
Figure 12.6 shows our best guess at the early Vendian 

configuration of the Late Proterozoic continents, based partial­
lyon the paleomagnetic and lithologic constraints outlined 
above. To summarize, this reconstruction differs in several 
major respects from previously published reconstructions for 
the Late Proterozoic (e.g., Morel and Irving 1978; Piper 1986; 
Donovan 1987; and Bond et al. 1984). First, East and West 
Gondwana were probably separate entities until sometime in 
the Early or Middle Cambrian, based largely on the decreasing 
discrepancy in their relative orientations inferred from their 

basal Vendian glacial and basal Cambrian pole positions. This 
interpretation is also supported by the long APW path of Africa 
during this interval, as well as by the formation of extensive 
areas of new continental crust in Africa, particularly along the 
eastern margin (Bertrand and Caby 1978; Kroner 1980; Dixon 
and Golombek 1988; Venkatakrishnar and Culver 1988). 
Second, the Australasian fragments of Gondwana are reas­
sembled on the western margin of Australia, greatly reducing 
the number of separately wandering fragments in the puzzle. 
Third, we fit Siberia adjacent to Australia and the basement of 
the Campbell Plateau, oriented according to the Tommotian 
pole from the Lena River. We assume that it, like Australia, had 
no motion during Vendian time, and use this fit principally to 
maintain its proximity to eastern Australia and Antarctica in 
the Early Cambrian (Palmer and Gatehouse 1972). Fourth, we 
fit the Baltic Platform to the Appalachian margin of North 

• America following the analysis of Gower and Owen (1984) 
discussed above. The breakup between the Baltic Platform and 
Laurentia probably occurred near the end of the Vendian or in 
the Early Cambrian, based on an upper age constraint of 
554 Ma for the rift-related Tibbit Hill Volcanics in Quebec and 
Vermont (Kumarapeli et al. 1989). Finally, the position of 
North America (Laurentia) is more problematic. For lack of 
better constraints, we fit the Cordilleran margin of North 
America adjacent to the northeast margin of Siberia, as was 
suggested by Sears and Price (1978) and used extensively in the 
reconstructions of Piper (1983, 1986). This is reasonably con­
sistent with the lithologic and paleomagnetic constraints, 
although the timing of the rifting on the Cordilleran margin is 
not well constrained. In the tectonic model, however, it is 
necessary for Laurentia to move in a southerly direction during 
the late Vendian to accomodate the Caborca (and perhaps the 
Sept-lies) paleomagnetic results. It is possible that this motion 
was initiated by a Late Proterozoic rifting event along the 
Cordilleran margin and some other craton (e.g., Armin and 
Mayer 1983; Bond et al. 1984), and from our previous analysis, 
Siberia, almost by default, happens to be in the correct 
orientation for this missing rift partner. 

12.1AB Cambrian Events 
It appears that two major plate motions began approx­

imately at the Precambrian-Cambrian boundary and con­
tinued until Middle Cambrian time. Paleomagnetic and litho­
logic evidence suggest that Laurentia reversed its southerly 
motion and returned to the equator by late Early Cambrian 
time (based on the Tapeats Sandstone pole of Elston and 
Bressler 1977), whereas Baltica does not reenter the carbonate 
belt until Early Ordovician time; this implies a Laurentia-Baltic 
rifting event involving the Appalachian margin. The con­
sequent formation of the Iapetus Ocean may thus have been 
responsible for initiating the Cambrian sea-level transgression. 
Second, sometime in the Early Cambrian, Australia rotated 
nearly 45°CCW around an Euler pole located near Tasmania. 
We interpret this as happening more or less contemporaneously 
with the suturing event between the fragments of East and West 
Gondwana, resulting in the movement of northwest Africa into 
higher southerly latitudes and out of the carbonate belt 
(signaled by the transition from the Calcaire Superieur to the 
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Serie Schisto-Calcaire in the Anti-Atlas mountains of 
Morocco). Courjault-Rade (1987, 1988) also infers similar 
motion during Cambrian time for southern Europe, which was 
probably part of the northwest African promontory. The 
abrupt cessation of subduction may also be responsible for the 
extensive shallow epicontinental platforms along the eastern 
margin of Africa, such as the Faulkland Plateau. 

During the Middle Cambrian and first half of the Late 
Cambrian, the CCW rotation of Australia was temporarily 
reduced (Klootwijk 1980). This time probably marks the onset 
of an east-dipping subduction zone and an island-arc along the 
Australasian margin of Gondwana (including Kazakhstan and 
perhaps North China). Presumably, the Siberian, Laurentian, 
and Baltic Plates would have been located due west of this 
convergent margin, and subduction may have helped all three 
plates to move eastward. Although this model implies left­
lateral oblique subduction between Baltica and Laurentia in 
the early Paleozoic, there is no good constraint on the amount 
of separation between them, other than that the faunal pro­
vinces are distinct. It is not clear whether they could be as close 
as suggested by Mason (1988), however, because the deep-water 
trilobites of Siberia are similar to the shallow Baltic forms, yet 
both are distinct from those of North America (Jell 1974; 
Shergold 1988). Unfortunately, the APW paths for all three of 
these continents are constrained too poorly to resolve even the 
latitudinal issue at this time (e.g., Van der Voo 1988). 
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The interval from the mid-Late Cambrian to the Cambrian­
Ordovician boundary contains another 45°CCW rotation of 
Gondwana in what may be a rather short period of time. 
Interestingly, the APW path for Laurentia is also consistent 
with roughly 45° of rotation during essentially the same time 
period, but in a CW sense rather than CCW (Watts et a!. 
1980a, b). Because the Gondwanan and Laurentian faunal 
provinces are quite distinct, the geography is such in this 
reconstruction that the two Euler poles for these rotations are 
nearly anti polar, and there is virtually no relative motion 
between these continents. Hence, true polar wander, which is a 
displacement between the earth's mantle and core resulting 
from the realignment of the principal moment of inertia.1 axes of 
the earth, is a possible explanation for the synchrony and 
apparent rapidity of this shift. Thermal warming and ab­
sorption of a subducting slab stranded by the suture of East and 
West Gondwana, along with initiation of new subduction zones 
along the eastern margin of Australia and Antarctica, could 
provide such a switch in the earth's moment of inertia tensor. 
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