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Abstract. Though the Pacific plate is less than 200 million years old, the
Circum-Pacific ocean basin (Panthallassic ocean basin) has probably been in
existence since Precambrian times. During the Early Paleozoic the Tasman.
trans Antarctic, arid southern Andean margins of the Panthallassic ocean
basin appear to have been the site of active subduction. This convergent
system may have continued north into Southeast Asia, northern China, and
southern Siberia. Continental reconstructions for the Late cambrian, Late
Ordovician, Late Silurian, and Late Devonian times are presented from a
"Panthallassic™ point-of -view. Paleomagnetic, biogeographic, and
paleoclimatic evidence supporting three different Late Devonian
reconstructions is reviewed.

Introduction

Panthallassa, the 'universal sea', was the name given by the ancient
Greeks to describe the vast oceanic expanse surrrounding the known world.
In Wegner's scheme, Panthallassa became the primordial ocean, just as
Pangea was the primordial continent. Our present understanding of
Paleozoic plate motions, however, requires us to abandon the concept of
Pangea as the primordial continent for we now know that Pangea did not
exist during the Paleozoic. Pangea formed as a result of continental collisions
that began in the Middle Paleozoic, continued through the Late Paleozoic, but-
were not completed until the Early jurassic.

Panthatlassa, whose:modern descendant is the Pacific Ocean, certainly
existed before Pangea, and may justifiably be called 'primordial’. As far
back aswe can see into the Paleozoic, the Circum-Pacific region appears to

have been a large ocean basin bordered by a rim of continents. We do not




have a clear picture, however, of the exact geometry of this ocean basin or
the plates that composed it, for less attention has been given to Panthallassa,
than has been given to Pangea.

This is due, in part, to the fact that there is no extensive oceanic crust of
Paleozoic age, and it has been difficult to rigorously estimate both the width
of oceans and the nature of oceanic plate boundaries during ihe Paleozoic.
Indeed, the {ife histories of Paleozoic oceans have often been summarized by
the simple epitagh, -- It was born. during rifting, and was consumed through
continental collision... This ignorance arises both from the lack of direct
evidence and from the fact that the tools that are required to resolve the
pattern of Paleozoic plate evolution have not yet been sufficiently developed.

Ideally, these tools would include: 1) a complete paleomagnetic record
for the major continental cratons. 2) a geologic data base comprising the age
and distribution of subduction-related and rift-related volcanics and
tectonism. 3) a comprehensive biogeographic data base, 4) a global
summary of climatically sensitive lithofacies, and finally, 5)_ a
understanding of the forces that drive the plates that would allow us to
predict plate motions given the changing geometry of plate boundaries.

At present. though the Early Paleozoic paleomagnetic record for North
America, Siberia, and Gondwana is relatively complete (Scotese et al., 1979),
there are still large gaps in the apparent polar wander paths of Baltica.
China, and Southeast Asia. Biogeographic data, though useful, are often
inComplete and anecdotal. The geologic and paleoclimatic databases have not
been compiled, and though we have an increasingly accurate picture of the
history of plate motions. we still do not understand the complex interplay of

forces that drive .the plates.
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evolution is not completely unconstrained. This paper summaries what we

c(avfﬁ

Paleryoic date
do.know. and highlights the existing areas of uncertainty and controversy.
-However. rather than present this information from the usual perspective of
a."Pangea centered" world, the figures and discussion will be given from a

"Panthallassic” point-of-view.
Defining the Hltent of the Circum-Pacific Panthallassa

From a plate tectonic perspective, most oceans are defined by the
lithospheric plates that carry them. In the case of Panthallassa, however,
the oceanic plates comprising this ocean basin have been completely
subducted, so an alternate tact must be taken. We choose to define the
Panthallassic ocean basin by the continents that formed its perimeter.
These continents, in most cases, are the same as those that border the
modern Pacific Ocean. ProCeeding clockwise, they include North America.
the Gondwanan continents of South America, Antarctica, and Australia;
probably Southeast Asia and the two Chinese cratons. and completing the
circuit, Siberia, which lay adjacent to North America.

As illustrated in Figures 1- 6, during the Early Paleozoic the
Panthallassic Ocean was relatively constant in siZe. Spanning 200 degrees of
longitude, it was over 20,000 km wide and covered nearly twice the area of
the modern Pacific Ocean. Though Panthallassa remained relatively constant
in siZe. its orientation with respect to the geographic pole changed gradually
during the Paleozoic. During the Early Paleozoic, the Panthallassic Ocean
<:overed the entire northern hemisphere. Through the Middle Paleozoic this
hemispherical cap rotated southward, eventually occupying a meridionial

orientation similar to the orientation O the modern Pacific Ocean.




cambrian and Ordovician Configuration of Panthallassa(Filzures | and 2)

Figures 1and 2 illustrate the relative positions Or the rontinents during
the Late cambrian and Late Ordovician, respectively. The reconstructions
have been rotated so that the Panthallassic Ocean occupies the center OF the
map projection.

The position of Gondwana during the cambrian and Ordovician is fairly
well constrained by paleomagnetic and paleoclimatic data. Both lines of
evidence indicate that the South Pole was in the vicinity OF North Africa
during the Late Cambrian, and moved steadily southward during the
Ordovician (Scotese, 1984).

The best paleomagnetic data for this interval is from northwest Africa,
South America, and Australia (Hallwood. 1974; Thompson and Clark, 1982).
Paleomagnetic determinations place the South pole at approximately 40 N,
13 E. during the Late cambrian and at 30 N, 5 E during the Late Ordovician.
(Pole positions in African coordinates). These results from Gondwana-proper,
are confirmed by recent paleomagnetic results from western France
(Armorica) that indicate this areas were located at near polar latitudes
during the Late Ordovician. (450 ma; Perroud and Vander VVoo. 1985).

During the Cambrian and Ordovician, carbonates and evaporites occur
throughout a broad belt that stretched from northern India, across Australia
and Antarctica, and into southernmost South America (Ronovetal., 1984).
In Australia, an east to west progression of evaporite basins can be seen as
the continent appears to bave rotated across the equator from the dry north
subtropics to the dry south subtropics. Probably the most signincant

paleoclimatic iodicat however, are the Late Ordovican tillites that occur




throughout the northern half of Gondwana. from the Sahara (Biju-Duval et
at.. 1981) north to southcentral Europe (Dore. 1981:Hamaumi, 1981,
- Robardet. 198‘1), and eastwards to Arabia (McClure. 1978).

Extensive carbonate pi-atforms covering much of North America, Siberia.
and the South China platform confirm paleomagnetic evidence that indicates
that these continents occupied equatorial latitudes during the Cambrian and
Ordovician (Vander Voo, 1986;Lin et at. 1984). North China and Southeast.
Asia have been placed adjacent to northeastern Australia, though the exact
position of these areas is not well constrained. Ordovican paleomagnetic data
from the North China platform places it at latitudes of 10-30 degrees.
However. because the polarity of this magnetic signature is not known. it is
not clear whether North China lay north or south of the equator. The
northern position of the North China craton that we have chosen. is
consistent with our interpretation that the Chilian-Shan mobile belt may be a
continuation of the Trans-Antarctic -Tasman subduction zone. Similarly,
following the reconstruction of Audley-Charles (1983), we prefer to keep
parts of Southeast Asia adjacent to northern Australia during the Early
Paleozoic, despite the fact that paleolatitudes OI 45 degrees have been
determined from Ordovician limestones OI the Malay peninsula (Haile,
| 980).

Silurian and Devonian Configuration of Panthallassa (Figures 3- 6)

Figures 3 through 6 illustrate the changing configuration of the
Panthallassic ocean basin during the Late Silurian and Late Devonian.

Because ofthe uncertainty in the orientation OI' Gondwana, three alternate




Late Devonian reconstructions are presented (Figures 4,5, 6). In all of these
reconstructions. the extent Of Panthallassa is approximately the same;

The uncertainty inthe position of Gondwana is due to the fact that
Siluro-Devonian paleOmagnetic poles for Gondwana are widely scattered
(Scotese et at., 1985) and that the better established paleomagnetic -
directions make paleolatitudinal predictions that do not agree with available
biogeographic and paleoclimatic evidence (Heckel and Witzke, 1979; Barrett,
1985). The South Pole, whichwas in the vicinity of North Mrica during the
Late Ordovician, had moved to a position adjacent to the southeastern coast
of Africa by the end of the Carboniferous . Though the end points of this
apparent polar wander path path are well established, controversy continues
to rage regarding the timing and trajectory of this transition.

Three independent lines of evidence may be used to constrain the
orientation of Gondwana during the Middle Paleozoic: 1) paleomagnetism, 2)
biogeographic affinities, and 3) the distribution of climatically sensitive
lithofacies. Unfortunately, for the Middle Paleozoic, these criteria are not in
agreement. In each of the reconstructions shown in figures 4 through 6, one
of these lines of evidence has been given precedence.

The position of Gondwana shown in Figure 4 is the orientation that has
the best paleomagnetic support (Hurley et aL.. 1985). A paleomagnetic pole
from an undated Morroccan intrusive. truncated by Famenian red beds
(Hailwood, 1974) when combined with a recent results from Late Devonian
rocks of the Canning Basin (Hurley et al., 1985) and preliminary results from
the Table Mountain Group, South Mrica (Bachtadse and Vander Voo, 1984),
indicates that during the Late Devonian the South Pole was located in

equatorial Mrica (3S, I15B: Mrican coordinates).




This paleomagnetic pole places the northern margin of Gondwana at
|latitudes of 45 - 60 degrees south during the Late Devonian. This
paleolatitudinal prediction is significant because by the Harty Devonian,
carbonates had reappearred along the northern margins of Gondwana, and
by the Middle Devonian reefs were also present. When compared with the
Mesozoic and Cenozoic distribution of carbonates and reefs, we find that
carbonates rarely occur at such high latitudes. Only 7r.of Mesozoic and
Cenozoic carbonate localities occur above latiutudes of 4'5 degrees; less than
| r. occurr above latitudes of '55 degrees (Ziegler et at.. 1984).

Even more problematic is the occurrence OI biostromes and carbonate
buildups at these high latitudes. Due to the decrease in lation and the
Increasing degree of seasonality, Mesozoicand (D:_?nozoicreef building
organisms do not range beyond 3'5 degrees .1):61D the equator (Ziegler et at..
1984; johannes et al., 1983). Evidence of isolated carbonate buildups and
coral wackestones along the northern margin of Gondwana during the early
Middle Devonian (Wendt, 1985;Oliver, 1980), and the extensive occurence
or reefs. stromatoporoids, and receptaculids (Heckel and WitZke, 1979)
during Late Devonian. argues against a high latitudinal position for this
margin.

Another important aspect of the orientation of Gondwana shown in Figure
4 is that it requires awide seaway separating Gondwana from North
America and Europe. Strong Harty Devonian biogeographic affinities between
Gondwana and North America (Eastern Americas Realm) and between
Europe and Gondwana (Old World Realm) argue against a wide oceanic
barrier (Boucot etal.» 1969; Barrett, 198'5).

The orientation of Gondwana shown in Figure '5 best fits the distribution
of limatically sensitive lithofacies data (Scotese and Barrett, 198'5; caputo, i




and Crowell, 1985). In this reconstruction the South Pole does not lie along
the trans"Mrican apparent polar wander path. but rather. is located In
-central Argentina (22 S, IOE, Mrican coordinates). This configuration brings
the wide carbonate platform that bordered the northern and northeastern
.margin of Gondwana Into tropical latitudes. Probable Devonian tillites
described from Brazil (Rocha campos, 198la,b) are positioned at latitudes of
60 degrees south.

The biogeographic data within Gondwana also matches this orientation.
The low diversity, cold-water Malvinokaffric Realm occurs at high temperate
and circum-polar latitudes on this reconstruction, and the high diversity Old
World and Americas Realm faunas are located at low latitudes. A problem
arises. however, because this orientation of Gondwana. as in the case of the
orientation shown in Figure 4, does not permit a match between equivalent
faunal realms in Gondwana and Laurussia (North America and Europe). This
problem may be resolved if North America and Europe are positioned
slightly further south. At the moment the Late Devonian position of North
America. The paleomagnetic results from the Late Devonian red beds of the
catskill mountains (Kent and Opdyke, 1978; Van der Voo et al., 1979), which
previously have been used to orient North America (Scotese etal., 1979;
1984, 1985) are now thought to represent a Late Paleozoic remagnetization
(Vander Voo, 1986). The position of North America shown on the Late
Devonian reconstructions (Figure 4 and 5) is an Interpolation between
control points In the Early Devonian and Early carboniferous, and therefore,
may be inerror.

The paleomagnetic support for the orientation of Gondwana shown in
Figure 5 isequivocal. There are sever'al paleomagnetic poles that plot in the

vicinity of south-central Argentina, however they have been regarded by




most authors as unreliable due to the fact that they are based on results
-from tectonically unstable areas (Tasman Orogen). A recent result from
Middle Devonian volcanics of the Tasman orogenic belt (Comerong volcanics,
New South Wales; Schmidt et al., t986), however. confirms these earlier
determinations. and places the South Pole in the vicinity of east-central
Argentina (3'1S, 2 E. African coOrdinates). The agreement between, these
paleomagnetic poles, and an estimation of the position of the geographic pole
calculated; from the distribution of paleoclimatic ata (Scotese and Barrett.
198S). suggests that the earlier paleomagnetic results from the Tasman
orogenic belt may be more accurate than previously thought.

Th position of Gondwana shown in the final figure is based on
questionable paleomagnetic pole from Moroccan red beds (Kent et al., 1984)
and a reasonably reliable pole from eastern Australia (Mulga Downs;
Embleton, 1977). The Moroccan pole, as in the case of the Catskill red beds, is
now thought to be a secondary remagnetization. This reassembly produces a
"premature™ Pangea-like configuration that best explains the disjunct
distribution or biogeographic data. but is only fair agreement with the

paleoclimatic indicators.

Summary and Conclusions

In this review, | have attempted to present a framework from which we
can begin to consider the evolution of the Circum-Pacific region from a plate
tectonic perspective. By mapping the positions of the continents that
bordered Panthaliassa, we can get a rough idea of the changing shape and
size of this ocean basin during the Early and Middle Paleozoic. I.tis clear, .

hOwever, that the size and shape of the Pantballassic ocean basin ultimately.




must have been controlled by the changing geometry of the plate boundaries
within it. andalona its perimeter. In order to understand the Harty and

- Middle Paleozoic plate tectonic development oC Panthallassa, several
important questions remain to be answered: 1) W.llem were the Harty
PaleOzoic margins of Panthallassa? 2) When did these margins form?, and 3)
Whal is the evidence for subduction along these margins? At present we can
only begin to answer these questions.

The most unusual aspect of the Panthallassic/Pacific ocean basin is-its size
and stability through Phanerozoic history. For approximately the past billion
years there has been an ocean basin, roughly twice the size of the modern
Pacific, bounded by a ring of subduction zones. The apparent stability of this
configuration may be telling us something important about the dynamics of
the plate tectonic process. To maintain an ocean basin of this extent,there
must have been delicate balance between the forces of subduction and the
forces of sea floor spreading. How was this equilibrium maintained? What
special plate geometries were required? At present we can only speculate,
however, by carefully building an accurate model of plate evolution during
the past 600 million years we may be able to recognize the broader patterns
of plate evolution and arrive at a new understanding of the processes that

drive the plate tectonic system.
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Figure captions

Figure 1. Late cambrian reconstruction centered on the Panthallassic Ocean.
‘Thick black line is position of subduction zone from evidence of subduction
related volcanics and plutonism (solid triangles) and probable island arc-
volcanics (open triangles) of HarJy and Middle Paleozoic age. Areas outside of
subduction zone boundary represent terranes accretted after the HarJy
Paleozoic. Present-day geographic areas are labelled.

Figure 2. Late Ordovician reconstruction centered on the Panthallassic Ocean..
For explanation of features refer to Figure 1.

Figure 3. Late Silurian reconstruction centered on the Panthallassic Ocean.
For explanation of features refer to Figure 1.

Figure 4. Late Devonian reconstruction centered on the Panthallassic Ocean.
Gondwana is oriented on the basis of as recently determined Late Devonian
pole (Hurley etat., 1985). For explanation of features refer to Figure 1.

Figure 5. Late Devonian reconstruction centered on the Panthallassic Ocean.
Gondwana is oriented on the basis of paleoclimatic indicators (Scotese and
Barrett, 1985). For explanation of features refer to Figure 1.

Figure 6. Late Devonian reconstru tion centered on the Panthallassic Ocean.
The orientation of Gondwana is consistent with biogeographic data that
indicates the ocean between Gondwana and North America was nearly
closed. For explanation of features refer to Figure L
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