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1. Introduction

Recently a lively discussion was hosted by
the Journal of Biogeography on the still unre-
solved problem of disjointed distribution of fos-
sils on the opposite coasts of the Pacific
(Scalera, 2001; McCarthy, 2003, 2005; Briggs,
2003, 2004, 2006; Ali, 2006). Briggs has once
again been disappointed with the expanding
Earth framework (Briggs, 2003, 2004) albeit he
in a clear headed way recognizes that some
problems concerning Indian Ocean Paleo-geog-

raphy deserve a different solution. The well
documented fact that the Pacific Ocean – like
the Atlantic Ocean – possesses a number of pa-
leontologic correspondences among terrestrial
and freshwater organisms characterised by a
low propensity to long dispersal, must be con-
sidered an unresolved problem. It is also a par-
adox or an anomaly – in the Kuhnian (Kuhn,
1962) sense – both in plate tectonics and in gen-
eral culture. 

Many times since the work of Linnaeus the
relationship between Eastern Asia and North
America has been noted (Anonymous, 1984).
Croizat (1961), the 20th century panbiogeogra-
pher, says that one should not forget geology
and other environmental factors in biogeo-
graphical research. He was compelled to divide
North America into two distinctive east and
west biogeographical regions (Heads, 2005),
which he interpreted as formerly physically
separate – the western region being accreted to
the eastern one by a single or multiple terrane
collision. Allochtonous biotas rafted by these
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Fig. 1a,b. Two reconstructions of the Pacific side of Pangea on a globe of 3500 km radius. Continental scarps
are represented. a) Australia east margin is in proximity with Western South America, and Western Laurentia is
in proximity with Western and Northern Australia-New Guinea. b) The same occurs for the Nazca Plate, which
did not exist in this epoch, but could be considered the actual track of the ancient position of Australia (see fig.
2a,b for a generalisation). The mutual position of Australia, South America, Laurentia, satisfies the necessity of
paleontological links across the Pacific. It should be noted that albeit the adopted cartography is rigorous, the
evolving increasing dimension of the continents is not taken into account in these reconstructions and they
should be considered only indicative. Especially the extension of Asia is penalized in this map, and cutting
younger Mesozoic and Cenozoic terrains could be closer to reality. 

Fig. 2a-c. Shape conformities in the Pacific Hemi-
sphere. a) The classical Pangea. b) Besides the clas-
sic similarities of shape observed between opposite
coasts in the Atlantic, some conformities are observ-
able in the Pacific periregion among continents and
basins, e.g., between Laurentia and the North-West-
ern Pacific Basin (bounded by trenches, north of
New Guinea, Asian trenches and Emperor Hawaii
volcanic chain), between Australia and Nazca basins
and between South America and the Coral-Tasman
Sea. It is truly impossible for these pairs of similari-
ties to have been created if the paths of the continents
have followed the arrows connecting in b) the Pangea
positions of the continents and their Recent posi-
tions. The basin conformities of the continents are on
the opposite side of the destination hemisphere. In c)
it is easy to appreciate that if once the Earth was –
before Pangea break-up – smaller than the modern
Earth, of approximately half the present radius, the
displacements of the continents from Pangea (which
covers all the planet) towards the modern positions
are mostly radial (with rotations). The continents
start from positions which are mere superimpositions
and juxtapositions of all the conformities.

terranes was then introduced in North America,
but an expanding Earth explanation appears
more natural in fitting the facts. A number of
subsidiary floristic trans-Pacific disjunctions
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(Heads, 2003) can be recalled besides a number
of faunal ones (Scalera, 2001).

The description of the situation by Oakley
Shields in 1993 and 1998 was highly oppor-
tune. Oakley stressed that the proximity of the
now widely separated lands is required by a
theory, the Vicariance hypothesis (or ‘interven-
ing natural barriers’) model, which is inde-
pendent of plate tectonic or other frameworks.
The conclusions of Shields – which I share –
are in favour both of a real old land connexion
between today’s fossiliferous territories lacking
continuity (Shields, 1983, 1991, 1996), and of
a well grounded trust in an expanding Earth.
The land connections are not, obviously, the
equivalent of the land bridges that were a wide-
spread concept before the advent of mobilism,
but an initial proximity of the lands then sepa-
rated by an intervening sea floor expansion –
such as the progressive opening of the Atlantic
between Africa-Eurasia and the Americas. 

The science of vicariance and cladistics has
become a powerful method in tracking both the
pathway and the evolution of the organisms on
the continents (Humphries and Parenti, 1986). A
vivid recent example is the case of the frogs in
the Mediterranean region (Fromhage et al.,
2004). In this case, too, the vicariance-cladistic
method informs us that once – a few tens of mil-
lion of years ago – Africa and Europe must have
been closer to being unified. If not, Sicily –
which is an inseparable part of the African con-
tinental platform – must have split off from
Africa, to become located together with Sar-
dinia and Corsica near the western tip of the
Alps. It then travelled like Noah’s Arc toward its
actual position (see figures in Fromhage et al.,
2004). Clearly other solutions can be imagined,
but considering other strong general evidence
(see Carey, 1983; Scalera, 1993, 2003b, 2006a,b
and figs. 1a,b and 2a-c), the more parsimonious
hypothesis is the proximity of Africa to Europe,
an opening of the Mediterranean (Scalera, 2005)
and a global Earth’s expansion. The entire con-
cept of the closing of several Tethys seas (a clo-
sure caused by subduction and collision) should
be reinterpreted, considering biogeographic
subjects in the new light (Corbet, 1967) of a dif-
ferent origin of the paleontological separation
between European and African biota. A belt of

arid regions instead of interposed seaways can
be a valid solution (fig. 3).

In addition, some Triassic fossils of primor-
dial mammals, (Ambondro Mahabo, a small ro-
dent; and teeth of Tribosfenidis, a group which
includes most current mammals) have recently
been found in Madagascar sediments (Flynn 
et al., 1999). These findings are judged surpris-
ing because they are located in the Southern
Hemisphere, the Northern one long being sup-
posed to be the region of origin of the tri-
bosphenic mammals. Many other findings
from South America North Africa and Aus-
tralia (Flynn et al., 1999) are confirming the
wider distribution of tribosphenic mammals
and the conceptually untenable idea of a large
Tethys Sea separating Laurasia and Gondwana
(Chudinov, 1980; Stöklin, 1989; Scalera, 2005).
These discoveries, besides the accumulating
fossil evidence of Cretaceous Asian and Gond-
wanan mammals in India (Prasad and Lappar-
ent de Broin, 2002; Rana and Wilson, 2003;
among many others) support a position of
Madagascar and India similar to that proposed
in my Triassic reconstruction (Scalera, 2001),
which allows a synthesis of all the constraints,
avoiding the isolation of India on a too long
northward trip and giving a sense to global
constraints like those shown in fig. 2a-c and to
others like the socalled ‘expanding ring’ of Il-
ton Perin (1994, 2003) – a geographic great-
circle that does not cross subduction zones but
only rifting regions and that constitutes a fun-
damental proof of a global expansion. All the
same, an expanding Earth reconstruction of the
Indian Ocean region can reconcile a number of
problems such as that concerning the eutherian
radiation (Archibald, 2003). Briggs’ attempt to
come out from paradoxes adopting the strategy
‘to run with the hare and hunt with the hounds’
– namely to enlarge Northern India and main-
tain it near Africa – is worthy of consideration
and is a little ahead on preceding tries like the
solution of Chatterjee (1992) but it lacks gen-
erality because the same elongation could be
alleged for all the fragments (e.g., Cimmerian)
which made rapid and nonsense trips from
Africa to Eurasia, in perfect analogy with the
alleged Indian trip – and the generality should
extend to the Pacific Ocean with its disjointed
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Cathaysian flora. Among these problems, par-
ticularly astonishing and worth mentioning is
the terrane distribution along Indochina and
Sunda Arc (see fig. 1 in Shi and Archbold,
1998), which seems constituted by a perfect
matching of relatively narrow slices with
Gondwanan (W ans SW) and Cathaysian (E
and NE) affinities – they would have had to
travel on very special and finalized paths to
form such a delicate and narrow arc. All these
problems belong to the same class, are interre-
lated and cannot be dealt with as independent
issues. The paleogeographic reconstruction of
Briggs does not seem to directly use the geo-
physical constraints of paleopoles and of mag-

netic anomalies of the Indian Ocean floor.
Rana and Wilson (2003) enumerate five possi-
ble ways to overcome the paradoxes but they
again do not explicitly consider the legitimate
expanding Earth hypothesis among the set (for
a more impartial account see Humphries and
Parenti, 1986; Huggett, 2006). 

More general and still outstanding interrelat-
ed problems can be seen in a new way on an ex-
panding planet that shows the maximum rate of
the asymmetrical expansion on the growing Pa-
cific. In my paleogeographical reconstructions
(Scalera, 2003b, 2006a), the region of maxi-
mum rate of expansion (fig. 5) migrates from
north-west Pacific in the Jurassic, crossing the

Fig. 3. The paleontologic separation of Laurasia from Gondwana is generally ascribed to the presence of a
large interposed ocean, a time succession of Tethys seas. But frequent findings of Gondwanian fossils are pres-
ent in Western Eurasia (red stars), which was the region of a wide Tethys Sea, and consequently of efficient pa-
leontological separation. A different explanation of this can be the presence on the entire geologic time window
of arid regions whose maximum expression is today called Sahara (Corbet, 1967). The oscillating presence of
this desert has had the same function of paleobiogeographic separator, possessing on its longitudinal extension
the same area (green zones and light blue double arrows) of easier communication and mixing between south-
ern and northern floras on East Asia. The double arrows indicate the possible avenues of paleontological com-
munications on East Asia along non-arid regions, and along Arabian and Anatolia regions following narrow wa-
terways like the modern Red Sea that could have opened and closed in these regions through geologic time, as
is witnessed by the Middle East ofiolitic belt (Stöklin, 1989, 1990). A complement to this hypothesis is a nar-
rower Tethys in a still opening state – an opening slower but analogous to that of all the other oceans – that can
more easily explain both the presence of Cadomian (Late Proterozoic to Early Cambrian) Gondwanian frag-
ments in Eurasia and of Hercynian (Middle to Late Paleozoic) Eurasian fragments in North Africa. 
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paleoequator at 50 Ma ago, toward the current
Nazca triple point, and producing the (hitherto
unexplained in the plate tectonic geodynamic
framework) reversal in direction of the True Po-
lar Wander (TPW) path (Besse and Courtillot,
1991, 2002). A noteworthy unified explanation
can be found for both the TPW (through geolog-
ical time) and Polar motion (detected in the last
150 years) secular path, which instead have dif-
ferent (!) causes in the current paradigm
(Scalera, 2006a). This migrating maximum ex-
pansion region, along whose path the uneven
and volcanic crust of the Darwin rise was em-
placed up to the Cretaceous, was almost certain-
ly the site of a violent coastal ecological envi-
ronment (frequent eruptions, earthquakes, tsu-
namis, uplifting or subsiding terranes, winds,
orogenic processes etc.) of a relatively still nar-
row ocean that could have worked as an evolu-
tionary force and forming in the flowering
plants. The role of the Pacific as cradle of the
angiosperm evolution was already proposed by
Smith (1970) and some characteristics of the

group show an optimal adaptation to the condi-
tion of the volcanic terranes and to their gaseous
sulphuric emissions (Heads, 2003). Many others
presented opinions on the necessity of extreme
stressed environments in the history of an-
giosperm evolution (see exemples in the papers
of Takhtajan and of Stebbins in the book edited
by Beck; see Stebbins, 1976; Takhtajan, 1976)
but their origin is still judged a great mystery
(Crane et al., 1995; Frohlich and Chase, 2007).
Earlier favouring causes of angiosperm origin
can be envisaged in the influence of the same
environment in its first stages in the evolution of
insects and their wings. 

Moreover, the same regional environmental
pressure could have affected animals in their
differentiation and in their evolving towards
marsupials. The evolutive history (Cifelli and
Davis, 2003, and quoted references) and early
origin (Luo et al., 2003) of the Metatheria can
be put in accord with the progressive southern
migration of the more disturbed region of the
enlarging Pacific. The evolutive advantage for a

Fig. 4a-c. a) The latitudinal trend of temperature through geological time (modified by Crowley and Zachos,
2000). The distortion with respect to the modern curve is more and more marked going further back into older
periods. The next two cartoons can help to understand a possible explanation in the expanding Earth framework.
On a half radius Earth b), the polar circle encloses an area only a fourth of the modern area in c). As consequence
the polar circle or a glaciation with ice reaching intermediate latitudes, 45°, occupy a lesser continental area (1/4)
on a half radius Earth. If people erroneously assume the radius of the Earth to be constant, the climate of the old
epochs can be judged abnormally mild, presenting fossils of non-glacial flora and fauna enclosed in a modern
size polar circle. The existence of warm and equable climate in the Meso-Cenozoic is an ongoing problem of
paleoclimatology.

a b c
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Fig. 5. In expanding-Earth Paleogeography, the evolution of the Mediterranean Sea has a more favourable projec-
tion into the future. This region, that plate tectonics claims is destined to complete closing, will continue to remain
open and growing in the expanding-Earth view. The expansion rate of the Mediterranean is conceivably less than the
opening rate of the other oceans because the Central Eurasian region is antipodal to the Pacific triple point, where
the maximum expansion rate occurs. This region of maximum asymmetrical expansion (see the violet zones in this
figure) migrates in the course of geologic time from the Northern Hemisphere to the Southern one leaving behind a
track of sea-floor volcanoes and the Darwin Rise. This southward migration of the region of maximum expansion
rate can explain the path of the True Polar Wander (TPW) and of the actual secular Polar Motion. The slowing down,
stopping and reversing direction of the TPW path around 50 Ma – the so called stasis (Besse and Courtillot, 2002)
– can be easily explained through the laws of changing inertial moment of classical mechanics by the approach of
the region of maximum spreading to the equator, to its crossing at 50 Ma (the stasis period) and prosecution toward
its actual position. The expansion of the Earth as represented here is only one version of a number of possibilities.
On the contrary, the possibility of a complete phase transition of the liquid core materials towards the solid mantle
mineralogical phases implies only, starting from the recent times, a further more moderate 20% of expansion. Wait-
ing that the cause of the expansion is being sought, variable radius cartography can render wonderful mapping of the
past and future for each of these possibilities, helping paleontologists to test a wider set of different paleogeograph-
ic reconstructions with greater freedom, whether on constant or variable size globes.
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pouch in which the mother can ever have the
joey under her control could have had its origin
in the frequent occurrence of violent geological
events and fires with consequent necessity of
rapid flights. Alternative interpretations and de-
tails can be provided, but this should be suffi-
cient to show the new lines of thinking, from
their starting point, opened by an asymmetrical-
ly expanding globe, which is more spherical
then the one defended by Briggs.

However, what is still lacking in the discus-
sion is clearly the dismissal of changing-radius
cartography as a background for the discussion.
While the use of precise cartographic methods
is preferable but not required to the old-guard
palaeontologists, it should be adopted by peo-
ple – like Jason Ali and Dennis McCarthy –
who are willing to take part in a debate where
maps are highly important, considering that
some steps forward have been made since 1933
by Hilgenberg (1933) with careful transfer of
the continental outlines among different size
globes (Scalera and Braun, 2003), by Owen
(1976, 1983a,b) with classical non-comput-
erised methods and using specific software by
Scalera (1988, 1990, 1993). The effect of the
decreasing radius and increasing curvature on
the transfer of Pangea to a half radius Earth, is
that the Pacific coasts of the continents can
strongly change their azimuth direction. The
Western North American margin rotates until
assuming a near equatorial position and direc-
tion. This is at odds, cartographically, with the
Oakley Shields paleogeographic model – a
model similar to those of Mantovani (1909)
(Scalera, 2003a) and Hughes (1975), which was
still adopted by Carey in 1994 (Carey, 1994) –
but not at odds with his legitimate claim of the
proximity of Laurentia to Asia and Australia
(Shields, 1983, 1991, 1996), based on copious
data. The Ali arguments are useless exercises
using a wrong method against the same wrong
cartographic method adopted by a young re-
searcher, and does not confute the paleontolog-
ical argument of transpacific links, nor of a
planetary expansion. To be more exact, Ali can-
not reject the McCarthy half-radius Pacific re-
construction because his counterarguments
should be developed on a half radius planet (see
the Pacific side of Pangea on a 3500 km radius

globe in fig. 2a-c; Scalera, 1988). McCarthy ig-
nores the Pangea configuration on the Pacific
side of a half-radius globe because he does not
handle the appropriate cartography. 

To show only some examples of the advan-
tages that variant-radius mapping can offer, be-
sides the new perspectives in research it can in-
troduce, see fig. 4a-c and fig. 5. These are elab-
orations and interpretations of paleoclimatolog-
ical data and of the global paleo- and future ge-

Fig. 6a,b. Transferring of both a plate and its sam-
pled poles on a globe of greater radius. a) Four ob-
servers on the four corner of the plate must individu-
ate the same magnetic pole using rock samples that
formed in the observers age. b) If the globe increase
its radius, four new observers, using samples of the
rocks used by the older observers does not individu-
ate a unique paleopole. The dispersion of the pale-
opoles is the result of the need for two different laws
of transformation: the plate must conserve its area
(but other choices are possible. E.g., conserve dis-
tances), while the poles must conserve their distance
in degrees (with respect to Earth’s center) from the
sampling site. The figure has been drawn using car-
tographic software that takes into account the local
deformation in the proximity of the sampling site.
The first steps and considerations about the new
properties of the paleopole distributions on an ex-
panding globe were published by Egyed (1956a,b),
Ward (1963), Hospers and Van Andel (1967), Van
Andel (1968).

a

b
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ography. New solutions – e.g., the link between
paleotemperatures and increasing radius and
consequently new emerging problems such as
the decoupling among the Pacific conformities
of fig. 2a-c – should be considered welcome in
science. Additionally paleomagnetism could
benefit from the the properties of dispersing the
paleopoles on the sphere if the poles are plotted
using a globe’ radius different from that in exis-
tence at the epoch of the sample’s primary mag-
netization (fig. 6a,b).

Cartography is the éminence grise of the
Earth Sciences, and its rapid progress in the Re-
naissance went hand in hand with our evolving
ideas on global tectonics. The first accurate
maps of the continents provided the first clues
that the continents moved relative to each other.
The father of modern cartography, the geogra-
pher Abraham Ortelius (1527-1598), wrote a
short statement on the fit of the Americas to
Africa and Europe (Romm, 1994), and in 1620,
in the Novum Organon, Francis Bacon (1561-
1626) speculated about several kinds of analo-
gies in the forms of the continents. The seeds of
future mobilism were sown (Rupke, 1970;
Goodacre, 1991; Romm, 1994; Scalera, 1999).
Today, in the epoch of interactive digital facili-
ties, we lack a popular cartographic tool allow-
ing people to realize their cartographic and pa-
leogeographic ideas with a legitimate addition-
al degree of freedom: globe size variations. So
be it, and let people judge the soundness of the
results for themselves.

Planet Earth is the only planet on which
orogenesis, mountain building and fold belts
(which are not synonyms; see Ollier, 2003) and
oceans occur, a fact that gives rise to consider-
ation of the unique nature of our planet in the
Solar system with such a large liquid core and
such a large mantle and lithosphere. Could it be
that a fluid core slowly changing phase (Egyed,
1960; Pickford, 2003) is linked to an expanding
Earth, and that this expansion is the cause of a
number of phenomena up to now explained so
differently? Can cosmological causes (wimps,
exotic particles, dark matter) produce a general
celestial bodies expansion? Could deep earth-
quakes, volcanic arc, mid oceanic ridges, fold
belts, trenches, secular polar motion, polhody,
paleo-biogeography, and many other facts

(Scalera, 2007a,b, 2008) find a proper arrange-
ment in this still open idea (still – luckily – not
organized in a paradigm)? Can a planet in ex-
pansion favour the reconciliation of many sci-
ences, in particular biology and geology? The
answer to these questions is of fundamental im-
portance for the advancement of science – not
only Earth sciences.

Voltaire was ironic on the possibility that
fossils on mountains could be the remains of
meals of wayfarers. Is anyone today willing to
propose that animals suddenly decided to swim
across a large ocean? Or that frogs of the Alps
– animals not liking salt water – passed running
through France, Spain, Gibraltar, North Africa,
to reach Sicily (or through the Apennines) with-
out leaving progenies of fossils along their
path? If so, we should ask these people why?
And the debate could move on philosophically.

The modern situation is similar to the histor-
ical period of the discussions on the flat Earth
against the spherical Earth. I hope to have shown
in this short note that a new special spherical
Earth, richer in still unappreciated properties, is
waiting for the scientific community. These new
properties, besides much new factual evidence –
as advocated by Briggs – should be disseminat-
ed in schools and universities.
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