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Abstract: Here we want to highlight the effects that the choice of cartographic 

projection has on the final results of paleogeographic reconstructions on a smaller 

Earth’s radius of the current one, which are carried out following the concept of the 

expanding Earth. It is proposed the search for a transformation that mimics more closely 

the geological extension of the continents, providing a first simple example. 

 

 

INTRODUCTION 
 

In Fig. 1 i), iii), iv), v), as global geographical grid we used an orthophanic 

projection (=pleasant to the watching) developed by modifying with polynomials the 

Lambert Azimuthal Equiarea outside the great meridian circle 90°, in order to preserve 

the possibility to view entirely both areas up to 30° radius around the two Earth's poles, 

so displaying the paleopoles comfortably (Scalera, 2013). 

Fictitious profiles have been drawn in Fig. 1  i) to be transferred from one globe to 

another globe of different radius. In addition to a circle with a radius of 60° and a 

spherical rectangle of sides 110°x140°, both centered on the point (0°N, 0°E) – which is 

also used as a projection center in transfers from globe to globe – the profile of the 

continental platforms of Africa and South America – juxtaposed along the fracture that 

will give rise to the Atlantic Ocean – has been adopted as the third more realistic 

example. Two African paleopoles chosen from among those of the Triassic were also 

added: the first with a sampling site near to the projection center chosen for the 

supercontinent (the gray star at (6.0°N, 6.5°E)) and the second at the peripheral margin 

of southern Africa. The positions of the sampling sites of the two paleopoles were 

traced, the site-pole jutting, the paleopole and its confidence ellipse. 

 

 

METHOD  

 

The method of transferring continental profiles is exemplified in Fig.1,ii). The 

continent a (in brown) lying on sphere A has its projection center (blue star) tangent to 

the α plane. The outline of the continent can be projected on the tangent plane with an 

azimuthal equidistant projection or an azimuthal equiarea. The outline of the continent 

a' projected on the plane α is represented in blue.  

The α plane is then transformed into the new β plane differently oriented and with 

the center of projection of the continental map tangent to the sphere at a new point. The 

profile b' can now be subjected to an inverse projection from β to a tangent sphere B 

with radius RB<RA. 

Then b is obtained, namely the position of the continent's profile on the lesser radius 

sphere, and its geographic coordinates can be represented in a new geographic grid, as 

in iii), iv) and v), respectively with radius of 5000Km, 4000Km and 3500Km. 

 



 2 

 

CARTOGRAPHIC PROJECTIONS AND THEIR EFFECTS 
 

Using as a direct and inverse projection an azimuthal equiarea or azimuthal 

equidistant does not lead to identical results. In iii), iv) and v) in red are shown the 

results of the transfer by azimuthal equiarea projection, while in blue are shown the 

profiles transformed with the azimuthal equidistant. As can be seen, and as can be 

expected, the differences grow as the destination radius decreases. In iv) the profile of 

the spherical rectangle of geographic coordinates transferred with the equiarea (in red) 

has its four vertices that almost reach the point antipodal to the center (0°N, 0°E) of the 

grid (antipodal point represented by the ellipsoidal frame in this projection), while if 

transferred with equidistant projection (blue profile) its areal extension is much smaller. 

The same two effects are observed on the other two profiles. 

The irregular outline of the supercontinent appears to be transferred with greater 

differences in its most peripheral parts and far from its projection center (gray star in i)). 

South Africa and the southern beak of the continental shelf of South America are the 

parts most affected by differences.  

With regard to the two African paleopoles, it is observed that for the one whose 

sampling site is close to the projection center, no appreciable effect of deviation 

between the two profiles produced by the two methods is observed: the overlap of site, 

lug, pole and ellipse of confidence is near to the perfection. On the contrary, for the pole 

derived from the site in South Africa, an increasing effect associated with decreasing of 

the destination radius is observed. The effect is the sum of two components: the first due 

to the different distance of the sampling site with respect to the tangent point (projection 

center (6.0°, 6.5°) produced by the two projections; the second component is due to the 

different deformation, or different stretching, that each projection produces in the area 

immediately around the sampling site, and which manifests itself in a slight different 

orientation of the site-pole lug.  

 

 

THE PROJECTION THAT DOES NOT EXIST 

 

So we need to ask ourselves which projection best approximates the behaviour of the 

plates in their transfer to progressively larger radii. 

From what we understand from previous works (Scalera, 2018), even the continents 

extend throughout their geological history that takes place on an expanding globe. The 

extension process could not only move the shield areas away from each other, but also 

make its effects felt on the shields themselves. We can therefore immediately exclude 

the azimuthal equiarea projection because it keeps constant a quantity that should 

instead increase as the Earth's radius grows. 

On the contrary, the equidistant azimuthal projection can take into account the 

increase in area of a plate which adapts non-elastically to the decrease in curvature, in 

the same way as a hemispheric orange peel which is crushed on the table forms 

irregularly distributed radial cuts. But the equidistant azimuthal regularly distributes this 

stretching across the plate in an unrealistic manner: no radial fractures are created. 

However, the distances from the center of projection are not involved, they remain 

unchanged, and this is even more unrealistic. We have seen in fact that the continents 

show strong indications of extension also from the inside towards their coastal regions 

(see the work on Triassic: Scalera, 2018, in particular Africa). The growth in area as the 

radius increases, produced by the equidistant projection, (Fig. 2a) is insufficient to 

approximate at least roughly the two concomitant growths. 
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We should therefore look for another azimuthal projection that more likely emulates 

the behaviour of the plates. The other azimuthals are the perspective projections 

schematized in Fig. 2b: the orthographic (perspective point at infinity), the scenographic 

(pp on the terrestrial axis outside the antipode of the tangent point), the stereographic 

(pp at the antipode of the tangent) and the gnomonic (or centrographics, pp in the 

center). For example, the gnomonic (Fig. 2c) provides a significant increase in area in 

the transition to a larger globe. Even more could be increased the transferred area if you 

define a new type of scenographic projection with perspective point not outside the 

Earth's surface but inside, with distance from the point of tangency less than the Earth's 

radius. Once we were able to choose the optimal perspective point, we would still be in 

the presence of an unrealistic growing deformation moving away from the point of 

tangency. It follows that the azimuthal projections do not reflect geological behaviour. 

 

 

A GEOLOGICAL TRANSFORMATION? 

 

Then we look for a transformation that does not pass through a direct and inverse 

projection on and from a tangent plane. The transformation must have the form: 

 

   
      

                      

 

A plausible attempt to roughly simulate the geological evolution could be to 

distribute the deformation uniformly over the entire arc that goes from the center of 

projection, now become point of tangency between two spheres (see Fig. 2d), to the 

geographical point to represent , that is, along the meridian arc. We note that equidistant 

azimuthal projection is actually a pseudoprojection free from projection planes. With it 

we can pass from sphere to sphere conserving the length of the meridian arc and with 

uniformly distributed zero deformation. It therefore is part of the class of 

transformations sought: 

 

       
    

       
                                 with             . 

 

The form of p must therefore contain that of a percentage that varies with the 

variation of the rays    and      of the two spheres (or rather of their difference) 

and therefore implicitly also of the geological time interval      . 

Placing: 

  

                        
     

       
  ,                     with              , 

 

(where    is a continental constant or the percentage of the meridian arc extension to be 

determined as a global average, or better as the average continent per continent; RA is a 

constant equal to the current terrestrial radius;      is the variable radius of the 

paleogeographic reconstruction; RMin is a minimum reference radius at which the 

percentage of extension up to the Recent is fixed by us: in this example, equal to 3500 

Km) you get an example – among the many possible – of the transformations you are 

looking for that we could call equidistributed (Fig. 2d). We must not forget the 

complexity in space and time of the extension process for continent rifting (Merdith et 

al., 2019), with enormous differences between the various continents (e.g., between 

Africa and India). 
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Nevertheless, the internal mantle processes that generate and drive the evolution of 

the rifts (Coltice & Shephard, 2018; Ulvrova et al., 2018; among others) are very 

complex, and make it difficult to determine the extent of this deformation along the 

meridian starting from the pole of tangency, not forgetting the existence of a certain 

degree of arbitrariness in the choice of the point of tangency. 

 

 

AN EXAMPLE  

 

Recalling the difficulties encountered in reconstructing the Earth's appearance for the 

Triassic (Scalera, 2018) as regards the extension of the continents, which needed to be 

reduced in the deep geological time – especially in the case of Eurasia and Africa – it 

was grossly fixed the value of        . By modifying the mapping software (Scalera, 

1995) accordingly, the outline of the Africa-South America supercontinent was obtained 

on the globe of 3500 Km radius, and it was compared to the transformation for which 

the constant        – i.e. the equidistant projection (Fig. 2e, in blue the equidistant 

projection, in green the equidistributed transformation). . 

The continental contours (in green) are now closer by 20% to the point of tangency 

(6.0°N, 6.5°E) thus being able to eliminate most of the overlaps with Europe and 

Antarctica detected in a previous work (Scalera, 2018). The paleopole with a sampling 

site close to the point of tangency is now almost insensibly deviated from the one traced 

with equidistant projection, while the one with a peripheral sampling site in South 

Africa differs in a typical way. 

 

 

CONCLUSION 

 

In the current phase of "roughing" of the expanding concept of Earth, this search for 

a projection, or better transformation, which reflects geological evolution may seem 

superfluous and premature, and indeed it is. But starting to produce considerations on 

these topics in the context of the Terrestrial expansion scheme could provide incentives 

to accelerate future progress. The already mentioned complexity and irregularity of the 

process of extension of the continental lithospheric plates could bring the methodologies 

used for the paleogeographic reconstructions toward unexplored complexities or to 

completely new roads that take into account the irregular distribution in space and 

geological time of the rifts. The considerations made here, hopefully can also make us 

appreciate the intrinsic beauty and potential fruitfulness of variable radius cartography 

(Scalera, 2013). 
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