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Introduction 
 
A detailed model of re-assembled Gondwana has been constructed based on continental geology and 
largely new ocean floor topographic data released in 1997 (Reeves and de Wit, 2000; Reeves et al., 2002 
and 2004). The fragments of continental crust that constituted Gondwana are today separated by post-
breakup ocean that covers almost half the earth’s surface. By carefully retracing the processes of ocean-
floor creation, the sequence of events that constitute Gondwana dispersal has been worked out in 
considerable geometrical detail using paleogeographic map-making software called Atlas (www.the-
conference.com/CPSL/atlas). An animation of the dispersal that was released at the 2005 Africa meeting of 
the GSH/PESGB has been widely distributed. Careful re-examination of this model, along with additional 
information collected in the interim period, has enabled fine-tuning of the continental movements so that 
smooth, uninterrupted motions are maintained. The model has been re-checked against local geological 
detail in the dispersal process and has been time-calibrated using magnetic anomalies of the ocean floor 
wherever possible. Further adjustments and refinements can only be made within the constraints of the 
global context and geometrical correctness. This has led to a result that is more defensible than any model 
based only on sketch maps or cartoons or on reassembly of only small parts of Gondwana in isolation.  
 

A Geometrcial model of re-assembled 
Gondwana 

The model starts with the assumption that 
Gondwana was made up of a finite number of 
Precambrian fragments (about fifty) that can 
be identified in present-day geology (Figure 
1). It has been assumed that these fragments 
have retained their size and shape since the 
end of the widespread (Pan-African) orogenic 
episodes that concluded in early Cambrian 
times and resulted in a rigid assembly of 
Gondwana that lasted for almost 400 million 
years. In other words, all Phanerozoic 
shearing, transtension and lateral extension 
within Gondwana is assumed to have been 
confined to the narrow zones of Precambrian 
crust that originally separated these 
fragments and are now almost entirely 
concealed from surface expression by 
younger deposits that filled the rifts and 
passive margins into which it was extended. 
 
A key issue for the starting position of the 
model is the width of these zones of ‘lost’ 
Precambrian crust. Extensive experimentation 
with possible fits of the fragments indicates 
that elegant solutions – sides parallel, geologicially compatible, reconcilable with ocean floor data, etc 
(Reeves et al. 2002) – can only be found when the zones are quite narrow, typically 50 to 100 km on the 
east coast of Africa and perhaps twice that for the Atlantic margins. Comparison with the presently observed 
distance offshore of the continent-ocean boundary suggests that crustal extension of the material in these 
zones involved a stretching factor of 2 to 3, exact results varying from place to place. 



Africa - Antarctica movement 

A full solution of the Gondwana dispersal 
process is heavily dependent on a complete and 
reliable model for the relative movements of 
Africa and Antarctica. Once this is achieved, the 
dispersal of, respectively, East Gondwana and 
West Gondwana can be examined in isolation. 
Unfortunately, the corridor of ocean created 
between Africa and Antarctica (AAC) is narrow 
(<1000 km) and poorly endowed with 
observations of magnetic anomalies. The latter 
are in any case absent during the Cretaceous 
Normal Superchron (KNS, 120-83 Ma) during 
which time several important plate tectonic 
events must have occurred. Transforms are, 
however, clearly defined and show distinct 
curvature on the Africa side that is absent on the 
Antarctica side. Since the direction of the 
earliest Antarctica transforms is an impossible 
travel direction for the first movement of East 
Gondwana (that would involve overlap of India 
and Madagascar on Africa), it is necessary to 
invoke one or two ridge jumps in the early 
evolution of this strip of ocean. The most elegant 
solution has the Mozambique Rise growing and 
moving as part of the Antarctica plate until about 
121 Ma when the ridge jumps to the SE of it, 

leaving the feature and the curved transforms as part of the African plate where they remain today. 
 

Regime One, 167 to 145 Ma 

The main features of Gondwana dispersal can be described in four phases of movement, originally 
introduced in Reeves and de Wit (2000), extended in Reeves (2003) and subsequently revised where 
greater economy of hypothesis could be achieved. Apart from minor disruption by the Karoo rifting of central 
Gondwana (300-200 Ma approx), the first real movement is of dextral strike-slip between East and West 
Gondwana along the lines of the Davie Fracture Zone and the Lebombo-Explora FZ which define the E and 
W limits of the Africa-Antarctica Corridor (AAC) respectively (Figure 2 ). While it has always been assumed 

that East Gondwana remained rigid in this time 
interval, it is not possible to reconcile the ocean 
floor record between Madagascar and Africa 
with that of the AAC if this is truly the case. 
Since relative movement between Greater 
India, Australia and Antarctica must be delayed 
until the outbreak of the Kerguelen hotspot and 
the establishment of the oldest identified stripes 
in the ocean off Perth, Australia (~136 Ma), 
earlier dextral transtension between India and 
Madagascar is invoked in the present model. 
This offers an elegant solution to many other 
problems, including a steady ‘wobble-free’ 
movement for India. The end of this first period 
of movement is placed near the Jurassic-
Cretaceous boundary. 

As East Gondwana increased its southerly 
latitude, its westerly motion became faster than 
that of West Gondwana, possibly as a result of 
Coriolis forces. This is evident in the curvature 
of transforms created in the AAC in the early 
part of this time interval. The onset was 
probably gradual but is ascribed arbitrarily in the 
model simplification to 145 Ma. Principal sub-
events within this regime are the demise of the 



ridge between Madagascar and Somalia (120 Ma) and the ridge jump to outboard of the Mozambique Rise 
(121 Ma). Madagascar’s new situation, fixed to Africa, presupposes an acceleration in the relative southward 
movement of India against Madagascar after 120 Ma until its southernmost position, indicated by the long 
transforms of later spreading, is reached at the end of this time interval (Figure 3 ). The new ocean between 
India and Antarctica propagated westwards from the Kerguelen hotspot after about 136 Ma, finally 
separating first Sri Lanka from India, then Sri Lanka from Antarctica by about 110 Ma.  

West of Africa, the westward motion of Antarctica, assisted by the outbreak of the Tristan hotspot (~130 Ma), 
initiated the wedging-apart of South America and Africa and the consequent proto-South Atlantic started 
propagating north. By about 120 Ma, the South Atlantic was established as far north as the present Niger 
Delta. The establishment of the equatorial Atlantic from about this time turns the growth of the South Atlantic 
into growth between conjugate margins that remain essentially parallel, in place of the earlier scissor-like 
wedging apart of the two continents. The establishment of the internal rift system of Africa through 
Cameroon, Chad and Sudan that accommodated the reshaping of Africa’s outline ~140-120 Ma was 
essentially complete and largely redundant once the Equatorial Atlantic started opening. Australia and 
Antarctica remained essentially one continent through Regime 2, but all the other familiar southern 
continents had achieved their separate identity by the end of this period. Unfortunately for time constraints 
on the model, the second half of the regime falls within the KNS, as does the first 10 million years of the next 
regime. 

 

Regime Three, 93 to 43 Ma 

The outbreak of the Marion hotspot at about 93 
Ma separated India from the African plate, long 
since by now including Madagascar. The 50 
million year period of this regime is typified by 
the rapid northeasterly movement of India that 
was triggered by this event. The movement of 
India was punctuated at about 65 Ma by a 
ridge re-organisation that left a fossil ocean 
basin between Madagascar and the 
Mascarene fragments and left the extended 
crust and sedimentary pile that had 
accumulated in the transtensional rift between 
India and Madagascar since about 165 Ma 
distributed three ways: very little on the narrow 
east coast shelf of Madagascar but mostly in 
the Mascarene submarine plateaus (and the 
Seychelles) and the west coast of India.  
 
The established growth of the South Atlantic 
Ocean continued through this whole time 
interval and is well-calibrated by magnetic 
anomalies after about 83 Ma. Relative 
movements of South America and Antarctica 
are complex where the Antarctica-Africa-South 
America plate circuit of the model closes, but 
synthetic transforms created from the model agree well with those observed in the Weddell Sea. A new 
ocean ridge was established close to the east coast of India at about 93 Ma and produced new ocean crust 
at a high rate while relative motion of Australia and Antarctica remained very modest until the end of this 
period. The situation at 43 Ma when this regime ended is illustrated in Figure 4 . 
 

Regime Four, 43 Ma to present day 

The established mid-ocean ridge between India and Australia rapidly ceased to be of importance at about 43 
Ma and a new ridge separating India-Australia from Africa-Antarctica took on much of the rapid northward 
movement of India as well as the suddenly vigorous separation of Australia from Antarctica. It may not be 
coincidental that both the Kerguelen and Reunion hotspots – even long past their prime – lie on this new 
ridge axis at the time of its creation (Figure 5 ). Relative movement between Antarctica and Africa was 
relatively modest in this period, but less so than in the previous regime. The South Atlantic continued to 
grow steadily as one of the world’s largest panels of ocean with conjugate passive margins. Within Africa, 
the main tectonic punctuation of this long period is the initiation of the Gulf of Aden and then the Red Sea, 



followed by the southward propagation of the 
East African Rift system from the hotspot and 
triple junction at Afar. 
 

Discussion 

While any model can only be a simplification of 
what actually happened in the geological past, 
there are now many constraints when a holistic 
view of Gondwana is taken. Where geological 
evidence is equivocal or lacking, economy of 
hypothesis has always been the guiding 
principle. Careful examination of models in 
animation can lead to elimination of unlikely 
‘jerky’ movements of large fragments. 
Conservation of momentum requires that such 
jerks are unlikely in nature; it was evidently 
easier to build the Himalayas than to stop India, 
for example. It is also evident that a 
considerable threshold has to be crossed before 
a new subduction zone can be initiated. The 
absence of evidence for any such zone during 
Gondwana fragmentation confines the 
movement of adjacent fragments to ocean crust 
creation at mid-ocean ridges and strike-slip at 
transform margins. Paving new ocean as it is created by a model and ensuring that, once created, the new 
ocean is never destroyed is a further powerful constraint, as is the comparison of the model ocean with 
actual data – principally topographic and magnetic anomaly data – from the real oceans. 
 
While further improvements to the model are inevitable as long as curiosity persists, it is the intention to 
publish the rotation parameters for model CR09madC in a formal scientific publication as soon as possible. 
An animation of the model has been posted for downloading on the website www.reeves.nl and a full two-
day course introducing the geodynamics of Africa within the context of the entire model building exercise is 
available on request. 
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