Research Update No. 10, April 2019

The Bouvet triple junction at the core of Gondwana disruption
A global tectonic model for review

The building of plate tectonic models generally proceeds systematically backwards in time from the
certainty of the present day and current data to credible situations for times in the uncertain past, avoiding
unlikely scenarios (from either common sense or mapped geology) and situations that are in conflict with
reliable data. While such a process may seem to be fraught with disappointment and frustration, optimism
may be based both on the simplicity of plate tectonic rules and the ongoing, steady progress of continental
movements when there are no other data to define them over certain intervals of time. The most
optimistic thought is that, once a model is produced that approximates to the truth, the number of
contradictory observations from other sources will reduce markedly and all sorts of (maybe unforeseen)
things will ‘fall into place’. We then have a useful global model that sets the scene for the history of
tectonism, magmatism and sedimentation for a large region over many millions of years.
If we make the perhaps bold assumption that such a model is now in place for the development of the
oceans around southern Africa, we can use the model to describe the main geological events in the region
in forward time and invite new observations (or observations of which I am ignorant) that may
substantiate or refute the story given. This is also a convenient way of presenting such a model and spares
the reader digressions into the many lines of reasoning invoked in the building of the model in the first
place. Much of this detailed argumentation has already been set out elsewhere in any case (see, for
example, earlier Research Updates). The following pages attempt present the consequences of Model
CR19ABDH (the most recent at time of writing) for the area of Gondwana disruption common to Africa,
Antarctica and South America, i.e. the area south Africa, around the Bouvet triple junction.
A series of paleo-geographic maps from the start of the Mesozoic to Late Cretaceous times is accompanied
by a concise description of the main tectonic events that occurred in the interval from one map to the
next. The reader is spared references, argumentation and other digressions from the story as far as
possible; it is simply a series of maps with a narrative. It has taken many years to get this far as there were
so many unknowns and countervailing ideas that a satisfactorily holistic success in the context of a truly
global plate model has been elusive until now. I have confidence that what is presented here is not too far
from the truth but I would, of course, appreciate feedback, either with corroborative evidence or to discuss
points that are at variance with reliable data.
In earth science there is never enough data nor sufficiently complete coverage of data. This should not
stand in the way of progress. It is my experience that the greatest enemy to progress is often
‘conventional wisdom’ that has been acquired – or has even been taught – in the past without critical
reassessment of old ideas as knowledge moves forward. It is to be hoped that this document is a useful
contribution in this spirit of progress.
Colin Reeves
Delft, 2019 April 16. (First edition)
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250 Ma - begin Triassic
The story so far…
Gondwana became stable as a ‘supercontinent’
early in the Cambrian with the completion of
Panafrican (and other) orogenies. Pangea
formed with the addition of North America and
Eurasia later in the Paleozoic. Gondwana lay
close to the south geographic pole in the
Carboniferous (350-300 Ma approx.). The
deposition of sediments that have been
preserved started in southern Africa with glacial
tillites forming the base of the ‘Karoo’ sequence
(Carboniferous-Permian). From a regional
perspective, the Karoo sediments are found in
rifted grabens across eastern Africa that extend
further into India and Antarctica. They are
shown in brown in the map above. The main
Karoo Basin, which occupies much of South
Africa, is, by contrast, a foreland basin to the
Paleozoic Cape Fold Belt which is mapped in
southernmost Africa. This belt forms a part of a
much larger Gondwanide Belt stretching almost
15 000 km from the northern end of the
present Andes in South America to Queensland
in Australia. A second foreland-style Karoo
basin lies hidden below the Kalahari sand,
mostly in Botswana and Namibia.
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The main tectonic feature of the Karoo is a
sinistral strike-slip fault system (the STASS)
stretching across Africa from Namibia in the SW
(all directions in present-day Africa coordinates)
to Somalia in the NE. This fault system appears
to help define the NW margin to the Kalahari
Karoo basin, SE of the Okavango Delta. Isolated
graben of (only) later Karoo red-beds are known
from NW Botswana. The typical Karoo
sequence is of tillites, swamp sediments with
extensive coal deposits topped with red-beds
dating from Permo-Carboniferous to Triassic
times. A similar sequence is found locally near
younger grabens in Argentina, suggesting that
the STASS extended across the future line of the
South Atlantic into South America (see figure).
The STASS could be a truly global feature
crossing the width of the Tethys Ocean and
related to the collision of Europe with Asia and
the formation of the Urals.
Coming up…
The outbreak of the Central Atlantic Magmatic
Province at 200 Ma would signal the imminent
departure of North America and Eurasia from
Gondwana and the end of Pangea.
Last updated: 2019 April 16
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182.7 Ma Jurassic; start Toarcian
What has happened since 250 Ma?
Widespread but short-lived volcanicity over
southern Africa dates at 182 Ma ± 1, attributed here
to the outbreak of the Bouvet plume head, situated
just east of southern Africa. Ferrar volcanics in
Antarctica have similar ages. Up to 1000 m of basalt
is recorded in Botswana - as far as 900 km from the
classic Mwenezi (Zimbabwe) igneous centre - where
they lie directly on Precambrian rocks. We place the
start of rifting between East and West Gondwana at
182.7 Ma (start of the Toarcian).
The earliest extension between East and West
Gondwana EGO & WGO) was directed NW-SE in
eastern Africa. Basalts and rhyolites of this age
comprise the 800 km long Lebombo Mountains that
run N-S and mark the eastern margin of the Archean
Kaapvaal craton in South Africa itself. An extensive
development of seaward-dipping reflectors, the
Explora Wedge (4 km thick, 70 km wide) off the
coast of Dronning Maud Land (DML), Antarctica,
may have been conjugate with the Lebombo and its
projected extension southwards. (A second, later
phase to Explora activity is postulated).
A Precambrian fragment – Limpopia – filled the gap
between DML and the Kaapvaal and Zimbabwe
cratons and a similar but smaller feature, the Beira
High, lay off the present-day Zambezi estuary. It can
be expected that Limpopia also acquired
considerable igneous coverage at this time (not
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shown in the early maps). The fragment stayed
attached to Antarctica for the next 46 myr.
The Euler pole for rotation between EGO and WGO
predicts extension normal to the STASS that could
be linked to the creation (or reactivation) of
extensive NE-SW trending Jurassic grabens in
Patagonia and further north in South America.
The Euler interval pole for first the EGO-WGO
movement we locate some 1600 km west of the
present-day Rio de la Plata. Euler small circles
(dashed white lines on the map) indicate pure
strike-slip on the northern section of the Lebombo
feature, oblique extension off northern
Mozambique and Tanzania and approximately
normal extension elsewhere off the East Africa
margin.
The ‘foot’ of South America (which we call Hoorn)
lies against the western margin of DML, their margin
also falling on the same Euler latitude lines and not
therefore hindering Antarctica’s southward
progress. Nevertheless, Hoorn could already begin
moving westwards along the Agulhas FZ with an
initial triple junction Africa-Antarctica- Hoorn off
Cape St Lucia. Moving south with the rest of
Antarctica, the Antarctic Peninsula would create the
space necessary for westward movement of Hoorn
without having a path different from that of the rest
of Antarctica..
Last updated: 2019 April 16
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170 Ma Jurassic – Bajocian
What has happened since 182.7 Ma?
Dykes from the 1200 km-long Okavango dyke
swarm were (mostly) emplaced at 178 Ma,
indicating a tendency for a ‘quadrant’ of southern
Africa to rotate clockwise about a point in Angola.
Small circles to this pole (shown in blue) follow the
arc of the Agulhas FZ (strike-slip) and the Okavango
dykes are radial (extensional) in this construction.
Actual rotation was minimal. [? Dykes in the
Falkland Islands? ?Dykes in DML? Elsewhere?]
Ferrar Basalts along the Transantarctic Mountains
date from 178 to 176 Ma. Other dykes parallel to
the Lebombo and the central Mozambique coast
may date from the same time, suggesting an
incipient triple junction near Mwenezi, SE
Zimbabwe.
Continued graben development by regional N-S
extension across Patagonia is noted in the presentday offshore particularly. These graben are shown
in later maps.
The original direction of relative movement
between EGO and WGO (white dotted Euler latitude
lines) continues. Antarctica has by now created
space (i.e. an incipient ocean) between DML and
Hoorn and the Maurice Ewing Bank (MEB).
Extension in this ocean is initially normal to the
conjugate margins and hence almost at right angles
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to the direction of travel of Antarctica against
Africa, depending on the western velocity of Hoorn
at this time.
The Beira High was left behind on Africa with a small
seaward ridge-jump at about this time while
Limpopia continues to follow Antarctica
southwards.
Last updated 2019 April 16

8

157.5 Ma; Jurassic, end Oxfordian
What has happened since 170 Ma ?
The first major change in the EGO-WGO spreading
direction occurs at about this time. As of now,
strike-slip movement between the two is parallel to
the central section of the Lebombo feature and a
single strike-slip alignment is possible between
Madagascar and Africa. The new direction of
relative travel is long-lived. Euler small circles are
indicated by arcs of red circles in the ocean in the
map. The timing of the transition is well-defined by
new marine magnetic anomaly data off
Mozambique.
By 157 Ma, the fragment Hoorn (the ‘foot’ of South
America) is advanced in its movements along the
Agulhas FZ as the Jurassic ocean between it and
DML continues to open up. The Bouvet plume head
is now more than 300 km SW of Cape St Lucia,
centrally placed in the still-narrow gap between
Africa and Antarctica. It lies below the first triple
junction in the three-plate system Antarctica-AfricaHoorn. There may already be increased separation
between MEB and the rest of Hoorn since they lie
on opposite sides of the plume-head. There is still
no movement between Africa and South America
itself.
A mid-ocean ridge between Africa and Antarctica is
now almost continuous E of southern Africa, rift
extension being directed N-S north of Limpopia.
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Extension between Antarctica and Hoorn is
approximately E-W. The complex transition zone is
probably located below the present-day
Mozambique plains.
Last updated 2019 April 16
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147 Ma; Jurassic, end Tithonian
What has happened in the last 10 myr?
Marine magnetic anomaly M22 is identified on the
Africa plate off Mozambique, off DML (Antarctica)
and off both Madagascar and Somalia. This
confirms that the original configuration of East
Gondwana was still tight and intact at 150.5 Ma.
From 157.5 Ma until about 137 Ma the relative
movements of Antarctica and Africa are well
constrained by new observations in the AfricaAntarctica Corridor (AAC) E of the Mozambique Rise
and conform to the same interval pole as in the two
previous maps (red circles).
The northernmost parts of the present-day
Mozambique Rise have been emplaced as the start
of a hotspot trail related to Bouvet plume-head
activity along the line of pre-existing fault(s)
(probably transforms until now), 450-470 km E of
the Lebombo.
Further S, plume activity is adding igneous material
between the E extremity of the Malvinas Plateau
(the eastern parts of Hoorn) and the MEB. They
continue to separate. The MEB now lies SE of the
present-day Drakensberg mountains in South Africa.
Limpopia is still a part of the Antarctica plate but it
is ‘joined’ to Africa (either above or below sea level)
by extended continental crust supplemented by
Bouvet igneous material that now makes up the
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Mozambique Plains. It has moved about 1250 km
from its original location next to Mwenezi and the
Kaapvaal and Zimbabwe cratons and is now close to
the MEB. Structural features of the intervening area
from aeromagnetic data are shown as grey lines in
the map. Note that both the structures in the
Mozambique Plains and off the eastern margin of
Hoorn are now parallel to the relative travel
direction of Antarctica against Africa.
Anomaly-T, the outer edge of the future
Mozambique Rise and the developing Davie
Fracture Zone (DFZ) are both transforms with large
(1000+ km) offsets defined by the same Euler pole
for Antarctica and Africa that has already been
operating for 10 myr.
Spreading in the ocean between Antarctica and
Hoorn has stopped and been replaced by strike slip
along the future alignment of Anomaly-T. Friction
along this alignment off the ‘sole’ of Hoorn leads to
dextral strike-slip not only here but on parallel
structures within Hoorn itself. These start to move
the Falkland Islands from a position near the coast
of South Africa to their present position with
respect to South America (a distance of 670 km) as
of about now.

Last updated 2019 April 16
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137 Ma; Cretaceous, Valanginian
What has happened in the last 10 myr?
The Morokweng meteorite impact, that heralded
the beginning of the Cretaceous period, occurred at
145 Ma in central southern Africa (above the ‘Africa’
label in the map). Any long-term effect on platetectonic regimes is doubtful.
More-or-less simultaneously, at about 137 Ma, two
new mantle plumes strike, one in East Gondwana
(Kerguelen), the other in West (Tristan). The
Kerguelen plume impacted at the triple point
between Australia, Antarctica and (Greater) India,
off the SW corner of Australia. As a result, India and
Madagascar (as one new fragment) started leaving
Australia and Antarctica. Madagascar and India are
now strike-slipping along the Davie FZ to make this
separation possible. Until this time EGO has
remained essentially intact, with India, Sri Lanka and
Madagascar sharing the same movement as
Antarctica against Africa, closely defined by the
magnetic anomalies in the AAC between
Mozambique and DML.
There is a small but detectable effect of these
changes on events in the AAC. As revealed by the
FZ traces and the latest magnetic anomaly
observations, Antarctica steps sideways from its
long-established path by about 85 km to the E in the
interval from now until 131 Ma – the ‘Valanginian
Sidestep’.

At about this time the MOR west of the
Mozambique Rise jumps 900 km to immediately S of
the Rise’s southern terminus, finally separating
Limpopia from Antarctica. A new triple junction
(inverted red triangle) is formed above the Bouvet
plume head with one arm extending NW between
MEB and Hoorn.
The southernmost 500 km of the South Atlantic
Ocean has opened precociously by rotation of all
blocks S of Rio de la Plata by extension across the
two Jurassic rift zones N and S of Buenos Aires (pale
purple in the map). Movement on the postulated
strike-slip fault separating Hoorn and South America
is no longer necessary to the geometry of the
situation.
Strike-slip on Anomaly-T is replaced by its new role
as the second mid-ocean ridge to the triple junction,
this one between Antarctica and South America. All
of South America (except for the MEB) is now intact
as one fragment so we can show South American
geology.
The third arm of the r-r-r triple junction separates
Antarctica from Limpopia.
Dextral strike-slip on a major fault separating Hoorn
from the rest of South America has stopped after
generating an offset of 610 km with the rest of the
South America plate. Growth of the ocean between
DML and Hoorn now restarts along the old
transform alignment of Anomaly-T.
Last updated 2019 April 16
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131 Ma; Cretaceous, Hauterivian

Mozambique Rise, the whole now a part of the
Africa plate.

What has happened since 137 Ma?
A period of rapid change in plate tectonic behaviour
has now ended with the completion of the
Valanginian ‘sidestep’ and the start of opening of
the South Atlantic. The path of India+Madagascar
against east Africa became different from that of
Antarctica, concave to the E and confined to the
present-day shape of the Davie FZ, which helps
define the Euler pole for this rotation.
Meanwhile, in the South Atlantic Ocean, the Tristan
plume has struck between Angola and Brazil, and
hence started the ‘wedging apart’ of the south
Atlantic ocean from S to N. Both in the
southernmost South Atlantic (immediately N of the
Falklands-Agulhas FZ) and off the west coast of
Australia, the oldest mapped magnetic anomalies
date from about 136 Ma.
The Bouvet plume head, meanwhile, is now located
about 350 km S of the Agulhas FZ and the
Outeniqua basin of Cretaceous sediments is
approaching it from the W. The triple point
between South America (Hoorn, to be precise),
Antarctica and Africa is located above the plume
head at the N extremity of Anomaly-T. Limpopia
has left Antarctica and, with its load of igneous
material, forms the large southern element of the
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East of the MEB, the record of South America
leaving Africa is laid down in the magnetic
anomalies of the Natal valley. Further S, Anomaly-T
has become the locus of the new mid-ocean ridge
between Antarctica and South America, consequent
upon South America now having a movement
different from that of Africa with the opening of the
South Atlantic.
South America, Africa, Madagascar, India and Sri
Lanka all have essentially the same outlines as
today. Only Antarctica and Australia remain
attached to each other with a configuration little
changed from that in united Gondwana times. In
the AAC, the sequence of recorded marine magnetic
anomalies continues until KQZ onset at 126.1 Ma.
The trail of the Bouvet plume-head that made up
the Mozambique Rise is by now already more than
1300 km long.
The Maurice Ewing Bank (MEB) is still travelling by
dextral strike-slip along the Agulhas fault zone while
the movement direction (dotted blue lines) of the
rest of South America necessitates dextral strike-slip
between MEB and Hoorn.
Last updated 2019 April 16.
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120 Ma; Cretaceous, mid-Aptian
What has happened since 131 Ma?
At about 120 Ma, the motion of South America
against Africa changes from that of rotation about a
pole close to the Niger Delta (‘wedging apart’ dotted blue small circles in previous figure) to a
more distant pole (dotted green small circles in the
figure above). The new pole defines movement
more-or-less normal to the conjugate coasts and the
now-complete mid-ocean ridge between Africa and
South America. The new rotation will operate for
about the next 40+ myr. The Cretaceous Quiet Zone
(KQZ) has started (126.1 Ma).
From 120 Ma, the MEB and Hoorn remain rigidly
fixed to each other and to all of South America and
the new pole finally predicts pure strike-slip of their
combined northern margin along the alignment of
the westernmost section of the Agulhas fault, which
is also a small circle to the younger rotation pole.
The Bouvet plume is now situated equidistant from
DML, Mozambique Rise and MEB, close to the triple
junction between the three big plates, South
America, Africa and Antarctica, and still equidistant
from the Precambrian continental terranes of Africa
and Antarctica.
The demise of active spreading between
Madagascar and Africa occurred shortly after the
start of the KQZ (126.1 Ma) with the main ocean17

creation activity now being well-developed between
India and Antarctica. From this point on, while
Madagascar remains rigidly fixed to Africa, India
tends to follow Antarctica - but at a slower pace until it reaches its furthest point south of
Madagascar. Evdentually it will start its rapid and
well-known NW movement at about 88 Ma, 32 myr
from now. We can expect steady development of a
rifted zone between India and Madagascar in this
period leading up to this event.
Antarctica has, since 131 Ma, resumed a travel
direction against Africa similar to that before the
Valanginian ‘sidestep’, slowly moving increasingly
westward around the broad arc defined by fracture
zones outboard of the Mozambique Rise (see map).
The upheaval that started at 137 Ma with the
outbreak of two new plumes (Tristan and
Kerguelen) is now essentially complete and steady
growth on the established new ocean ridges east
and west of Africa continues through the 40 myr of
the KQZ. Note that the motion of India away from
Antarctica is very similar to that of Antarctica
against Africa in this interval. Euler latitude lines for
both poles are tangential, south of the now dormant
Davie FZ.
Last updated 2019 April 16
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100 Ma; Cretaceous, end Albian
What has happened in the last 20 myr?
Sixteen myr into the KQZ, the eastern tip of MEB is
well clear of the SW tip of Africa along the Agulhas
FZ. The Bouvet plume head is still below the AfricaAntarctica-South America triple junction and is
contributing magma to the Agulhas Plateau (Africa)
and the Maud Rise (Antarctica).
To the east, spreading has jumped from between
India and Sri Lanka to between Sri Lanka and
Antarctica, with Sri Lanka now in its present
orientation with respect to India. As a result, the
mid-ocean ridge through the South Atlantic is now
continuous - via the Agulas FZ, the Bouvet triple
junction and long offset east of the Mozambique
Rise and then through the AAC - with the active
ridge between India and Antarctica.
In the South Atlantic, the rotation adopted at 120
Ma is now well-established (dotted green latitude
lines in the figure fit well to the FZs).
Spreading of the oceans (r-r-r) around the Bouvet
plume-head is well established (see inverted red
triangles) with almost 2000 km post-137 Ma
separation between SAM and AFR, 1600 km
between AFR and ANT and almost 1000 km
between ANT and SAM. The triple junction remains
above the Bouvet plume.
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A revived episode of plume activity produces the
Agulhas plateau – an Iceland analogue – at about
this time. The margins of Africa, Antarctica and
South America (the western margin apart) are all
now essentially ‘passive’.

Last updated 2019 April 16
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83.64 Ma; Cretaceous, end
Santonian (Anomaly 34)

World view, 83.64 Ma

What has happened since 100 Ma?
The Cretaceous Quiet Zone (KQZ) has just come to
an end and the oldest of the current series of
marine magnetic anomalies, Anomaly 34, is being
created. We have used the FZ traces in the ocean
floor to interpolate smooth and steady progress
with continental dispersion from 100 Ma.
In West Gondwana, separation of South America
from Africa has become complete and the change to
a new spreading direction is imminent.
In East Gondwana, the outbreak of the Marion
plume has recently initiated the (rapid!) departure
of India from Madagascar and the jump of the midocean ridge between India and Antarctica to a
position closer to India. The Kerguelen plateau is
now well south of the eponymous plume head.
The area of ocean grown around the Bouvet triple
junction since 137 Ma is shown with vertical blue
hachuring in the map.
Continental motions from this time to the present
day are, in general, well-defined by observations of
magnetic anomalies in the oceans.
Last updated 2019 April 16
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All maps, including this world view, are in
orthographic projection centred on 60 deg S, 0 deg E
within a fixed hotspot reference frame. This keeps
the Bouvet mantle plume in the same position in
each frame as the continents disperse from around
it.
Many of the features used in this interpretation may
be identified in the DNSC08 image given on the final
page.
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