Research Update No.1, June 2016
The June 2016 Gondwana dispersal model, CR16AAEE

A full explanation of the approach we have adopted to building a credible Gondwana re-assembly and
dispersal model is presented in Reeves et al (2016). The essence of this model was established in 2014 (and
updated in 2015) as the result of more than 20 years of experimentation with models based on ocean-floor
features and the geological and geophysical mapping of the continents, Africa in particular. On-going
thought and input of new data and ideas leads inevitably to improvements and refinements to the model
that, hopefully, lead to increased elegance, reduced invention where data is lacking, and improved
conformity with what is known locally from detailed geological and exploration studies. To accelerate the
distribution of new insights from such work to those with less time to ponder the global picture, it is
intended to publish additions and improvement to the Reeves et al (2016) model (sequence number
CR15GSCB) from time to time with new models on this website. Since most adjustments lead to ‘knock-on’
effects elsewhere in the model that have to be dealt with systematically, the closure of a sequence of
adjustments with a complete new model occurs only once or twice per year and should signal the release of
an update here. The following account describes new features in the model revision completed in June 2016
with sequence number CR16AAEE (taking further some changes released to some individuals in model
CR16AACL).
The core of the model is still the ‘fit’ and subsequent movements of (1) Antarctica with respect to Africa
(Congo), (2) India with respect to Antarctica and (3) Madagascar with respect to Africa. The plate circuit
therefore closes with the relationship of Madagascar to India. Model CR16AAEE has Africa fixed in its present

Figure 1. Gondwana reassembly for East Africa, left CR15GSCB, right CR16AACL with Madagascar in its new starting position.
Africa in its present position, cylindrical equidistant projection with 1-degree grid in the background.
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geographical position while model CR16ABEE has Africa
moving with respect to a fixed hotspot reference
frame. The ‘fit’ situation has not changed between
model CR16AACL and model CR16AAEE.
The Reeves et al (2016) model is revised to model
CR16AACL to include adjustments instigated for several
reasons:
1. To put Madagascar into a revised ‘fit’ position that
gives more consistency with the way the continental
margins shown on global gravity data (‘gravity
margins’) have been used elsewhere in the Gondwana
reconstruction, following better definition of these
anomalies off East Africa in the Sandwell et al (2014)
data set (Figure 1).
2. To reduce the amount of opening in the East Africa
Rift System to only 5-10 km, more in line with recent
thinking and most of this extension happening in the
last 5 myrs. It is also now assumed that Somalia,
Madagascar and the ocean separating them share the
same movement with respect to Africa (Congo) during
East Africa Rifting.
3. To have Madagascar follow a path with respect to
Africa that agrees with the fracture zone pattern now
Figure 2. Gravity image from Sandwell et al (2014)
showing the flowlines of the Madagascar-Africa
clearly revealed in the Sandwell et al (2014) data set
movements.
(Figure 2). This involves a more southerly initial
departure direction from Africa before the (‘original’)
Davie Fracture Zone initiates as a pure transform
joining the mid-ocean ridge off Somalia with that off Mozambique.
4. To re-close the plate-circuit between Madagascar and India such that unlikely relative movements
between them do not occur as a consequence of events elsewhere in the model.
The Cretaceous rifting in the West and Central Africa Rift System has not been re-examined; the situation
there at 125 Ma (i.e. post-rifting) is unchanged. This is a topic for future investigation to include unpublished
work by others and a re-evaluation of the ‘fit’ of South America to Africa before the initiation of this rift
system (see later in this note).
The main differences between the old (CR15GSCB) and the new (CR16AAEE) models are described below.
For Madagascar with respect to Africa
Going backwards in time…
1. Madagascar follows Somalia and the ocean between the two (i.e. same plate) in the closing of the
East Africa Rift System, with modest rifting off Tanzania and Mozambique.
2. Madagascar follows a new, single Euler pole in travelling north in the interval 120 to 142 Ma.
3. Madagascar closes to the new ‘fit’ position 142 to 182.7 Ma. In effect this involves travel in a
direction that is parallel to the coastal faults of northern Mozambique once the gravity anomalies off
Anza and Madagascar are re-united (Figure 2). The NNW-striking northern margin of the Morondava
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basin in Madagascar then lies parallel to the coastal faults of Kenya, part of the triple junction of
which the Anza rift is the failed arm.
Comment
The transition from rifting to transform motion at 142 Ma (was 153.19 Ma in the old model) is obviously
abrupt in the model whereas in nature it would almost certainly be progressive. Magnetic anomalies force
the timing of the transition to be about 142 Ma when the gravity features (extrusions?) mentioned above
(Figure 2) come together across the transform, presumably at the end of the transition period.
For Antarctica with respect to Africa
Going backwards in time
1. The pole that follows the König and Jokat (2010) anomalies before 127.61 Ma is terminated at
146.61 Ma (chron M21n) instead of 153.19 Ma.
2. Closure to the previous ‘fit’ position is then achieved with one pole 146.61 to 182.7 Ma.
3. Reduced rifting movements in the East Africa Rift System between northern Mozambique and
eastern Zambia (i.e. Lake Malawi) make little difference to the fit of northern Mozambique to
Antarctica immediately west of the Gunnerus Ridge.
Comments
The transition at 146.61 Ma is abrupt in the model rather than progressive as it would have been in nature.
The first opening pole for Antarctica with respect to Africa now differs slightly from that for Madagascar with
respect to Africa. For the time being, East Gondwana is not perfectly one fragment, the difference being
sinistral strike-slip (maximum about 150 km) between India and Madagascar between break-up and earliest
Cretaceous.
Attempts to eliminate the small difference between the earliest poles for Madagascar and Antarctica proved
fruitless. See ** below.
The 146.61 to 182.7 Ma movement of Antarctica versus Africa is parallel to the northern section of the
Lebombo rather than perpendicular to the Limpopo-Angoche dykes as it was in the old model. A pole
located any further north (closer to the new Madagascar-Africa pole in the interval) than the new pole would
imply compression on the (northern) Lebombo which seems an unlikely scenario. The present model implies
pure strike-slip on this feature over this time interval.

For India with respect to Antarctica
Going backwards in time
1. The earlier pole 100.87 to 120 Ma was revised to give a ‘better’ position of India with respect to
Madagascar at 120 Ma (when Madagascar’s position with respect to Africa is fixed).
2. Two poles are then used, 120-124 Ma and 124-155 Ma to close India to Antarctica at the old ‘fit’
position.
3. Before 155 Ma (was 153.19 Ma) India follows Antarctica.
Comments
At 146.61 Ma the situation Antarctica-Africa is defined by König and Jokat (2010) marine magnetic
anomalies. To have Madagascar-India in their ‘fit’ position at this time would require the Enderby Ocean to
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be at least 200 km open already at the start of the Cretaceous which seems unlikely; chron evidence off
Western Australia suggests no movement before about 136 Ma. Alternatively, to have Antarctica-India and
Madagascar all in the ‘fit’ positions at 155 Ma would require Madagascar to lie about 200 km NE of its
demonstrable position defined by the Davie Fracture Zone.

Figure 3. The Gondwana assembly of model CR16AAEE. In black, the fragments of North Africa ae outlined in their
present-day position indicating underlap between Brazil and West Africa and overlap of Somalia onto Madagascar and NW
India. The Euler pole indicated as a generalisation of the required rotation gives predominantly dextral transtension on
most of the known Cretaceous rifts of the West and Central Africa Rift system.

Distance between conjugate chrons of East and West Gondwana: do they support the ‘tight’ reconstruction?
In model CR16AACL at 0 Ma, the distance between chron M22 in the Somali basin and in the Mozambique
basin, both on the Africa plate, is 2263 km. At 140 Ma (i.e. with Somalia moved to its ‘fit’ position with
respect to the rest of Africa) the distance is 2430 km. On our re-assembly of East Gondwana, the M22 chrons
conjugate to the above are separated at 140 Ma by 2424 km. It follows that either east Africa is too small in
its present shape to accommodate East Gondwana (requiring, for example, a displacement of Somalia to the
NW) or that an even tighter re-assembly of East Gondwana must be made. We prefer the former solution,
as explained below.
** To get from our ‘fit’ position to the situation at about 151 Ma (chron M22) requires about 150 km of
sinistral strike-slip across the plate-closure interface between India and Madagascar. This implies that the
initial fault system between Madagascar and northern Mozambique was in transpression, keeping
Madagascar against Africa, with oblique opening of a rift north of the Selous basin. The Davie Fracture Zone
remained under compression during its strike-slip operation.
Model CR16AAEE shows small amounts of other relative movements between India and Madagascar (see
animation) in the interval 182.7 to about 130 Ma, before larger movements commence. Some of these
could be eliminated by suitable adjustments, within the confines of available data, elsewhere in the plate
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circuit. We have not attempted this so far, contenting ourselves with the fact that the common margins of
India and Madagascar come together essentially parallel to each other as a consequence of the remainder of
the plate circuit. Unfortunately, little data exists to constrain their relative positions. We do not claim
accuracy of better than a few tens of kilometres in any if this work.
The West and Central Africa (Cretaceous) rift system
Figure 3 shows the reconstruction of Figure 1 with an overlay of northern Africa in its present-day with
respect to the remainder of Africa. A large gap (‘underlap’) is evident between the coast of West Africa and
the norther coast of Brazil. Conversely, Somalia overlaps on Madagascar and India. We eliminate both of
these problems by rotating the fragments of North Africa in a clockwise direction during the initial opening
of the South Atlantic Ocean, 136-127 Ma. We assume that this can be accommodated within observed
movements of the known rifts that separate north Africa from the remainder of the continent. This
contention requires further investigation.
Other adjustments
Maurice Ewing Bank
The pole that defines the movements of the Maurice Ewing Bank has been revised so that it follows the
Agulhas fracture zone more closely and also reacts when the Antarctica-Africa travel direction change occurs

Figure 4. Left to right: Sri Lanka in its present position with respect to India at 114 Ma; at 122 Ma when our pole position
changes and at 145 Ma when Sri Lanka is in its ‘fit’ position with respect to India. Initial pre-transform in green.

at 146.61 Ma when the MEB is ‘in the way’ of the more southerly course of Antarctica.
Sri Lanka
The movements of Sri Lanka with respect to India have been refined to avoid any overlap with the Gunnerus
Ridge and the Antarctic mainland during opening in the new model. Conceptually (if not numerically) the
same two-stage opening process is invoked in the Gulf of Mannar/Palk Strait between Sri Lanka and India,
i.e. first dextral strike-slip with spreading propagating east to west (145-122 Ma), then dextral strike-slip with
faster opening in the west than in the east (122-114 Ma). No ocean, once created, is destroyed in the model.
A 850-km long ‘pre-transform’, forming the alignment separating India+Sri Lanka from Antarctica, behaves as
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shown in Figure 4 (green), adjusted not to undergo compression at any stage of the process. Note that the
well on Delft Island (in the Palk Strait) bottomed in conglomerates dated at earliest Cretaceous to latest
Jurassic, supporting the 145 Ma date for the start of rifting events between India and Sri Lanka. The change
of spreading pattern at 122 Ma would likely form part of the ‘Aptian sidestep’ events further west, involving
ridge re-location between Africa, Antarctica and Madagascar.
The Seychelles
The starting position of The Seychelles remains similar to that in the earlier model as far as India and Somalia
are concerned. The new starting position for Madagascar means that The Seychelles now have a slightly
simpler movement history with respect to Madagascar.

No compression phase between Somalia and India
A fundamental principle in all our model-building has been to avoid destruction of ocean anywhere, once it
has been created, except where subduction zones are known. A case in point is the ocean between Somalia
and India, particularly in the interval 136-125 Ma when Somalia rotates clockwise with respect to the rest of
Africa during the West and Central Africa (Cretaceous) rifting episode. We have checked and adjusted model
CR16AACL (but not yet CR16AAEE) such that the ocean between Somalia and India never gets smaller while
Somalia is rotating. The remaining motion here at the mid-ocean ridge is dextral strike-slip along a
transform that we see as the initial manifestation of the Owen Fracture Zone in this interval.

Some research questions




Can some of the early opening of East and West Gondwana have occurred already during Karoo
times, perhaps as a result of whatever processes expelled Iran-Afghanistan from the space between
the Horn of Africa and NW India in the reconstruction? (~176 Ma in present model may actually be a
‘post-Karoo’ situation?).
How much strike-slip can reasonably be accommodated in the Anza rift? Our model implies about
110 km of dextral movement, presently all in the interval 136-127 Ma, but potentially some or most
of this could have happened in Karoo times.

Colin Reeves
Delft, 2016 June 10.
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