Research Update No. 11, May 2019

Gravity margins, closing the South Atlantic (especially the southern part)
- and the greater Mwembishi shear zone

1. What are gravity margins?
One set of important features I have not addressed at length in these notes until now is what I call ‘gravity margins’.
These are distinct curvilinear gravity ‘highs’ that may be found flanking the margins of most continents, certainly
those in the southern hemisphere. It is not immediately clear what they must be physically, but examination of the
global gravity anomaly maps (e.g. DNSC08) shows what looks like typical oceanic crust outboard of these narrow
highs almost everywhere. Inboard is presumably stretched continental crust so it seems logical to assume that the
‘gravity margins’ reflect an event at a time when continental rifting finally turned into the creation of new ocean
crust. In that case, these features would originate once the process of continental stretching was at an end and
ocean growth about a new mid-ocean ridge was about to commence. Given that other ‘highs’ occur over deltaic
fans in the ocean (e.g. Bay of Bengal, Niger delta, etc) where they must be attributable to excess mass (sediment)
piled on the ocean crust, it is possible that in the more general case of continental margins they reflect the mass of
the sedimentary section accumulated inboard of the continental slope.
What I find most remarkable is just how well conjugate pairs of gravity margins fit to each other when a continental
reassembly is made (Figure 1). This tends to confirm the above interpretation but signals that yet more closure

Figure 1. Areas of Precambrian geology of the continental blocks (pink) with their ‘gravity margins’ in blue.
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between the continental pair should be made to establish the original ‘fit’ configuration. The ‘fit’ should therefore
show an overlap between conjugate pairs of gravity margins that reflects the original disposition of the Precambrian
continental fragments before the onset of rifting. The continental crustal material originally between the pink areas
in the reassembly is now stretched and concealed below the continental margins.

2. What happened in the South Atlantic
Despite its being the first example of how well continents might once have fitted together, the margins of the South
Atlantic Ocean provide some challenges to fitting the conjugate margins together that do not occur elsewhere in the
reassembly shown in Figure 1. In part, this may be attributable to conventional thinking that is rooted in less-recent
ideas. Here I re-examine the situation.
Figure 2(a) shows what appears to be an acceptable reassembly of the two continents and their respective gravity
margins for the region south from the present-day Gulf of Guinea to about 3000 km further south (the latitude of
Porto Alegre, Brazil) with the present-day geology of the two continents added. The average distance between the
Precambrian outcrops on the two continents in the reassembly is about 160 km (measured at seven points taken at
random). If we construct a polygon that circumscribes the area between the two extant Precambrian areas and
attach one such polygon to each continent, then we can investigate the amount of stretching of continental crust
that went on before rupture and onset of ocean growth. One polygon (South America) is shaded with NE-SW
hachuring while the other (Africa) is shaded with NW-SE hachuring. In the fit position, then, the whole as yet un-

Figure 2. Early opening of the South Atlantic Ocean, 140 Ma, 132 Ma and 120 Ma. Gravity margins as blue lines,
thicker for South America. Tristan plume head indicated by yellow ticks. Euler latitude lines (small circles) in grey for
the initial (137-120 Ma) opening pole.
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rifted area is cross-hachured. Once the two polygons no longer overlap, then this notional initial crust has been
stretched to one half of its original thickness.
At 132 Ma (5 myr after onset of rifting – Figure 2(b)), there is still much overlap between the two polygons, but
varying from almost complete at the north end of the area to complete separation at the south end. An area
somewhat less than the area between the two gravity margins is still cross-hachured. This process may be described
as the ‘unzipping’ of the two inflexible continents as ocean-initiation migrated north. By 120 Ma (Figure 2(c)) the
separation between the two polygons is complete almost everywhere except in the extreme north and each gravity
margin bisects each polygon approximately. The conclusion is that the Precambrian continental crust involved in the
rifting was stretched to about one half of its original thickness before rupture and onset of pure ocean growth.
The gravity margins may be interpreted from global images easily and unequivocally so I have confidence in using
them as proxies for continental margins in this way. For East Gondwana in general (Figure 1), the success is more
convincing than in the South Atlantic example. Correspondence of the gravity margins with ‘COB’ or ‘ocean
transition zone’ should be treated with caution, not least because the location of these features tends to differ
markedly from one interpreter to another.
The fit of the South Atlantic could be tightened somewhat to that shown in Figure 2(a) without overlapping any of
the mapped Precambrian geology. Such a solution appears not to find favour with those having knowledge of the
seismic data of the margins and its interpretation. I have therefore not pursued this further. Other, more important
factors come into play…

3. The Porto Alegre-Buenos Aires margin
South of the latitude of Porto Alegre – i.e. south of the area shown in Figure 2 - the fitting procedure adopted for
Figure 1(a) starts to break down. Over a 1000 km length of continental margin (as far south as Argentina’s Salado
basin), closing the ocean makes the gravity margins begin to overlap well before they do further north when the
two rigid continents are brought into close proximity. (We retain South America as one rigid plate, north of Rio de la
Plata.) By the time the fit of the gravity margins accepted further north is achieved, there is already an overlap of
about 60 km between the two sides of the ocean over this 1000 km length of margin. We note, however, that the
conjugate margin on Africa approximates closely to the width of the STASS (southern trans-Africa shear system) as
we have interpreted it in the past from various (mainly geophysical) inputs (Figure 3).
The northern end of this margin on the Africa side coincides with a feature that was noted when the first complete
aeromagnetic coverage of Namibia (onshore and offshore) was released some 15 years ago. The feature appeared
to be a westward step to the south (offshore) in the margin of what looked like Precambrian rocks in Africa where
the coastline crosses the latitude of 22 degrees S (i.e. about 200 km N of Walvis Bay). Could this possibly be a
relatively recent tectonic dextral displacement of the basement rocks?
Two other tectonic features within Africa of which I am aware also came to mind. First, within Namibia, there is the
Waterberg fault system that appears to have been activated (or reactivated) rather recently. Second, in central
Zambia, there is the Mwembishi fault system that is certainly part of the original Southern Trans-Africa Shear System
(STASS) that was active during the Karoo (Permian-Triassic) rifting episode. The Mwembishi fault zone was also
noted during recent geophysical work in Malawi. [In addition, there is a wealth of dykes and late stage igneous
intrusions in Namibia, particularly just north of Walvis Bay, the dykes striking NE (Figure X)].
As an interpretative idea that unites all these thoughts, I investigated the possibility of a ‘Mwembishi megashear’, a
fault line crossing southern Africa by way of the Waterberg faults in Namibia and the Mwembishi in Zambia to the
coast of Tanzania south of the Selous Basin. I have often argued in the past that the STASS itself has been
demonstrably dormant since 179 Ma since even quite small displacements would be evident in the aeromagnetic
traces of the Okavango dyke swarm that crosses it. A more northerly route, from the Namibian coast at 22 deg S to
southern Tanzania would pass to the north of the Okavango dykes, so this argument would no longer hold for any
displacement on a Mwembishi megashear (Figure 3).
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Figure 3. Selected structural features of southern Africa in a global setting at 140 Ma. Dashed red line, A-A’ = STASS (Note
possible extension into the Salado basin of Argentina); Dashed yellow-and-black line, B-B’ = interpreted Mwembishi
megashear (note possible westward extension at Porto Alegre); blue fault lines: W = Waterberg faults, Namibia; M =
Mwembishi faults, Zambia; Z = Zoetfontein fault, Botswana/South Africa. Magenta cross-hachuring: main cratons. Thick
white lines: gravity anomaly axes from global data. Thin magenta lines: main features of aeromagnetic map coverage of
Africa, where available. Thin black lines: dykes of the Okavango swarm (179 Ma) interpreted from aeromagnetic data. Note
that the Mwembishi feature extends into the active mid-ocean ridge system between Africa and Madagascar at this time.

4. Movement on the Mwembishi megashear?
I first examined other features that occurred along the trace of this hypothetical mega-shear. Two things appeared
at once. First, the alignment of (the west coast of) Lake Malawi is displaced by about 30 km where the mega-shear
crosses the lake. If the present-day rift follows a (Precambrian?) weakness line, this line would have been displaced
by movement on the super-Mwembishi. Second, the gravity margin interpreted on the east coast of Africa is offset
by about 62 km where the trace reaches the continental margin, about 3200 km distant from north of Walvis Bay.
Including the 72 km offset of the gravity margin off Namibia, an average of about 55 km of offset was estimated for
the length of the shear. For such a feature, the implementation of the movement would, of course, differ from place
to place a cross a broad zone of diverse geology that mostly follows the alignment of late Precambrian orogenesis.
Several authors equate the Mwembishi zone to the final, brittle, phase of collision between the Congo and Kalahari
cratons at the conclusion of Pan-African events.
It would, however, seem to be excessively bold to construct an eastward (in reverse time) 55 km movement (half-adegree of rotation about a distant Euler pole) of most of southern Africa (model CR19ABDJ) within what is by now a
rather robust Gondwana reconstruction model with southern Africa near its centre. In practice, however, such a
movement turns out only to be favourable to the reconstruction since it results in a reduction in the excess of space
(compared to other margins) between the Lebombo feature and the Grunehogna craton in Antarctica and between
Northern Mozambique and the Gunnerus Ridge further east in Antarctica. Both these ‘too-large’ gaps have defied
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other solutions in the re-assembly until now. The hypothetical mega-shear displacement therefore seems to offer a
solution to at least five different (admittedly small) problems in regional tectonics. It certainly deserves closer
examination.
A further line of investigation seems even more convincing. Alkaline intrusions are known in the vicinity of Walvis
Bay (Figure X) as well as in Zambia, Malawi and SE Tanzania. They tend to follow a belt within a few hundred km of
the greater Mwenbishi alignment I propose. Much of the trace of this ‘new’ feature, of course, lies concealed below
Kalahari cover between western Namibia and Zambia so is devoid of known intrusions. Furthermore, initial
literature searches show that, where dated, these intrusions all have ages in the range 127 to 137 Ma. This is in
close agreement with the time interval in which I see dextral movement on the Greater Mwembishi delaying the
opening of the South Atlantic south of Walvis Bay.
No movement is proposed on the extension of the Mwembishi megashear into South America, though it is noted
that its westward extension does coincide with the margin between Precambrian rocks to the south and
sedimentary and volcanic rocks to the north, at the latitude of Porto Alergre.
An important consequence of this model is that opening of the South Atlantic south of Porto Alegre could be delayed
somewhat. Thus, while we do not dispute the early Euler pole for South Atlantic extension located in western
Nigeria (small circles in Figure 2), the first occurrence of new ocean is now predicted for the area north of Porto
Alegre rather than that south of it. In the earliest phases, westward movement of southern Africa along the
Mwembishi shear will tend to keep pace with the westward movement of South America, keeping the ocean south
of Porto Alegre (relatively) closed. At the rate of ocean growth predicted by the geometry of the situation, 55 km of
movement on the Mwembishi megashear would amount to 1 to 2 myr of delay in the start of the ocean south of
Porto Alegre.
It may not be coincidental that eastward continuation of the Mwembishi beyond Africa coincides with the location of
the mid-ocean ridge between Madagascar and Africa at this time (Figure 3). Dextral movement on the Mwembishi
would tend to make the relentless clockwise movement of Antarctica about southern Africa in the period after 157.5
Ma somewhat ‘easier’, a substitute for compression on the Davie Fracture Zone as it commences its role as the
strike-slip trace of Madagascar’s movement against Africa, 144-124 Ma approximately. Between 137 and 134 Ma,
any movement on the Mwembishi would contribute to the ‘Valanginian sidestep’ between Antarctica and Africa
discussed elsewhere. Renewed vigour in the Bouvet mantle plume at this time may well contribute with renewed
production of magma, now largely preserved in the Mozambique Rise.
What I have previously referred to as the STASS may, in fact, comprise the expression of two distinct features (Figure
3). The STASS itself I now think refers mainly, if not entirely, to the sinistral Permian-Triassic movements recorded in
the Karoo rifts of eastern and central southern Africa. The Mwembishi supershear, meanwhile, would be a
reactivation of a Pan-African feature originating in the collision of the Kalahari and Congo cratons completed in
earliest Cambrian time. The earlier sense of movement – sinistral – was then repalced with a dextral sense of
movement.

4. Closing the South Atlantic Ocean south of Buenos Aires
Further south again, the fit of South America against Africa has always been problematical. Possible movement on
the greater Mwembishi means that events south of Rio de la Plata/Orange river mouth can now be considered
separately from those north of Porto Alegre. There must have been other forces at play for opening the
southernmost parts of the South Atlantic, i.e. a cause other than the Tristan plume head. Our revised trace for the
Bouvet plume puts it in a key position for this, ahead of the Tristan-related events north of Porto Alegre,
Before 137 Ma (the time of South Atlantic initialisation), the predominant (if not only) continental-scale movement
in progress is the clockwise progress of East Gondwana (Antarctica) against Africa referred to above. This had been
active since the southward change in spreading direction at 157.5 Ma (Research Update No.10). The ocean fracture5
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zone record shows at least 50 myr of clockwise movement of Antarctica about SE Africa occurred from about 157 Ma
– but with a notable interruption of about 6 myr from 137 to 131 Ma. This I have called the ‘Valanginian sidestep’
which I equate with the period of onset of ocean floor spreading both east and west of Africa.
I have drawn attention elsewhere (e.g. Research Update No.10) to the identical geometry of the outboard edge of
the Mozambique Rise and Anomaly-T in the Weddell Sea. Both, I postulate, were (at about 140 Ma) long-offset
transforms in the ridge-transform system that defined the clockwise movement of Antarctica with respect to Africa.
Within such a regime, friction along Anomaly-T (as an active transform) would tend to ‘peel’ the southern parts of
South America (i.e. most of Patagonia) away from Africa. With the Bouvet plume-head then situated between Port
Elizabeth and DML, Antarctica - and actively separating the main part of the Falklands/Malvinas plateau from the
Maurice Ewing Bank (MEB) - the possibility exists of South Atlantic opening starting with a new mid-ocean ridge
penetrating northwestwards from the plume head and separating Patagonia and Africa. To achieve this, of course,
Patagonia has to be divided into sub-plates prior to the consolidation of the South America plate (apart from the
MEB) at about 137 Ma.
Much of this articulation of may be achieved by a reasonable amount of opening across the two major (offshore) rift
basins (Salado and Colorado) mapped south of Buenos Aires (Figure 4). The new mid-ocean ridge would, in part,
adopt the Agulhas FZ as a ridge axis as a means of stepping west, south of Cape Town, ahead of penetrating north
with the first opening of the South Atlantic north of the FAFZ. We estimate the onset of this early spreading to be
between 145 and 140 Ma. This would require no (further) movement on the ‘Gastre’ fault at this time, even if that
had happened earlier.
After about 137 Ma, the Valanginian sidestep (see Research Update No.10) in the motion of Antarctica against Africa
brought several changes to the established spreading system. The ridge system with long transform-offsets east of
southern Africa and Patagonia became temporarily extensional across these offsets facilitating, inter alia, the venting
of more magma from the Bouvet plume to make up much of the Mozambique Rise (and the Explora Wedge of
Antarctica?). A new triple junction, immediately south of Limpopia and the Mozambique Rise, would now separate
Limpopia from Antarctica. The arm trending NW from the triple junction would continue separating the MEB and
Malvinas Plateau while, by 137 Ma, the whole of the South America plate, apart from the MEB, would have acquired
its present outline.
South of Buenos Aires, South Atlantic rifting will already have been active for 5 to 10 myr before 137 Ma. North of
Porto Alegre it will be just starting at 137 Ma and (thanks to the delay through dextral movement on the
Mwembishi) between Porto Alegre and Buenos Aires it will still be a few myr in the future. The model thus brings
the rather surprising (but defensible) result that the South Atlantic between Buenos Aires and Porto Alegre was the
final section of the South Atlantic to open. Along with magma supply derived from the newly-active Tristan mantle
plume this would contribute to separating the ocean waters to the south from those to the north, as suggested by
other evidence.
After about 137 Ma, a rigid South America follows the simple rules of plate tectonics and is finally consolidated in its
present outline by addition of the MEB at 120 Ma (Research Update No.10). The record of marine magnetic
anomalies dating from 136-125 Ma (before the onset of the Cretaceous Quiet Zone) is to be found only in the
southern section (south of Walvis Bay) discussed here – and mostly only south of Buenos Aires. Figure 4 illustrates
how I see the model working for the southernmost South Atlantic Ocean. At 145 Ma (Figure 4(a)), note the similarity
in the overall morphology of the Valdez-Rawson basins in Argentina with that of the Outeniqua basin of offshore
South Africa. The basement to the Valdez-Rawson basins makes no further movement with respect to the basement
further south of it after about 145 Ma (start of the Cretaceous).

5. Jurassic movements
To bring the Falkland Islands to a position off the South Africa coast - and against MEB in its starting position - would
require earlier (pre-143 Ma) strike-slip on an as-yet-unidentified fault trending approximately E-W in present-day
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South America coordinates and lying NW of the Falkland Islands. We suggest that the San Julian basin (Figure 5)
might lie adjacent to or within a fault structure of this nature. The movement could also be accomplished by a
system of more than one parallel fault. A total travel distance of about 300 km is necessary if the islands are to be
reconstructed to the geologically-favoured starting location off the Natal coast. Our model can do this (also closing
the Weddell Sea in the process) by movement along the geometric extension of the arc of the Agulhas fault into pre145 Ma South America. Such a closure requires moving the whole Patagonian fragment eastwards by a distance of
almost 500 km along this hypothetical fault line. My fault has an alignment that differs from that of the (seemingly
controversial) Gastre fault. It separates the basement of the area carrying the Valdez-Rawson basin from that

Figure 5. The four postulated faults of Patagonia in relation to mapped geology and ocean-floor
gravity.

carrying the San Jorge basin.
Apart from rifting in the Salado and Colorado basins, our reconstruction requires just two other faults, the positions
of which are shown in relation to the known geology of Patagonia in Figure 5.
The North Falklands basin (not labelled) would lie parallel to the mid-ocean ridge penetrating NW between the
islands and the MEB in the time interval at about 145-140 Ma (Figure 4(b) and (c)). A complete sequence of images
from 150 to 100 Ma at intervals of 2 myr based on figure 4 are shown in an animation that appears on my website
alongside the link to Research Update No.10 http://www.reeves.nl/upload/BOUVETanigif.gif.
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6. Review of faults ‘invented’
Figure 6 shows the situation envisaged at 140 Ma, the peeling away of Patagonia from southern Africa has already
started and movement on the Mwembishi is in progress. Opening of the South Atlantic north of Porto Alegre is still
in the future.
No movement on the fault immediately north of Porto Alegre is envisaged at any time but we note that both it and
the faults mentioned further south will extend no further to the west in South America than the Tranbrasiliano
lineament, tentatively extended this far south.
South of Buenos Aires, the prevailing SW movement of Antarctica against Africa has already led to the slight rotation
of the whole of Patagonia away from Africa by opening of the Salado and Colorado basins. Both features were
arguably already active at the time of the STASS (Karoo) in Permian-Triassic times.
Any earlier movement on the fault north of Rawson has ended, as has that on the fault interpreted parallel to the
San Julian basin. Note that the last-mentioned fault has the same strike direction as the prevailing rotation of
Antarctica about Africa so could have earlier been a transform (for a time, at least) in this plate tectonic system.
For Jurassic times (i.e. before 145 Ma) I have less confidence in the model. The fault north of Rawson is drawn so
that it is geometrically coincident with the same Euler pole as the alignment of the well-defined Agulhas FZ in our
reconstruction. This is the same pole as defined by the 179 Ma dilation evident in the Okavango dyke swarm. It is
not the alignment of the Gastre fault but does follow, in part, the ‘possible lineament’ shown by Davison & Steele
(GeoExpro 13, No.4 (2016)). The superficial similarity between the Valdez-Rawson basins and the Outeniqua basin

Figure 6. The Bouvet plume generates the first mid-ocean ridge penetrating NW between Patagonia and Africa while
movement on the greater Mwembishi delays rifting north of Buenos Aires.

(both lying immediately to the north of this major fault in our reconstruction) I find rather persuasive. A weakness in
the model is that this fault does not appear to have become a rift at the time of Figure 6 in the manner that the
Salado and Colorado rifts did.
The possible closure of the Falkland Islands against the Natal coast achieved in our 182.7 Ma fit requires 500 km of
movement on the Agulhas FZ and its westward extension into Patagonia as well as 300 km of movement on the fault
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parallel to the San Julian rift. Such reconstruction does, however, close the Weddell Sea completely in a way that
does seem to agree with gravity margin and magnetic anomaly features observed there and shown in Research
Update 10. The westward extension of the San Julian fault might mark the southern margin of the Deseado massif
and extend westward to the region of extensive Chon Aike volcanism. The latter would be no further from the
Bouvet plume-head in our reconstruction than much of the volcanism in southern Africa.
I am ignorant of much about the geology of South America and Patagonia. Experience of many years in Africa alert
me to the fact that knowledge is probably truly scant and that large tectonic features can be expected to exist there
and be, as yet, undetected. I sincerely invite feedback from those who are better informed.

Colin Reeves
Delft, 2019 May 15

Figure X. The western end of the greater Mwembishi in the vicinity of Walvis Bay. Dykes (black), alkaline intrusions (dark
blue), Karoo and Etendeka basalt (paler plue).
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