Research Update No.4, November 2016
This Update follows that dated 2016 October 7 (No.3) and describes innovations in the Gondwana assembly
and dispersal model applied to model CR16AAJJ since that time to give the current model, CR16AAMH
(Africa fixed). The adjustments result from discussions during a visit to the Gondwana GIS lab at the Federal
University of Rio de Janiero, October 15-22, the 48th Geological Congress of Brazil the previous week and
work undertaken in Delft between October 24 and November 25.
Three major concerns have been addressed in the revised model with the priority of producing the next
version of the new Geological Map of Gondwana that is due for publication at the next ‘Gondwana’ meeting,
scheduled for November 2017 in Bangkok:
1. The draft version of the map presented at the IGC in Cape Town (August 2016) still had Africa in one
piece which makes it impossible (apart from a few other details) to close both the South Atlantic
Ocean and the Equatorial Atlantic Ocean at the same time.
2. To create a closure ‘fit’ for the South Atlantic margins that conform to current ideas from those
working in the region.
3. The ‘undoing’ of the Cretaceous rift system in west and central Africa in a way that is tectonically
credible while creating as few problems as possible in ‘cutting up’ the one-piece digital geology of
Africa.

Closing the South Atlantic
First an acceptable fit was made of the east coast of Brazil to Africa, being guided by the digital geology in
the Cape Town version of the map and with a separation acceptable to those knowledgeable on the sub-sea
geology. This fit was slightly less tight than that in model CR16AAJJ and had the ‘gravity margins’ from
satellite gravity data parallel and approximately coincident. The mechanism of achieving this fit was then
addressed.
An interval pole was calculated for the interval 83.5 to 125 Ma (i.e. bridging the Cretaceous Quiet Zone in the
marine magnetic anomalies) using the Torsvik et al. (2008) poles and the behaviour of South America versus
Africa was observed until a point was found where South America could abandon this pole in favour of a
pole that would achieve the desired fit. The oldest fracture zones (e.g. particularly the Falklands-Agulhas FZ)
should be small circles to any such closure pole. A time of 122 Ma was eventually chosen for this polechange and the pole then required to achieve the fit was determined. This was subsequently revised slightly
– see later.
A similarly satisfactory fit was then made for the north coast of Brazil against West Africa. It was agreed that
this could be somewhat tighter than the fit further south and differed but little from that in the earlier model
CR16AAJJ. The rotation pole was then determined that would bring Northwest Africa from its present-day
orientation with respect to the rest of Africa to this ‘fit’ position. This was also revised subsequently.
It should be noted that we have chosen, for simplicity, to have both these poles operating steadily over the
interval 122-136 Ma. This may not conform perfectly to reality as it would imply that a small amount of
rifting between West Africa and the north coast of Brazil was occurring already at 136 Ma. Since the present
priority is the final ‘fit’, this simplification has been accepted for now. Of more concern was that these two
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Figure 1. The Gondwana model CR16AAMH form136 Ma showing rotation poles for the interval 136 –
122 Ma for the three main fragments of northern Africa and the whole of South America.
poles did not, initially, achieve a reasonable amount of opening in the Benue Trough. In fact they implied a
closing of from zero to 40 km along the length of the feature. The only solution to this problem was a
displacement of South America to the north from its new ‘fit’ position with respect to Africa by about 50 km,
parallel to the main sections of the incipient South Atlantic rifts between them. This led, in turn, to a more
complete solution involving movements of micro-fragments in Cameroon and eastern Nigeria that were
made as an iteration of the ‘fit’ once all other parts of the rift system had been animated. This ‘final’ fit is
illustrated in Figure 1.
Also of consideration in this context is the fact that confining the model of the reshaping of northern Africa
to a single set of movements in the interval 122 to 136 Ma is certainly an oversimplification. For example,
the Benue Trough is known (from folding of the sediments within it) to have closed somewhat (by about
30%? –Burke, pers. com.) in the Santonian (about 84 Ma), long after the opening in the Early Cretaceous.
The unknowns for a more complete model with several intermediate stages are, however, numerous. Our
model also assumes that the entire South American plate north of the Falklands-Agulhas fracture zone was
rigid in the 136-122 Ma time interval and subsequently. Workers from the region seem more content with
this assumption than the unsubstantiated major plate boundaries within South America postulated by some
authors.

Closing the Red Sea and Gulf of Aden
At the eastern end of northern Africa, the availability of the digital geology displayed in Cape Town was used
to review the closure of the Red Sea and the Gulf of Aden implied in the rotation model.
A somewhat less-tight fit of Arabia to the Africa coastline (in comparison to CR16AAJJ) was adopted. It was
clear that a similar fit of the north coast of the Horn of Africa could only be achieved if Somalia (Horn) was
rotated with respect to the rest of Africa. This was accommodated by assuming rift extension in the course
of operation of the East Africa Rift System (EARS). Reversing an extension of 64 km between Somalia and
Ethiopia in the vicinity of the Red Sea-Gulf of Aden-African rift triple junction achieved the desired fit of both
NE Africa and Somalia (Horn) to Arabia. Extension between Somalia and Ethiopia is the only extension within
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the EARS that is considered sufficiently large to warrant displaying on a map at scale 1:5 000 000. Before
EARS time, it is assumed that Somalia, Arabia and Ethiopia behaved as a single entity as far as movements
with respect to the rest of Africa are concerned.
The only movement of this entity was invoked in the interval 122 - 136 Ma to undo a reasonable amount of
extension in the rifts of Southern Sudan without invoking an unreasonable amount of re-activation of the
Anza Trough at this time. The pole is located in southern Tanzania (Figure 1). The Sudd block, between
Africa and Ethiopia, was moved about the sane pole but by about half this rotation since rifts developed both
sides of this block.

Fitting Northeast Africa (Nubia)
Having adjusted The Horn of Africa and Northwest Africa to their respective Gondwana ‘fit’ positions, it
remained to attempt fitting Nubia-Northeast Africa into the remaining space between these two. In theory,
without invoking earlier movement in the Red Sea, this block should also be fixed to the Horn of Africa.
However, there is evidence of slight movement along the ENE striking fault terminating in the Red Sea that
marks the northern end of the Sudanese Cretaceous rifts and separates Nubia and Ethiopia. I have allowed
the model to make use of this flexibility to help minimise the amounts of extension across the Cretaceous
rifts of northern Africa as a whole at the cost of a very small amount of early movement between Nubia and
Arabia along the Red Sea axis.
With this small adjustment, Northeast Africa (Nubia) could be fitted to the rest of pre-136 Ma Africa with a
small but reasonable amount of overlap on all three of its margins (i.e. with NW Africa, Africa (Congo) and
Ethiopia). A pole off the coast of northern Mozambique was determined that would achieve this movement
of NE Africa in the 122-136 Ma interval in which all the other adjustments of northern Africa were taking
place (Figure 1).
From a point of view of practical cartography, all of the overlaps necessary in reversing the activity of the
Cretaceous Rift system of northern Africa proposed here occur within areas of Cenozoic cover on the digital
geology of Africa and so should present no real problems in constructing the geological map of the reassembly.

Adjustments off East Africa
The dynamic fit offered in model CR16AAJJ has been re-examined critically for the solution it offers off East
Africa. This investigation has followed two directions.
First, the data set of digital line-work given by the USGS in 1996 suggests very clearly a buried escarpment
striking NE-SW off SW Madagascar that has an equivalent in the SE margin of the Selous basin in Tanzania.
Treated as ‘piercing points’, this conjugate pair of escarpments fall opposite each other at 176 Ma in model
CR16AAJJ. At this time the buried escarpments in western Madagascar and eastern Tanzania are also
persuasively parallel (Figure 2). It has therefore been decided that this should actually be the ‘fit’ position
adopted for Madagascar against Africa for the Gondwana map. Model CR16AAMH therefore contains
adjustments such that Madagascar reaches this position at 182.7 Ma. Any earlier extension between
Madagascar and Africa is now ascribed to Karoo times, before the time of the new Gondwana map.
Second, the Cape Town draft of the new Gondwana map reveals clearly the pre-break-up sedimentary
geology of Somalia and Madagascar ‘wrapping around’ around Somalia’s Bur Acaba Precambrian craton in a
manner similar to that observed for the Zimbabwe craton of Africa and the Singhbhum craton in India
(Figure 3). This feature is now divided between Somalia and Madagascar and gives a useful geological
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indicator of what a satisfactory fit between the two plates should look like, i.e. the two partial ellipses should
form one single ellipse. The fits for CR16AAJJ and CR16AAMH are compared in Figure 2. Please note that, in
Figure 3, Somalia is fixed as part of the Africa plate so has not been displaced to the NW as we suspect
should be the case as the result of ‘undoing’ the Cretaceous rift system in northern Africa discussed already.
One consequence of the newer fit is more room for the Seychelles off northern Madagascar .
A disadvantage of the CR16AAMH fit is that it is now necessary to have a rather larger gap between
Antarctica and the coastline of northern Mozambique. The ocean floor topographic evidence suggests that
this should be just as ‘tight’ as that between Sri Lanka and Antarctica so a note of caution is sounded here for
the newer model. It is not possible, however, to make a tighter ANT-AFR fit without creating overlap of (e.g.)
India onto Madagascar as all fits in East Gondwana are already at or less than 50 km.

Figure 2. Comparison of the fit around Madagascar, CR16AAJJ (left) and CR16AAMH (right). Blue:
outline of the Bur Acaba craton from Gondwana geological map.
Micro-fragments of Cameroon and Nigeria.
The rift system of northern Africa as represented in this model tries to minimise the amount of crustal
extension necessary to achieve the re-shaping of Africa needed to close both the South Atlantic and the
Equatorial Atlantic Oceans. The result is not unique and other solutions might well offer even smaller
amounts of crustal extension. The largest amount of overlap/underlap present in CR16AAMD (i.e. before the
final adjustments to the model to reach CR16AAMH) were in the region SE of Lake Tchad in Nigeria and
Cameroon. A more satisfactory answer here was achieved by giving new movement to the micro-fragments
north of the mapped shear zones running ENE through northern Cameroon and co-linear with the fracture
zone separating Nubia from the Congo craton.
Before this adjustment, the initial separation between the Precambrian terranes of northern Cameroon and
those of Brazil’s Borborema province across the closed South Atlantic was unrealistically small and the
amount of rift extension SE of Lake Tchad unrealistically large. This was remedied by moving the terranes of
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Figure 3. The Bur Acaba craton and its surrounding sedimentary
formations, approximately aligned in the Cape Town draft of the
Gondwana geological map. The two halves of the elliptical structure
around the Bur Acaba massif are here slightly offset. For CR16AAMH
reconstruction, see Figure 2.

northern Cameroon east by
about 83 km in the interval
120-136 Ma (i.e. going
backwards in time) so that the
extension is shared between
the rift SE of Lake Tchad and
the South Atlantic rift
immediately south of the
Benue Rift in Nigeria. In
effect, this means that the
northward-propagating South
Atlantic rift initially stepped
eastwards along the
Cameroon fault system into
the rift SE of Lake Tchad with
these faults – as well,
probably, as the Benue trough
and its extension into the
Potiguar basin of NE Brazil –
operating as sinistral pretransforms in forward time.
These faults are of PanAfrican
origin and their proposed
Cretaceous movements may
well be opposite to those
determined for

Neoproterozoic times (which are unknown to me).
A smaller block, the Hawal massif in Nigeria, has been given a slightly different movement which it has been
assigned rather arbitrarily. Its postulated departure from the main Nigeria massif by way of a clockwise
rotation leaves a deep basin – the Upper Benue Trough - which is now thought to exist from geophysical
evidence (World Bank Project, 2004-10) between these two areas of Precambrian exposure. A small amount
of movement between the Hawal massif and the Precambrian terranes of SE Nigeria and northern Cameroon
(the Adamawa massif) gives rise to the Yola Trough between them but this feature is of minimal importance
for map-making at scale 1:5 million.
It is notable that the boundary (rift) between the NW Africa and NE Africa (Nubia) fragments running NW of
Lake Tchad is largely strike-slip in nature with a small amount of transtension. Its relation to the Sirte rifts in
Labya has not yet been satisfactorily explained in the model.

Main differences
Model CR16AAMH presents a similar overall appearance for the entirety of central Gondwana when
compared with CR16AAJJ (which was the current model during my visit to Brazil) but is somewhat less tight
in the South Atlantic and off the coastline of Mozambique (Figure 4). The size of the difference between the
two is perhaps a measure of the uncertainty in many aspects of the model, though it is felt that the newer fit
presents several defensible advantages over that presented previously at the cost of a rather less
satisfactory fit of Antarctica off Mozambique. The reconsideration of the Cretaceous Rift system of northern
Africa here is the first to be undertaken in the past five years and was long overdue. It is hoped it will prove
satisfactory to enable the digital geology of Africa assembled in the Gondwana project to be cut up into a
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Figure 4. Comparison between the Gondwana re-assembly models of
CR16AAMH (above) and CR16AAJJ (below).

small number of pieces that can each have its own tectonic movement without causing difficulties in
overlapping geological polygons. The work reported here has also given some valuable insights into the
likely mechanisms of the Cretaceous rift system.
The rotation parameters for the model are summarised in Table 1 where the differences when compared to
model CR16AAJJ are highlighted for convenience. Adjustments of the model will, of course, continue where
persuasive evidence makes such changes defensible.
A local study of the Cretaceous tectonics of the Borborema province and extended into Nigeria and
Cameroon is recommended to see if the model suggested here is supported or refuted by local field
evidence.
Colin Reeves
Delft, 2016 November 28.
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Table 1: Euler interval rotation poles, model CR16AAMH
// Antarctica versus Africa
ANT-AFR

100 400

0.00

20.00

12.58 -43.60

1.53

CR14AAGD - Registration in the Scotia Sea

ANT-AFR

100 400

20.00

43.00

12.58 -43.60

5.52

CR14AAGD -

ANT-AFR

100 400

43.00

54.00

12.58 -43.60

3.10

CR14AAHC -

ANT-AFR

100 400

54.00

72.00 -43.16 -28.97

5.35

CR12AAGA - sigmoidal movement retimed to match triplet in Indian O.

ANT-AFR

100 400

72.00

83.64

15.50 -39.56

4.56

CR13AAEC - Anomaly 34 fits.

ANT-AFR

100 400

83.64 100.87

15.50 -39.56

7.94

ANT-AFR

100 400 100.87 124.00 -15.15

-8.76

16.00

ANT-AFR

100 400 124.00 127.61 -33.52

-8.60

3.00

ANT-AFR

100 400 127.61 140.00 -23.02

0.63

8.50

CR16AAEL - enough rotation to close Madinda line at 140 Ma

ANT-AFR

100 400 140.00 151.40 -16.40 -32.61

4.00

CR16AAFE - M22 as a waypoint, single pole 140-165 Ma

ANT-AFR

100 400 151.40 165.00 -16.40 -32.61

2.46

CR16AAFE – single pole 140-165 Ma that follows the oldest FZs off ANT

ANT-AFR

100 400 165.00 182.70

16.88

90.17

-2.89

ANT-AFR

100 400 182.70 555.00

90.0

0.0

0.00

CR13AAEI - new calculation
CR14AADD - follow rifted margin off ANT more closely until 'sidestep'
CR14AADE - better 'Aptian sidestep’ back to K&J 2010 at 127.61 Ma

CR16AAMA - close with pole common to MAD.
CR14AAEI - new starting time for break-up a la JT.

// India versus Antarctica – no change
IND-ANT

300 100

0.00

47.00

14.61

32.06 -25.00

IND-ANT

300 100

47.00

63.00

7.86

2.52 -20.20

CR12AANA - Revise Regime 4 triplet closure '12 dec 9
CR13AAIA - to fit Somalia, Antarctica

IND-ANT

300 100

63.00

78.00

7.86

2.52 -19.75

CR14AAJA - same speed 63-88 Ma

88.00

7.86

2.52 -13.16

and triplet at 75 MA

IND-ANT

300 100

78.00

IND-ANT

300 100

88.00 100.87

14.70 -34.51

-6.00

CR16AAJJ – undo what ANT vs AFR does in this interval

IND-ANT

300 100 100.87 120.00 -34.85 -16.27

-8.62

CR16AAJI - get IND back to where we want it at 120 Ma (AAGE)

IND-ANT

300 100 120.00 124.00 -48.60

16.19

-3.20

CR16AACH - IND stays still wrt MAD in this interval

IND-ANT

300 100 124.00 140.00 -60.47

33.95 -11.00

IND-ANT

300 100 140.00 555.0

90.0

CR14AAJA - back to more southerly position at 88 Ma

CR16AAGA – IND closed to ANT with PC geology more parallel

0.0

0.0

CR12AAEO - IND fixed to ANT for good

8.14

0.3

CR16AABF - EAR wrt AFR ... MAD does same as SOM

0.0

0.00

CR14AADF - MAD fixed until Aptian

// Madagascar versus Africa
MAD-AFR

401 400

MAD-AFR

401 400

0.00

20.00 -21.66

MAD-AFR

401 400 120.00 139.00

MAD-AFR

401 400 139.00 151.40 -19.27 -28.22

MAD-AFR

401 400 151.40 165.00 -16.00

MAD-AFR

401 400 165.00 182.70

16.88

MAD-AFR

401 400 182.70 250.00

90.0

MAD-AFR

401 400 250.00 300.00

MAD-AFR

401 400 300.00 555.00

20.00 120.00

90.0
-8.86

8.30
90.0

74.65 -16.00

CR16AAEM – DFZ works faster so that MAD not o'taken by IND

4.41

CR16AAEH - M22 (Somalia) as a waypoint.

-4.33

3.04

CR16AAFA - pole that follows the oldest FZs off ANT

90.17

-2.89

0.0

0.0

64.12

-2.63

0.0

0.00

CR16AAJL - same pole as ANT-AFR; fit the Bur Acaba ellipse?
CR12AAIE - MAD fixed between Karoo and break-up
CR12AAIF - small opening for Karoo
CR12AACQ - MAD fixed to AFR before the Karoo

// Seychelles versus Madagascar - adjusted in CR16AAJI
SEY-MAD

402 401

0.00

64.00

SEY-MAD

402 401

64.00

88.00

90.0

SEY-MAD

402 401

88.00 120.00

SEY-MAD

402 401 120.00 140.00

-7.94

SEY-MAD

402 401 140.00 555.00

90.0

1.99
90.0

0.0

0.00

39.84 -28.00
0.0

0.00

49.45 -16.00
0.0

0.0

** seychelles fixed to MAD
CR16AAJA - Seychelles to Mad in one new motion
CR16AAJD - fixed to Mad after Aptian sidestep
CR16AAJD - follows IND in this interval
CR16AAMA - Seychelles fixed to MAD

// Sri Lanka versus India – no change
SRI-IND

301 300

SRI-IND

301 300 114.00 122.00

0.00 114.00

90.0
9.67

80.86 -29.0

CR16AACL - later start to avoid o'lap with ANT

SRI-IND

301 300 122.00 140.00

9.22

69.77

8.56

CR16AAGB – PC geology better parallel

SRI-IND

301 300 140.00 555.00

0.0

CR16AACJ - fitted to India as with CR15GSCB

90.0

0.0

0.0

0.0

CR13AABO - inner ghost fitted to Gunnerus

// South America versus Africa – included for first time
SAM-AFR

500 400

0.00

46.3

56.95 -31.15

19.107

CR14AAGC - from Torsvik et al 2008

SAM-AFR

500 400

0.00

65.6

63.88 -33.61

24.755

CR14AAGC - from Torsvik et al 2008

SAM-AFR

500 400

0.00

83.5

61.88 -34.26

33.512

CR14AAGC - from Torsvik et al 2008

SAM-AFR

500 400

83.50 122.0

33.94 -23.38

20.00

CR16AAKH - from CR16AAKK

SAM-AFR

500 400 122.00 136.00

10.55

2.33

8.042

CR16AAMC - close the Benue as well

SAM-AFR

500 400 136.00 555.00

90.0

0.0

0.0

CR14AAEB – SAM fitted to AFR
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// NW Africa (430 + 432 + 433 + 434) – included for the first time
430-438

430 438

430-438

430 438 122.00 136.00

0.00 122.00

430-438

430 438 136.00 555.00

90.0
4.38
90.0

0.0

0.0

## 430 fixed to rest of Africa - reev516m

13.64

4.7

CR16AAMD - to fit revised SAM-AFR fit

0.0

0.0

## 431 fixed to 430 - reev600f

//
// NE Africa / Nubia (437) – included for first time
437-438

437 438

437-438

437 438 122.00 136.00 -14.33

0.00 122.00

90.0

437-438

437 438 136.00 555.00

90.0

0.0

0.0

CR16AAJO - now fixed

43.13

2.35

CR16AALG - from new Sth Atlantic fit

0.0

0.0

CR14AAAA - Cent Afrrican Rift moves ONLY pre-Aptian

//
// Red Sea rifting - Arabia (412) versus Africa – included for first time
ARA-AFR

412 438

ARA-AFR

412 438

0.00

35.00

ARA-AFR

412 438 122.00 136.00 -6.86

ARA-AFR

412 438 136.00 555.00

35.00 122.00

32.14
90.0

90.0

26.62

-7.73

0.0

0.0

CR16AAJQ - new re-think of Red Sea
CR16AAJR - does it all during EAR activity

36.15

3.83

CR16AAMF - tweak after new cut of Africa

0.0

0.0

CR16AAJR

//
// Ethiopia (441) – included for first time
441-438

441 400

441-438

441 400 122.00 136.00 -6.86

0.00 122.00

90.0

441-438

441 400 136.00 555.00

90.0

0.0

0.0

CR13AAJJ - Ethiopia fixed to Nubia

36.15

3.83

CR16AAMF - Tweak after new cut of Africa

0.0

0.0

CR13AAJJ - Ethiopia fixed to Nubia

//
// Rifting Somalia (442) versus Africa (400) – included for first time
442-400

442 400

442-400

442 400

0.00

35.00

442-400

442 400 122.00 136.00 -6.86

442-400

442 400 136.00 555.00

20.00 122.00

-0.10

33.87

2.7

90.0

0.0

0.0

CR14AAAC - Somalia fixed to AFR pro tem

36.15

3.83

CR16AAMF - Tweak after new cut of Africa

0.0

CR16AABG - Somalia in 'fit' position

90.0

0.00

CR16AAJR - after new fit of Red Sea

//
// Sudd Block (440) versus Congo (438/400) – included for first time
440-438

440 438

90.0

0.0

0.0

440-438

440 438 122.00 136.00

0.00 122.00

-6.86

36.15

3.0

## Sudd fixed to Africa - reev516i
CR16AALH - Sudd block does less than half east

440-438

440 438 136.00 555.00

90.0

0.0

0.0

## Sudd fixed to Africa - reev516i

//
// Northern Cameroon fragments – included for first time
435-438

435 438

435-438

435 438 120.00 136.00

0.00 128.00

65.19 -89.60

90.0

0.0

0.8

0.0

CR16AAMH - move NW Congo later

435-438

435 438 136.00 555.55

90.0

0.0

CR16AAME - fixed until the PanAfrican

0.0

CR16AAME - 2016 Nov 21; adjust NW Congo

//
// Hawal massif (436) – included for first time
436-435

436 435

436-435

436 435 128.00 136.00

0.00 125.00

436-435

436 435 136.00 555.00

90.0
6.55
90.0

0.0
12.28
0.0

0.0
24.0
0.0

## cr10aaag - 436 fixed to 435
CR16AAME - Hawal massif goes east, new timing
## cr10aaag - 436 remains fixed to 435

CVR
Delft, 2016 November 28
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