Geological Society, London, Special Publications

The formation and evolution of Africa from the Archaean to
Present: introduction

Douwe J. J. Van Hinsbergen, Susanne J. H. Buiter, Trond H. Torsvik, et al.

Geological Society, London, Special Publications 2011; v. 357; p. 1-8
doi: 10.1144/SP357.1

Email alerting click here to receive free e-mail alerts when new
service articles cite this article

Permission click here to seek permission to re-use all or part of
request this article

Subscribe click here to subscribe to Geological Society,

London, Special Publications or the Lyell Collection

Notes

Downloaded by on October 14, 2011

© The Geological Society of London Lyell
2011


http://sp.lyellcollection.org/cgi/alerts
http://www.geolsoc.org.uk/gsl/publications/page417.html
http://sp.lyellcollection.org/site/subscriptions/

The formation and evolution of Africa from the Archaean to Present:
introduction

DOUWE I. J. VAN HINSBERGEN'-2#, SUSANNE J. H. BUITER!>3, TROND
H. TORSVIK!234 CARMEN GAINA!23 & SUSAN J. WEBB*

1Physics of Geological Processes, University of Oslo, Sem Scelands vei 24,
NO-0316 Oslo, Norway

2Center for Advanced Study, Norwegian Academy of Science and Letters,
Drammensveien 78, 0271 Oslo, Norway

3Centre for Geodynamics, Geological Survey of Norway (NGU), Leiv Eirikssons vei 39,
7491 Trondheim, Norway

4School of Geosciences, University of the Witwatersrand, WITS 2050 Johannesburg,
South Africa

*Corresponding author (e-mail: d.v.hinsbergen@fys.uio.no)

The African continent preserves a long geological
record that covers almost 75% of Earth’s history.
The Pan-African orogeny (c. 600—500 Ma) brought
together old continental kernels (or cratons such as
West African, Congo, Kalahari and Tanzania)
forming Gondwana and subsequently the superconti-
nent Pangea by the late Palaeozoic (Fig. 1).

The break-up of Pangea since the Jurassic and
Cretaceous, primarily through the opening of the
Central Atlantic (e.g. Torsvik er al. 2008; Labails
et al. 2010), Indian (e.g. Gaina et al. 2007; Miiller
et al. 2008; Cande et al. 2010) and South Atlantic
(e.g. Torsvik et al. 2009) oceans and the compli-
cated subduction history to the north gradually
shaped the African continent and its surrounding
oceanic basins. Many first-order questions of
African geology are still unanswered. How many
accretion phases do the Proterozoic belts represent?
What triggers extension and formation of the East
African Rift on a continent that is largely sur-
rounded by spreading centres and, therefore,
expected to be mainly in compression? What is
the role of shallow mantle and edge-driven convec-
tion (King & Ritsema 2000)? What are the sources
of the volcanic centres of Northern Africa (e.g.
Tibesti, Dafur and Afar) and can they be traced to
the lower mantle? Is the elevation of Eastern and
Southern Africa caused by mantle processes?
What is the formation mechanism of intracratonic
sedimentary basins, such as the Taoudeni Basin on
the West African Craton and the Congo Basin
(e.g. Hartley & Allen 1994; Giresse 2005)? How
do sedimentation and tectonics interact (Burke &
Gunnell 2008)? Can we reconstruct this elevation
and its impact on climate evolution (e.g. Wichura
et al. 2011)?

This special volume contains 18 original contri-
butions about the geology of Africa. It celebrates
African geology in two ways. First, it celebrates
multidisciplinary Earth Science research, highlight-
ing the formation and evolution of Africa from 18
different angles. Second, this volume celebrates
the work of Kevin Burke and Lewis Ashwal. We
hope that this ‘Burke and Ashwal’ volume portrays
the wide range of interests and research angles that
have characterized these two scientists throughout
their careers working in Africa and studying
African geology (Ashwal & Burke 1989; Burke
1996; Burke et al. 2003).

Content of the volume

This volume focuses on the formation of Africa as a
coherent continent, from the formation of some of
the oldest continental crust known today in the
Kaapvaal Craton (de Wit et al. 1992) to billions of
years of collisions and arc-accretions, amalgamat-
ing these old continental fragments (Hoffman
1991; Stern 1994; Zhao et al. 2002; Torsvik 2003)
into Gondwana and the supercontinent Pangea.
The contributions in this volume cover most of the
African continent (Fig. 2), span >2 Ga of its
history and approach its complex history from a
geophysical, geological, geochemical and physical
geographical point of view.

In recent years, the importance of deep mantle
processes as a trigger for surface volcanism includ-
ing world-changing (?) Large Igneous Province
emplacement (Burke & Torsvik 2004; Burke
et al. 2008), diamond-bearing kimberlite formation
(Torsvik et al. 2010) and dynamic topography
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Fig. 1. Age of African crustal basement (after Gubanov & Mooney 2009). The ages are the time of crustal formation or

the time of thermal or tectonic crustal reworking.

(e.g. Lithgow-Bertollini & Silver 1998) has become
evident. Several contributions in this volume shed
new light on these processes and their geological
and environmental effects.

Part 1: The making of the African crust: The
Archaean—Palaeozoic phases

The first part of this volume covers the formation
of Africa from old cratons through assembly
in the Pan-African orogeny to the formation of
Gondwana.

Letts et al. (2011) provide new, high-quality
palaeomagnetic poles for ¢. 2 Ga old rocks from
the Kaapvaal Craton. By comparing their new
results with published information, they demon-
strate that the Kaapvaal Craton was not associated
with high rates of apparent polar wander during
the ¢. 2.1-1.9 Ga interval. Van Schijndel et al.
(2011) provide new detrital zircon data from sand-
stones in the Rehoboth province of Namibia that
identify three dominant periods of continental
crust formation: between 1.3-1.1, 2.0-1.8 and
3-2.7 Ga, the latter of which was previously
unknown. Key et al. (2011) report an extensive
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Fig. 2. Study areas covered in this volume.

geological survey of the basement rocks of Mada-
gascar, providing an overview of the five Archaean
to Proterozoic basement blocks that are recognized
on the island. They review the Neoproterozoic col-
lision and amalgamation history of the Madagascar
segment of the East Africa—Antarctica Orogen,
which was finalized during the Terminal
Pan-African Event 560-490 Ma ago. Wendorff
(2011) provides new insights into the history of
the Lufilian Arc, which formed as a result of the
Pan-African collision between the Kalahari and
Congo cratons. The structural and stratigraphic
evolution of this belt shows evidence for two pre-
viously unidentified rift and foreland basins. De
Wall et al. (2011) study the metamorphic and tec-
tonic history of the Terminal Pan-African Event in
Ethiopia. They provide new metamorphic and mag-
netic fabric data from the Central Steep Zone, a
transpressional belt that can be traced into Eritrea.
They argue that the deformation and metamorphism
in their study area results from closure of the
Mozambique Ocean and the final assembly of
Gondwana. Longridge et al. (2011) provide a
detailed structural geological and geochronological
study of the Central Zone of the Pan-African
Damara orogen in Namibia. They unravel a
history of crustal thickening, heating of the mid-
crust, exhumation and orogen-parallel extension
between c. 540 and 500 Ma. Torsvik & Cocks
(2011) provide nine new palaeogeographic maps

Torsvik & C'ocks

of Gondwana between 510 and 250 Ma. They
detail the locations of passive and active margins
around Gondwana throughout the Palaeozoic,
continental shelves, evaporite deposits, volcanism
and glaciations, including those affecting Africa
and Arabia.

Part 2: Africa since the break-up of Pangea:
The Mesozoic—Cenozoic phases

The papers in the second part discuss events from
the break-up of Pangea to the late Cenozoic.
During this time Africa moved relatively slowly
(Burke 1996). El Hachimi et al. (2011) focus their
attention on the Central Atlantic Magmatic Province
(CAMP) that was emplaced around 200 Ma. The
mantle plume that led to its emplacement probably
triggered Pangea dispersal (Burke & Dewey
1973). El Hachimi et al. (2011) study the mor-
phology, internal architecture and emplacement
mechanisms of CAMP lavas in the Argana Basin
of Morocco. They demonstrate that the emplace-
ment mechanisms are in line with continental
flood basalt facies models. Deenen et al. (2011)
take a stratigraphic approach to the CAMP, and
use magnetostratigraphic and cyclostratigraphic
techniques to correlate the Moroccan segment of
the CAMP to their counterparts on the NW side of
the Atlantic Ocean in Canada and the United
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States. They provide new age constraints and corre-
lations on the largest Large Igneous Province that
led to the break-up of Pangea and the formation of
Africa as a continent. Ruiz-Martinez et al. (2011)
provide a new palaeomagnetic pole for a c¢. 93 Ma
sedimentary section in SW Morocco, which forms
the first Turonian palaeopole for Africa. Given
their large dataset, they can correct their results for
compaction-induced shallowing of the inclination
and provide a reliable pole. They discuss their
results within the context of Africa’s apparent
polar wander path for the Cretaceous. Ganergd
et al. (2011) provide new palacomagnetic, U/Pb
and *°Ar/*°Ar data from continental flood basalts
on the Seychelles (Indian Ocean), demonstrating
an age range of ¢. 67—61 Ma. These ages are con-
sistent with an origin related to the Deccan traps
in India. Palacomagnetic results (after correction
for a vertical axis rotation) confirm that the last
Gondwana fragment (India and the Seychelles)
was split after this event, and the Seychelles micro-
continent became part of the African plate again.
Ayelew (2011) provides new Rb/Sr age determi-
nations of bimodal basalt—rhyolite volcanism of
¢. 20 Ma from Ethiopia, related to the continental
flood basalt province associated with the Afar
plume. Using Sr and Nd isotopic compositions, he
argues that the rhyolites formed due to fractional
crystallization of mantle-derived basaltic magmas
similar in composition to the exposed flood
basalts. Endress et al. (2011) study c. 24 Ma old
intraplate magmatism in Egypt and demonstrate
that their lavas are geochemically similar to those
of the Afar plume and to the subcrustal lithosphere.
They speculate that the basalts could be derived
from magmas that come from the edges of the
African Large Low Shear-wave Velocity Province
(LLSVP) at the core—mantle boundary and/or
from small-scale convection at the base of the
upper mantle. The Egyptian magmas found their
way to the surface utilizing incipient rift-related
structures of the Red Sea. Wichura er al. (2011)
address the notoriously difficult issue of the deter-
mination of palaeo-elevation of continental crust.
They provide an elegant analysis in which they
use the emplacement characteristics of a 350 km
long middle Miocene lava in Kenya to determine a
minimum slope required for its outflow. This
enables them to determine a minimum elevation of
the source region in Kenya in middle Miocene
times of 1400 m. Mahaney et al. (2011) provide a
unique, multidisciplinary analysis of 5.5-5.2 Ma
palaeosols preserved between lavas near Mt
Kenya. They use these palaeosols to infer the conti-
nental climate history of near-equatorial Africa
during the last 5 Ma, demonstrating generally dry
conditions during the late Miocene followed by
punctuated humid conditions during the Pliocene

and Quaternary. Capitanio et al. (2011) study the
Sirte Basin in northern Lybia, a peculiar extensional
domain that has historically been seismically active
and has experienced Pliocene extension. They
correlate this extensional deformation with the
contemporaneous Sicily Channel rift, and argue
that the strong slab-pull gradients of the subducted
African plate in the central Mediterranean region
have tectonic effects up to 1400 km south of the
subduction zone.

Part 3: Current state of the African crust
and lithosphere

The last two papers of this volume use gravity and
seismic data to provide an image of the present-day
state of the African lithosphere and upper mantle.
Braitenberg ef al. (2011) use high-precision global
gravity models to provide images of a sub-Saharan
lithospheric structure in Chad. They argue that this
structure is probably a metamorphic or magmatic
belt within the Saharan Megacraton. Fishwick &
Bastow (2011) provide a review of seismological
observations of the African lithosphere and upper
mantle, providing an observational basis for the
testing of geodynamical modelling studies that
aim to explain Africa’s complex topography. They
discuss their overview within the context of the
African LLSVP, small-scale convection and the
role of the sublithospheric mantle.

African geology through the eyes of Kevin
Burke and Lewis Ashwal

Kevin Charles Antony Burke was born on 13
November 1929 in London (England). He attended
University College London, where he earned a
BSc in 1951 and a PhD two years later. For two
decades (1961-1981), Kevin held university teach-
ing and research positions in Ghana, Korea,
Jamaica, Nigeria, the United States and Canada.
He met and worked with Tuzo Wilson at the Univer-
sity of Toronto in the early 1970s (Burke & Wilson
1972; Wilson & Burke 1972), an obvious turning
point in Kevin’s career. Since 2002 he has been an
Honorary Professor at the School of Geosciences
at the University of the Witwatersrand where he
has been teaching plate tectonics and African
geology during their winter months, and he still
teaches at the University of Houston, Texas.

Kevin has made fundamental and lasting contri-
butions to our understanding of the origin and evol-
ution of the lithosphere on Earth and other planets.
His influence has been grand and global in its
reach and, as a synthesizer of global geology and
global geological processes, Kevin has few peers.
It is almost impossible to quantify the breadth of
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his innovation and knowledge from the oldest rem-
nants in the Archaean to those ongoing today. It was
Kevin Burke who coined the term ‘Wilson Cycle’
for the succession of continental rifting, subsidence
and ocean opening, initiation of subduction and
ocean closure and eventual continent—continent
collision. Kevin was a pioneer in suggesting that
Precambrian orogens like the Grenville are the
eroded products of Himalayan-style collisions
(Dewey & Burke 1973; Burke et al. 1976a). He
was the first to propose that the Archaean auriferous
Witwatersrand sedimentary sequence is a foreland
basin (Burke et al. 1986). He also proposed in the
early 1970s that greenstone belts, present in nearly
all Archaean regions, are allochthonous volcano-
sedimentary packages originally formed as mar-
ginal basins, ocean islands and arcs and were later
thrust onto older continents (Burke et al. 1976b).
Kevin Burke never stops to amaze the Earth
Science community with his innovative and provo-
cative ideas. Over the last eight years he has
re-energized his long-lasting interest in mantle
plumes. In 2004 Kevin discovered that large
igneous provinces from the past 200 million years
must have originated as plumes from the edges of
the LLSVPs near the core-mantle boundary (Burke
& Torsvik 2004; Burke et al. 2008). This surprising
observation implies that deep-mantle heterogene-
ities have not changed much for hundreds of
millions of years. Recognizing long-term stability
of lower-mantle structures and the corresponding
parts of the gravity field also fundamentally influ-
ences our thinking of how the Earth’s moment of
inertia and rotation may have changed over geologi-
cal times (Steinberger & Torsvik 2010).

Lewis David Ashwal was born on 16 November
1949 in New York City (USA) and earned a PhD
from Princeton University in 1979. The topic of
Lew’s PhD thesis was petrogenesis of massif-type
anorthosites (Ashwal 1982; Ashwal & Wooden
1983) and he would later become the world leader
in the understanding of the origin of anorthosites,
a subject of heated theoretical debate for many
decades (Ashwal & Burke 1989; Ashwal 1993).
Lew’s first position from 1978-1980 was post-
doctoral research associate at NASA, Johnson
Space Center, followed by 9 years as staff scientist
at the Lunar and Planetary Institute in Houston.
During the Lunar and Planetary Institute period
(1980-1989), Lew clearly interacted with his boss
(Kevin) but they only wrote one paper together,
which was on the topic of African lithospheric
structure, volcanism and topography (Ashwal &
Burke 1989).

Lew has made fundamental contributions to pet-
rology, mineralogy and geochemistry of anorthosite
and related rocks, layered mafic intrusions, origin
and evolution of planetary crusts, Precambrian

geological history, origin of magmatic ore deposits,
the role of fluids in igneous and metamorphic pro-
cesses, meteorites and their parent bodies, abun-
dance and distribution of crustal radioactivity,
thermal and petrologic aspects of granulite meta-
morphism, geology of Madagascar and other
Indian Ocean continental fragments and the
Rodinia supercontinent and Gondwana assembly
and break-up.

Meteorites and their parent bodies occupied
Lew’s mind in the late 1970s and early 1980s. In a
1981 groundbreaking paper Chuck Wood and Lew,
by the process of elimination, suggested that mete-
orites of the so-called SNC group (Shergottites—
Nakhlites—Chassignites) were derived from a
differentiated planetary body, most likely Mars
(Wood & Ashwal 1981). The difficulty of blasting
material off a planetary surface and into an Earth-
crossing orbit made planets such as Venus and
Mercury unlikely sources, and chemical compari-
sons with Lunar samples (collected by the Apollo
missions) also eliminated the moon as a potential
source; Mars remained the only viable possibility.
Lew and colleagues published a follow-up manu-
script in 1982 where they demonstrated that petrolo-
gic, geochemical and isotopic evidence were
inconsistent with an asteroidal origin and concluded
that Mars remained the most likely parent body for
SNC meteorites; they were later proven correct
(Ashwal et al. 1982).

In 1990, Lew became Professor of Geology at
the Rand Afrikaans University (RAU), Johannes-
burg, South Africa. He served RAU with distinction
for more than 10 years, but in 2001 he moved across
the road to the School of Geosciences at the Univer-
sity of the Witwatersrand, where he is an enduring
Professor and Director of the African Lithosphere
Research Unit. Lew has written several books and
hundreds of scientific papers, reports and essays;
listing all of his contributions to geology is undo-
able. We would be negligent if we did not mention
Lew’s genuine passion for Africa, not only for her
geology but also for her inhabitants; as an educator
Lew is legendary.

Lew and Kevin have remained friends and col-
leagues since the Lunar and Planetary Institute
days in the 1980s. They still work, converse and pas-
sionately argue with each other. Both have enjoyed
great scientific success in diverse scientific fields.
They have collaborated on projects probing into
the world’s oldest rocks, the deep continental crust
and global characterization of the ancient continents
and lithosphere. Joint papers cover diverse subjects
such as characterization of terrestrial anorthosites,
lithospheric delamination on Earth and Venus,
African lithosphere structure and volcanism, identi-
fication of old sutures guided by deformed alka-
line rocks and carbonatites, Proterozoic mountain
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building and, most recently, plumes from the
deepest mantle (Ashwal & Burke 1989; Burke
et al. 2003, 2007; Leelanandam et al. 2006;
Ashwal er al. 2007; Torsvik et al. 2010). Many
more papers are likely to appear in the coming
years and we wish them a happy 140th birthday.

This volume was initiated at a conference held in Johan-
nesburg, South Africa in November 2009, honouring the
work of Kevin Burke and Lewis Ashwal. We thank all con-
ference participants for their contributions and stimulating
discussions. We thank the Geological Society Publishing
House and especially Tamzin Anderson, Angharad Hills
and Randell Stephenson for their help with the publication
of this volume. The editors appreciate financial support
from Statoil for ‘The African Plate’ project.

References

AsawaL, L. D. 1982. Mineralogy of mafic Fe-Ti
oxide-rich differentiates of the Marcy anorthosite
massif, Adirondacks, New York. American Mineralo-
gist, 67, 14-217.

ASHWAL, L. D. 1993. Anorthosites. Minerals and Rocks
21, Springer-Verlag, Berlin.

ASHWAL, L. D. & WoODEN, J. L. 1983. Isotopic evidence
from the eastern Canadian shield for geochemical dis-
continuity in the proterozoic mantle. Nature, 306,
679-680.

AsHWAL, L. D. & BURKE, K. 1989. African lithospheric
structure, volcanism, and topography. Earth and
Planetary Science Letters, 96, 8—14.

ASHWAL, L. D., WARNER, J. L. & Woob, C. A. 1982. SNC
meteorites: evidence against an asteroidal origin.
Journal of Geophysical Research, 87 (Supplement),
A393-A400.

ASHWAL, L. D., ARMSTRONG, R. A. ET AL. 2007. Geochro-
nology of zircon megacrysts from nepheline-bearing
gneisses as constraints on tectonic setting: implications
for resetting of the U-Pb and Lu-Hf isotopic systems.
Contributions to Mineralogy and Petrology, 153,
389-403.

AYELEW, D. 2011. The relations between felsic and mafic
volcanic rocks in continental flood basalts of Ethiopia:
Implication for the thermal weakening of the crust. In:
VAN HINSBERGEN, D. J. J., BUITER, S. J. H., TORSVIK,
T. H., GaiNa, C. & WEBB, S. J. (eds) The Formation

and Evolution of Africa: A Synopsis of 3.8 Ga of

Earth History. Geological Society, London, Special
Publications, 357, 253-264.

BRAITENBERG, C., MARIANI, P., EBBING, J. & SPRLAK, M.
2011. The enigmatic Chad lineament revisited with
global gravity and gravity gradient fields. In: VAN
HINSBERGEN, D. J. J., BUITER, S. J. H., TORSVIK,
T. H., GaiNa, C. & WEBB, S. J. (eds) The Formation

and Evolution of Africa: A Synopsis of 3.8 Ga of

Earth History. Geological Society, London, Special
Publications, 357, 329-341.

BURKE, K. 1996. The African plate. South African Journal
of Geology, 99, 341-409.

BURKE, K. & WiLsoN, J. T. 1972. Is the African plate
stationary? Nature, 239, 387-390.

BURKE, K. & DEWEY, J. F. 1973. Plume-generated triple
junctions — key indicators in applying plate tectonics
to old rocks. Journal of Geology, 81, 406—433.

BurkE, K. & Torsvik, T. H. 2004. Derivation of large
igneous provinces of the past 200 million years from
long-term hetergeneities in the deep mantle. Earth
and Planetary Science Letters, 227, 531-538.

BURKE, K. & GUNNELL, Y. 2008. The African erosion
surface: a continental-scale synthesis of geomorphol-
ogy, tectonics, and environmental change over the
past 180 million years. Geological Society of
America Memoir, 201, 1-66.

BURKE, K., DEWEY, J. F. & Kipp, W. S. F. 19764. Precam-
brian palaeomagnetic results compatible with contem-
porary operation of the Wilson cycle. Tectonophysics,
33, 287-299.

BURKE, K., DEWEY, J. F. & Kipp, W. S. F. 19765. Domi-
nance of horizontal movements, arc and microconti-
nental collisions during the later permobile regime.
In: WINDLEY, B. F. (ed.) The Early History of the
Earth. John Wiley & Sons, New York, 113-129.

BURKE, K., KipDp, W. S. F. & Kusky, T. M. 1986. Archean
Foreland basin tectonics in the Witwatersrand, South
Africa. Tectonics, 5, 439-456.

BURKE, K., ASHWAL, L. D. & WEBB, S. J. 2003. New way
to map old sutures using deformed alkaline rocks and
carbonatites. Geology, 44, 391-394.

BURKE, K., ROBERTS, D. & AsHwAL, L. 2007. Alkaline
rocks and carbonatites of northwestern Russia and
northern Norway: linked Wilson cycle records extend-
ing over two billion years. Tectonics, 26, TC4015, doi:
10.1029/2006TC002052.

BuURrkE, K., STEINBERGER, B., Torsvik, T. H. &
SMETHURST, M. A. 2008. Plume generation zones at
the margins of large low shear velocity provinces on
the core—mantle boundary. Earth and Planetary
Science Letters, 265, 49—60.

CANDE, S. C., PATRIAT, P. & DYMENT, J. 2010. Motion
between the Indian, Antarctic and African plates in
the early Cenozoic. Geophysical Journal Inter-
national, 183, 127-149.

CapiTanio, F. A., Faccenna, C., FuniciELLo, F. &
SaLving, F. 2011. Recent tectonics of Tripolitania,
Libya: an intraplate record of Mediterranean subduc-
tion. In: VAN HINSBERGEN, D. J. J., BUITER, S. J. H.,
Torsvik, T. H., GaINA, C. & WEBB, S. J. (eds) The
Formation and Evolution of Africa: A Synopsis of
3.8 Ga of Earth History. Geological Society, London,
Special Publications, 357, 319-328.

DE WALL, H., DIETL, C., JUNGMANN, O., ASHENAFI, T. T.
& PanpiT, M. K. 2011. Tectonic evolution of the
‘Central Steep Zone’, Axum area, northern Ethiopia:
inferences from magnetic and geochemical data. In:
VAN HINSBERGEN, D. J. J., BUITER, S. J. H., TORSVIK,
T. H., Gana, C. & WEBB, S. J. (eds) The Formation
and Evolution of Africa: A Synopsis of 3.8 Ga of
Earth History. Geological Society, London, Special
Publications, 357, 85-106.

DE WiIT, M. J.,, DE RONDE, C. E. J. ET AL. 1992. Formation
of an archaean continent. Nature, 357, 553-562.

DEENEN, M. H., LANGEREISs, C. G., KRuGsMAN, W., EL
HacHimi, H. & CHELLAL E. H. 2011. Palacomagnetic
results from Upper Triassic red beds and CAMP lavas
of the Argana basin, Morocco. In: VAN HINSBERGEN,



INTRODUCTION 7

D.J.J., BUITER, S. J. H., Torsvik, T. H., GAINA, C. &
WEBB, S. J. (eds) The Formation and Evolution of
Africa: A Synopsis of 3.8 Ga of Earth History. Geo-
logical Society, London, Special Publications, 357,
195-209.

DEWEY, J. F. & BURKE, K. 1973. Tibetan, variscan and
precambrian basement reactivation: product of conti-
nental collision. Journal of Geology, 81, 683—692.

EL HacHimi, H., Yousli, N. ET AL. 2011. Morphology,
internal architecture and emplacement mechanisms
of lava flows from the Central Atlantic Magmatic Pro-
vince (CAMP) of Argana basin (Morocco). In: VAN
HINSBERGEN, D. J. J., BUITER, S. J. H., TORSVIK,
T. H., GAINA, C. & WEBB, S. J. (eds) The Formation
and Evolution of Africa: A Synopsis of 3.8 Ga of
Earth History. Geological Society, London, Special
Publications, 357, 167—193.

ENDRESS, C., FURMAN, T., ABU EL-Rus, M. A. & HANAN,
B. B.2011. Geochemistry of 24 Ma basalts from north-
east Egypt: Source components and fractionation
history. In: VAN HINSBERGEN, D. J. J., BUITER,
S. J. H., Torsvik, T. H., GaiNa, C. & WEBB, S. J.
(eds) The Formation and Evolution of Africa: A Synop-
sis of 3.8 Ga of Earth History. Geological Society,
London, Special Publications, 357, 265-283.

Fisuwick, S. & Bastow, I. R. 2011. Towards a better
understanding of African topography: A review of
passive-source seismic studies of the African crust
and upper mantle. /n: VAN HINSBERGEN, D. J. J,
BUITER, S. J. H., Torsvik, T. H., GAINA, C. & WEBB,
S. 1. (eds) The Formation and Evolution of Africa: A
Synopsis of 3.8 Ga of Earth History. Geological
Society, London, Special Publications, 357, 343-371.

GAINA, C., MULLER, R. D., BROWN, B., ISHIHARA, T. &
IvaNov, S. 2007. Breakup and early seafloor spreading
between India and Antarctica. Geophysical Journal
International, 170, 151-170.

GANER@D, M., TorsVIK, T. H. ET AL. 2011. Palaeoposition
of the Seychelles microcontinent in relation to the
Decan Traps and the Plume Generation Zone in late
Cretaceous—early Palacogene time. /n: VAN HINSBER-
GEN, D. J. ], BuITER, S. J. H., Torsvik, T. H.,
GAINA, C. & WEBB, S. J. (eds) The Formation and
Evolution of Africa: A Synopsis of 3.8 Ga of Earth
History. Geological Society, London, Special Publi-
cations, 357, 229-252.

GIRESSE, P. 2005. Mesozoic-Cenozoic history of the congo
basin. Journal of African Earth Sciences, 43,301-315.

GUBANOV, A. P. & MOONEY, W. D. 2009. New global geo-
logical maps of crustal basement age. Eos transactions,
AGU, 90, Fall Meet. Suppl, Abstract T5S3B-1583.

HARTLEY, R. W. & ALLEN, P. A. 1994. Interior cratonic
basins of Africa: relation to continental break-up and
role of mantle convection. Basin Research, 6,95—113.

HorrMAN, P. F. 1991. Did the breakout of Laurentia turn
Gondwanaland inside-out? Science, 252, 1409-1412.

Key, R. M., PITFIELD, P. E. J. ET AL. 2011. Polyphase
Neoproterozoic orogenesis within the East Africa—
Antarctica Orogenic Belt in central and northern
Madagascar. In: VAN HINSBERGEN, D. J. J., BUITER,
S. J. H., Torsvik, T. H., GaiNaA, C. & WEBB, S. J.
(eds) The Formation and Evolution of Africa: A Synop-
sis of 3.8 Ga of Earth History. Geological Society,
London, Special Publications, 357, 49—68.

KING, S. D. & RITSEMA, J. 2000. African hot spot volcan-
ism: small-scale convection in the upper mantle
beneath cratons. Science, 290, 1137-1140.

LABAILS, C., OLIVET, J. L., ASLANIAN, D. & ROEsT, W. R.
2010. An alternative early opening scenario for the
central Atlantic ocean. Earth and Planetary Science
Letters, 297, 355-368.

LEELANANDAM, C., BURKE, K., ASHWAL, L. D. & WEBB, S.
J. 2006. Proterozoic mountain building in peninsular
India: an analysis based primarily on alkaline rock dis-
tribution. Geological Magazine, 143, 195-212.

LETTS, S., TorsVIK, T. H., WEBB, S. J. & ASHWAL, L. D.
2011. New Palaeoproterozoic palacomagnetic data
from the Kaapvaal Craton, South Africa. In: VAN
HINSBERGEN, D. J. J., BUITER, S. J. H., TORSVIK,
T. H., GaiNa, C. & WEBB, S. J. (eds) The Formation
and Evolution of Africa: A Synopsis of 3.8 Ga of
Earth History. Geological Society, London, Special
Publications, 357, 9-438.

LiTHGOW-BERTOLLINI, C. & SILVER, P. G. 1998. Dynamic
topography, plate driving forces and the African super-
swell. Nature, 395, 269-272.

LoNGRIDGE, L., GiBsoN, R. L., KINNAIRD, J. A. &
ARMSTRONG, R. A. 2011. Constraining the timing of
deformation in the south-western Central Zone of
the Damara belt, Namibia (520-508 Ma). In: VAN
HINSBERGEN, D. J. J., BUITER, S. J. H., TORSVIK,
T. H., GaINA, C. & WEBB, S. J. (eds) The Formation
and Evolution of Africa: A Synopsis of 3.8 Ga of
Earth History. Geological Society, London, Special
Publications, 357, 107-135.

MAHANEY, W. C., BARENDREGT, R. W., VILLENEUVE, M.,
DosTAL, J., HAMILTON, T. S. & MILNER, M. W. 2011.
Late Neogene volcanics and interbedded palaeosols
near Mount Kenya. /n: VAN HINSBERGEN, D. J. J,
BUITER, S. J. H., Torsvik, T. H., GAINA, C. & WEBB,
S. 1. (eds) The Formation and Evolution of Africa: A
Synopsis of 3.8 Ga of Earth History. Geological
Society, London, Special Publications, 357, 301-318.

MULLER, R. D., SDROLIAS, M., GAINA, C. & ROEST, W. R.
2008. Age, spreading rates, and spreading asymmetry
of the world’s ocean crust. Geochemistry, Geophysics,
Geosystems, 9, Q04006, doi:10.1029/2007GC001743.

RuU1Z-MARTINEZ, V. C., PALENCIA-ORTAS, A., VILLALAIN,
J. J., McInTOSH, G. & MARTIN-HERNANDEZ, F. 2011.
Palacomagnetic and AMS study of the Tarfaya coastal
basin, Morocco: an early Turonian palaeopole for the
African plate. In: VAN HINSBERGEN, D. J. J., BUITER,
S. J. H., Torsvik, T. H., GaiNa, C. & WEBB, S. J.
(eds) The Formation and Evolution of Africa: A Synop-
sis of 3.8 Ga of Earth History. Geological Society,
London, Special Publications, 357, 211-227.

STEINBERGER, B. & Torsvik, T. H. 2010. Toward an
explanation for the present and past locations of the
poles. Geochemistry, Geophysics, Geosystems, 11,
QO6WO06.

STERN, R. J. 1994. Arc assembly and continental collision
in the neoproterozoic east African orogen: implications
for the consolidation of Gondwanaland. Annual
Review of Earth and Planetary Sciences, 22,319-351.

Torsvik, T. H. 2003. The Rodinia jigsaw puzzle. Science,
300, 1379-1381.

Torsvik, T. H. & Cocks, L. R. M. 2011. The Palacozoic
palaecogeography of central Gondwana. [n: VAN



8 D.J.J. VAN HINSBERGEN ET AL.

HINSBERGEN, D. J. J., BUITER, S.J. H., Torsvik, T. H.,
GaINA, C. & WEBB, S. J. (eds) The Formation and
Evolution of Africa: A Synopsis of 3.8 Ga of Earth
History. Geological Society, London, Special Publi-
cations, 357, 137-168.

Torsvik, T. H., MULLER, R. D., VAN DER Voo, R., STEIN-
BERGER, B. & GaAINA, C. 2008. Global plate motion
frames: toward a unified model. Reviews of Geophy-
sics, 41, RG3004, doi:10.1029/2007RG000227.

Torsvik, T. H., RoUssE, S., LABAILS, C. & SMETHURST,
M. A. 2009. A new scheme for the opening of the
South Atlantic Ocean and the dissection of an aptian
salt basin. Geophysical Journal International, 177,
1315-1333.

Torsvik, T. H., Burkg, K., WEBB, S., AsHwAL, L. &
STEINBERGER, B. 2010. Diamonds sampled by
plumes from the core-mantle boundary. Nature, 466,
352-355.

VAN SCHUNDEL, V., CORNELL, D. H., HOFFmaNN, K.-H. &
Frel, D. 2011. Three episodes of crustal development
in the Rehoboth Province, Namibia. /n: vAN HINSBER-
GEN, D. J. J., BUITER, S. J. H., TorsVik, T. H., GAINA,
C. & WEBB, S. J. (eds) The Formation and Evolution of
Africa: A Synopsis of 3.8 Ga of Earth History. Geo-
logical Society, London, Special Publications, 357,
27-48.

WENDORFF, M. 2011. Tectonosedimentary expressions of
the evolution of the Fungurume foreland basin in the
Lufilian Arc, Neoproterozoic—Lower Palaeozoic,
Central Africa. In: vAN HINSBERGEN, D. J. J.,
BUITER, S. J. H., Torsvik, T. H., GAINA, C. & WEBB,
S. J. (eds) The Formation and Evolution of Africa: A
Synopsis of 3.8 Ga of Earth History. Geological
Society, London, Special Publications, 357, 69—83.

WICHURA, H., BOUSQUET, R., OBERHANSLI, R., STRECKER,
M. R. & TRAUTH, M. 2011. The middle Miocene East
African Plateau: a pre-rift topographic model inferred
from the emplacement of the phonolitic Yatta lava
flow, Kenya. /n: VAN HINSBERGEN, D. J. J., BUITER,
S. J. H., Torsvik, T. H., GaiNaA, C. & WEBB, S. J.
(eds) The Formation and Evolution of Africa: A Synop-
sis of 3.8 Ga of Earth History. Geological Society,
London, Special Publications, 357, 285-300.

WILsoN, J. T. & BURKE, K. 1972. Two types of mountain
building. Nature, 239, 448—449.

Woop, C. A. & AsHWAL, L. D. 1981. SNC meteorites:
Igneous rocks from Mars? Proceedings of the 12th
Lunar and Planetary Science Conference, 1359—1375.

ZHAO, G., CAwWoOD, P. A., WILDE, S. A. & Sun, M. 2002.
Review of global 2.1-1.8 Ga orogens: implications for
a pre-Rodinia supercontinent. Earth-Science Reviews,
59, 179-204.



