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Editorial comment

The idea to organize an international conference on ‘Geoscientific Research in
Northeast Africa’ was suggested by a number of scientists during the last years.
Staff members of the ‘Special Research Project Arid and Semi-Arid Areas’ (SFB
69) of the Technical University of Berlin, one of the biggest research projects
engaged in Northeastern African geology, have responded to the proposals by
organizing a conference from June 17th to the 19th 1993 in Berlin.

Information on a compilation of extended abstracts was distributed to some 500
individuals, resulting in more than 100, mostly co-authored contributions at the end
of February 1993. The Organizing Committee decided that this abstract volume,
although initiated in connection with the Berlin conference, should also be open to
non-participants of the meeting.

The production of this volume in a few months was a difficult task, because
many of the papers arrived late, rendering the application of a normal review
process impossible. Many texts had to be reformatted and some had to be retyped
and corrected for English. However, it was often not possible to send the modified
texts to authors from countries, where the mail service is slow.

The contributions to this volume are generally closely oriented along the
thematic lines of the conference, thus providing a large amount of new data and
information on the topics of crustal accretion, intraplate dynamics, paleoclimate
and hydrology. The extended abstracts, although certainly not a substitute for a
comprehensive publication, nevertheless offered the opportunity for many re-
searchers to quickly spread new ideas and results of on-going research in Northeast
Africa in a condensed form.

We like to thank the publishing house Balkema for its cooperation and for the
extremely favourable financial conditions, which facilitated this fast distribution of
geoscientific information. We also like to thank G. Banks and A. Sama from the
secretarial office of SFB 69 for their technical assistance prior to printing.

Berlin, June 1993
U. Thorweihe
H. Schandeimeier

Xvil
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The Pan African Belt of Northeastern and Eastern Africa,
Madagascar, Southern India, Sri Lanka and East Antarctica:
Terrane amalgamation during formation of the Gondwana
Supercontinent

Alfred Kroner

Institutfur Geowissenschaften, Universitdt Mainz, Germany

The recently proposed SWEAT hypothesis (western North America, eastern Australia,
eastern Antarctica and perhaps southern India were connected in the late Precambrian and
broke apart some 740 Ma ago; Moores 1991, Dalziel 1991) implies that crustal accretion
and orogenic activity along a broad belt along the eastern margin of Africa in what has
traditionally been referred to as the Mozambique belt is the result of closure of the late
Precambrian Mozambique Ocean and collision of two large continental masses to form
East Gondwana (Fig. 1). The orogenic domain resulting from this accretion/collision
event extends from eastern Africa via Mozambique to southern India, Sri Lanka and East
Antarctica, and I examine this by briefly discussing segments of the Pan African domain
in these areas.

Northeast Africa (Egypt and Sudan)

In NE Africa and Arabia, the Pan African terrain is generally referred to as Arabian-
Nubian Shield (ANS) and consist to a large degree of juvenile crustal material accreted to
the ancient African margin during the period -900-700 Ma ago (Greenwood et al. 1980,
Kroner et al. 1987, Kroner et al. 1992a). Although terranes of continental affinity,
interpreted as microcontinents, were identified in the eastern part of the Arabian shield,
there is still juvenile Pan African material farther east into the Oman, and the eastern

Figure 1. Computer reconstruction of
the Eastern Australian (AUS),
Eastern Antarctica (EANT), southern
Indian (IND) and Laurentian (NAM)
cratons in the late Precambrian (from
Dalziel 1991).



margin of the accretionary domain is still not known.

In the Eastern Desert of Egypt, Sinai and southernmost Israel, Pan-African juvenile
island arc assemblages were formed between -640 and -800 Ma ago, and the River Nile
demarcates the approximate boundary between the juvenile and ancient, partly reworked,
African craton (Kroner et al. 1987). There has been much debate, largely based on Pb
isotopic data, on the involvement of older continental crust in the orogenic history of the
Eastern Desert of Egypt, but to date no pre-Pan African rocks have been identified. Some
of the best-liked candidates for this, the tonalitic, trond-hjemitic and granodioritic gneisses
at Hafafit are derived from composite I-type granitoids which were emplaced 677-700 Ma
ago as part of the island arc assemblage of this region. Other well layered tonalitic
gneisses in the Wadi Hodein region, also previously suspected to represent ancient base-
ment, have a similar age of 704+8 Ma.

Farther south, in the Red Sea Hills of the Sudan, several tectonostratigraphic terranes
were identified, mostly bounded by ophiolite-decorated suture zones (Kroner et al. 1987).
These are also made up of juvenile island arc material dating in age between -850 and
-700 Ma (Kroner et al. 1991), The westernmost terrains were accreted onto the Archaean
to early Proterozoic margin of Africa, and a zone of tectonic imbrication consisting of
young (-720 Ma) and old (-2300 Ma) rocks is exposed at the River Nile SW of Wadi
Haifa (Stem et al., this volume). This tectonic imbrication must have affected a broad
zone along the River Nile and led to considerable crustal thickening, culminating in gran-
ulite formation some 720 Ma ago as exposed at Sabaloka N or Khartoum (Kroner et al.
1986) and at Jabal Moya (Stem and Dawoud 1991). Technically fragmented ophiolite
sequences found in the above suture zones were dated between -730 Ma and -810 Ma
and correlate well with similar ophiolites in Saudi Arabia, thus permitting terrain recon-
struction accross the Red Sea (Kroner et al. 1992b).

Northeast Africa (Eritrea, Ethiopia and Somalia)

The juvenile Pan-African rock assemblage of northern Eritrea is essentially similar to
that found in the Tokar Terrane of the southern Red Sea Hills and consists largely of an
association of bimodal metavolcanic rocks, minor metasediments and pre- syn- and post-
tectonic granitoids (M. Teklay, pers. comm., 1993). Rocks with ophiolitic affinity have
so far not been reported. This assemblage is also broadly similar to late Precambrian
rocks of the so-called "Upper ComplexMxposed in western Ethiopia where age data range
from -830 to -540 Ma and where isotopic systematics suggest a juvenile origin with no
involvement of any older basement (Ayalew et al. 1990).

Farther E, in the Harrar region, strongly foliated gneisses of the "Middle" and
"Lower" complexes were previously considered to form a basement to the Pan-African
assemblage (Kazmin et al. 1976), but new age data indicate that these rocks constitute a
complex tectonic sequence including granitoid orthogneisses ranging in age from -650
Ma to -2490 Ma. Some of the Pan-African granitoid rocks contain xenocrystic zircons as
old as 2350 Ma and thus also document the existence of ancient continental crust in this
region (Teklay and Kroner, this volume). A very similar situation prevails in northern
Somalia where plutonic rocks intrude amphibolite-facies metasediments and gneisses of
unknown origin. A diorite S of Berbera contains a complex zircon population with a
euhedral magmatic variety (mean age 814+7 Ma) and corroded xenocrysts with ages
between 1730 and 1820 Ma. Granitoid gneisses in this region have primary crystallization
ages between -780 and -840 Ma and also contain zircon xenocrysts up to 1816 Ma in
age. These ages show that the northern Somalia and eastern Ethiopian basement is not a
juvenile Pan-African terrane but consists of early to mid-Proterozoic crust affected by late
Proterozoic magmatism broadly coeval with arc magmatism farther N in the ANS (Kroner
et al. 1987, 1992a).

Basement rocks in the Buur area of southern Somalia include high-grade igneous and
metasedimentary rocks of presumed early Proterozoic to Archaean age (Haider 1991),
intruded by Pan-African (-470-550 Ma) granitoids (Lenoir et al. 1991). I have a strong
suspicion that the granulites and migmatites exposed in this region are not Archacan but
Pan-African and reflect a similar setting as found in Sabaloka and Jabal Moya in the
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Sudan. The same goes for the high-grade Konso gneiss in southern Ethiopia which is
likely to be Pan-African, as already suspected by Davidson et al. (1973). Presumed
Archaean granitoid gneisses of the "Lower Complex" in southern Ethiopia are, in fact,
late Pan-African (Teklay and Kroner this volume). The age distribution in Ethiopia and
Somalia suggests that western and southern Ehtiopia is part of the predominantely
juvenile Pan-African terrane, and the high-grade rocks in these regions document sig-
nificant crustal thickening associated with accretion of this terrane with the African craton.
The rocks in eastern Ethiopia, northern Somalia and possibly southern Yemen include
early Proterozoic to Archaean crustal components with evidence of widespread Pan-
African magmatism. Perhaps this entire terrane is another microcontinent, like the Afif
terrane in Saudi Arabia.

East Africa (Kenya and Tanzania)

Recent work of Shackleton (1986, 1991) and Berhe (1990) has shown that virtually
the entire Mozambique belt (MB) from the edge of the Archaean Tanzania craton to the
east coast of Africa consists of suture-bounded terranes, and several ophiolite remnants
have been identified. The MS in Kenya and Tanzania has long been regarded as con-
sisting of ancient rocks overlain by late Precambrian sediments and reworked during the
Mozambique orogeny, possibly as a result of Himalaya-type continental collision (Burke
and Dewey 1972). However, to date no Archaean or early Proterozoic ages have been
reported from this region, and Nd model ages for rocks of the MB in north-central Kenya
are no older than ~900 Ma (Key et al. 1989). It is therefore likely, that the belt consists of
a tectonic collage which may include juvenile Pan-African arc-type terranes as well as
older microcontinental fragments. These fragments, if accreted broadly from E to W,
probably include crustal elements derived from the eastern margin of Antarctica (Dronning
Maud Land) if the SWEAT-model is correct.

Undated but Pan-African granulites exposed in central Kenya are probably part of a
broad zone of high-grade rocks extending from Sudan to Tanzania and farther S into
Malawi and reflect crustal thickening associated with the accretion event(s). In Tanzania,
these rocks have yielded a U-Pb zircon age of 715+36/-49 Ma which is interpreted to
reflect the granulite event (Maboko et al. 1985). If this interpretation is correct, then
granulite-formation was probably broadly contemporaneous from northern Sudan to
central Tanzania. However, it is also possible that the above zircon age dates the emplace-
ment of the volcanic granulite precursor, and the true age of granulite metamorphism is
then indicated by Pb-loss at 538+49/-35 Ma ago. The latter age is identical, within error,
with high-grade metamorphism in Madagascar, southern India and Sri Lanka.

Malawi

The age and geodynamic relationships of the various rock units in northern Malawi are
still uncertain due to the apparent superposition of three mobile belts, namely the
Ubendian, [rumide-Usagaran and Mozambique. Granulites of uncertain age occur in this
region, but are also found in central and southern Malawi, where they are ascribed to an
ill-defined 850-1100 Ma "Kibaran" event (Andreoli 1984). The granulites consist of para-
and orthogneisses, including chamockites, and the assignment of these rocks to the
Kibaran event is based solely on a few Rb-Sr analyses. No zircon ages are available. It is
therefore possible, that the age range reported by Andreoli (1984), in fact, reflects for-
mation of the granulite precursors, and that the high-grade metamorphism took place
much later during the Pan-African event as is also observed in Madagascar and Sri Lanka.

Madagascar
The Precambrian rocks of Madagascar occur in several tectono-metamorphic terranes
which are bounded by major shear zones and ophiolite belts ( Nicollet 1990; Windley

unpubl. maps). Madagascar has long been regarded as a classical case of reworking of
Archaean and Proterozoic rocks during the Pan-African event, and most of the high-grade
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rocks, including voluminous granulites, were considered to have formed during the Kiba-
ran event some 990-1260 Ma ago (Caen-Vachette 1979). Recent zircon and monazite
dating, in southern Madagascar, however, shows the granulite metamorphism to have
taken place some 560 Ma ago (Andriamarofahatra et al. 1990), and our own zircon dating
(in pro-gress) on melt patches from the same region confirms this date.

Southernmost India

The high-grade metamorphic assemblages of southernmost India consist of a variety of
granitoid gneisses, now largely chamockitized, and granulite-grade supracrustal units
dominated by metasediments. They have traditionally been correlated with the late Ar-
chaean granulites farther N in the Nilgiri Hills, but limited dating of these rocks conclu-
sively proves a Pan-African age around 550 Ma for this metamorphism (Hansen et al.
1985; Buhl 1987). The boundary between the Pan-African granulite domain and the Ar-
chaean granulite domain is not well defined at present but may coincide with one or sev-
eral of the major high-strain zones such as the Palghat-Cauvery shear belt (Kroner 1991).

Sri Lanka

The basement rocks of Sri Lanka can be subdivided into three terranes characterized by
distinct rock assemblages and isotopic characteristics (for details see Raith and Hoemes
1993). The central granulite terrain, known as Highland Complex (HC), consists of
complexly deformed supracrustal rocks deposited some 2 Ga ago on an unknown base-
ment and intruded by granitoids ranging in age between 650 Ma and 1940 Ma. The
northwestern terrane, known as Wanni Complex, (WC) also consists of supracrustal
rocks but these are not older than -1400 Ma and were intruded by granitoids some 740 to
1100 Ma ago. Both the HC and WC were subjected to granulite metamorphism some
550-560 Ma ago, as documented by numerous zircon ages. The eastern terrain, known as
Vijayan Complex (VC) consists almost exclusively of 1000-1030 Ma old amphibolite-
grade I-type granitoid gneisses with island-arc chemical affinity and occurs in thrust
contact with the HC. Earlier suggestions for high-grade metamorphism at -2 and -1 Ga in
Sri Lanka could not be confirmed, and the Sri Lankan basement experienced its main
evolution during a Pan-African collision event when the VC was amalgamated with the
HC along a major suture zone, and crustal stacking transferred the HC and WC to lower
crustal levels (Kroner 1991, Kroner et al. 1993).

The similarity in rocks types, deformation and metamorphism suggests Sri Lanka,
southernmost India and Madagascar to have been part of the same orogenic belt, and
Kroner (1991) suggested these domains to constitute the eastern margin of the Mozam-
bique belt which resulted from the collision of West Gondwana (Africa and South
America) with East Gondwana (Antarctica, Australia and India) after the Mozambique
ocean (Fig. 1) had closed.

Dronning Maud Land, Antarctica

The best documented evidence for Pan-African high-grade metamorphism and grani-
toid plutonism comes from the basement complex exposed in the Yamato Mts. and the
coast of Liitzow-Holm Bay in Eastern Dronning Maud Land (Shibata et al. 1986). Some
of the supracrustal metamorphic assemblages have a striking similarity with those of the
Highland Complex in Sri Lanka, and the metamorphic evolution of these two terranes has
been correlated (Hiroi et al. 1987). Furthermore, the granitoid gneisses of the Sri Lankan
Vijayan Complex have been correlated with similar rocks in the Yamato-Belgica Com-
plex, suggesting that the two were one unit after collision of East Antarctica with
Africa/Madagascar/Sri Lanka (Fig. 2).

Conclusions

The tectonic and metamorphic evolution of the entire eastern margin of Africa, Mada-
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Fig. 2. Reconstruction of Gondwanaland after -550 Ma ago, showing major Precam-
brian cratons and Pan-African mobile belts (from Kroner, 1991).

gascar, southwestern India, Sri Lanka and parts of East Antarctica can best be explained
within the framework of a major Pan-African collision event between West and East
Gondwana, following closure of the Mozambique ocean (Fig. 2). It is speculated that
juvenile island arcs (as in the Arabian-Nubian shield) as well as microcontinental
fragments (eastern Ethiopia-northern Somalia-southern Yemen) were accreted to the East
African margin during the process of ocean closure, and the main high-grade metamor-
phic event at around 550-560 Ma took place when continental collision and tectonic
stacking led to significant crustal thickening over a broad region and caused granulite
metamorphism in lower crustal levels, while higher levels experienced extensive migmati-
zation and granitoid emplacement.

This entire scenario is compatible with the SWEAT hypothesis and suggests that ocean
closure and terrane accretion occured some 600-800 Ma ago between East and West
Gondwana, while rifting and ocean opening took place between North America and East
Gondwana at about the same time.
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