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PAN-AFRICAN OCEAN CLOSURE AND CONTINENTAL COLLISION IN 
THE HOGGAR-IFORAS SEGMENT, CENTRAL SAHARA 

R. CABY, J. M. L. BERTRAND and R. BLACK 

ABSTRACT 

The late Precambrian to early Palaeozoic tectonic development of the Hoggar-Iforas 
region in the central Sahara is interpreted in terms of a complete Wilson cycle with ocean 
opening and closing between the West African craton and the Touareg shield. 

Rifting along the eastern margin of the West African craton occurred around 800Ma 
ago with a triple point in Mali, the Gourma being interpreted as an aulacogen. Continental 
fragmentation was accompanied by the injection, at  the base of the crust and at  high 
levels, of basic and ultrabasic magmas. The presence of basalts of possible oceanic origin, 
island arc and marginal trough volcano-elastic assemblages, widespread calc-alkaline 
plutonism, and paired metamorphic belts, including high-pressure eclogitic schists, 
strongly suggest that active subduction processes were at  work. In the western part of the 
Touareg shield (Pharusian belt) widespread, prolonged continental Cordilleran conditions 
prevailed, the oldest being dated at  885 Ma. Three major tectonic events have been dis- 
tinguished: (1) stabilization of the eastern Hoggar-ThkrB domain around 725 Ma ago; 
(2) N-S collision in the western Pharusian branch around 700Ma ago and, finally, 
(3) oceanic closure around 600Ma ago which led to the E-W collision between the 
passive continental margin of the West African craton and the active continental margin 
of the Touareg shield. The suture is marked by a string of positive gravity anomalies corre- 
sponding to the emplacement of ultrabasic and basic rocks. The 600 Ma collision was 
accompanied by the translation of foreland nappes onto the West African craton and 
affected the entire Touareg shield. The reactivation of older gneissic terrains in the central 
and eastern part of the shield is marked by greenschist metamorphic overprinting, intense 
intraplate deformation in N-S linear belts accompanied by crustal thickening, generation 
of granites and major lateral displacements along megashear zones. An analogy is drawn 
with Asia and the Himalaya fold belt. 

The large amount of predominantly calc-alkaline rocks generated during the Pan- 
African s.1. (900-500 Ma) corresponds to a major period of crustal accretion which led 
to the cratonization of Africa. 

INTRODUCTION 

Ten years ago attention was drawn to  the existence of Pan-African island 
arc and marginal trough volcano-detritic assemblages in the western Hoggar, 
associated with magmatism of oceanic affinities (Gravelle, 1969; Caby, 
1970), and ophiolites were recognized at Bou Azzer (Morocco) along the 
northern edge of the West African craton (Leblanc, 1970). Burke and Dewey 
(1970) presented a plate-tectonic model for circum West African Pan-African 
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belts, suggesting a Himalaya-type situation for most of the crust situated to 
the east of the West African craton. Bertrand and Caby (1978), in an attempt 
to synthesize the geology of the Hoggar, proposed a model involving sub- 
duction processes in the western Hoggar and showed the complexity and 
varying degree of Pan-African intracontinental deformation across the 
800 Km wide shield. Recently, the preliminary results of a detailed geological 
and geophysical investigation of the critical Iforas-Gourma region in Mali, 
crossing the West African craton and the Pan-African belt to the east, 
showed convincing evidence of a Wilson cycle ending with collision between 
a passive continental margin in the west and an active continental margin in 
the east (Black et  al., 1979b). 

The major tectonic units in the region that we shall examine (Fig. 16-1) are, 
in the west, the West African craton stable since around 1700Ma ago, and to 
the east, the Touareg shield (Hoggar, Iforas, Air) which belongs to the Pan- 
African mobile belt. Major N--S shear zones divide the Touareg shield from 
west to .east into the following tectonic domains: (1) The Pharusian belt, 
comprising a western and an eastern branch, both characterized by the 
abundance of Upper Proterozoic volcano-detritic material; (2) the polycyclic 
central Hoggar-Air domain largely composed of ancient gneisses reactivated 
and injected by abundant granitoids during the Pan-African; (3) the eastern 
Hoggar-Tenere domain which apparently was to a large extent stabilized at  
an early stage of the Pan-African episode around 725 Ma ago. 

The aim of this chapter is to discuss the relationships between subduction- 
collisipn and ensialic processes within the Touareg shield, which underwent 
a multistage evolution during a period lasting several hundred million years. 
Whilst we feel that events marking the closing stages of the Pan-African 
episode related to collision with the West African craton are beginning to 
be well documented, our enquiry into the older events is much more 
speculative, but the tentative model presented is compatible with present- 
day plate-tectonic processes (Dewey, 1977). 

For the geological background the reader may refer to regional syn- 
theses by Bertrand and Lasserre (1976), Bertrand and Caby (1978), Bertrand 
et al. (1978), Black (1978), Black et  al. (1979a), to  detailed regional 
accounts by Gravelle (1969), Caby (1970), Bertrand (1974), Davison (1980), 
and early pioneering work of Lelubre (1952) and Karpoff (1960). 

In this paper the term Pan-African covers the time period 900-550Ma. 
All ages quoted are recalculated with the new decay constants recommended 
by Steiger and Jager. Recent age determinations are given with 1 sigma error. 

CONTRASTING PRE-PAN-AFRICAN HISTORY OF THE WEST AFRICAN CRATON 
AND THE TOUAREG SHIELD 

When comparing the nature of the basement constituting the West African 
craton with that of the pre-Pan-African inliers occurring within the Touareg 
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Fig. 16-1. Simplified geological map of the Touaregshield and adjacent areas. 1 = Reguibat 
and Leo Shields; 2 = slightly reactivated Eburnean granulites within the Pharusian belt; 
3 = reactivated pre- Pan-African gneisses; 4 = undifferentiated gneisses highly reactivated 
during the Pan-African; 5 = 4 ,  affected by late high-temperature-low-pressure meta- 
morphism; 6 = undifferentiated rocks of the eastern Hoggar (metamorphism at 
c. 725 Ma); 7 = Upper Proterozoic shelf sediments; 8 = slope-basin sediments of the 
Gourma aulacogen; 9 = Gourma and Timktrine nappes; 10-12 = late Upper Proterozoic 
greywackes and magmatic rocks of the Tilemsi accretion zone ( l o ) ,  of the western 
Pharusian belt (11 ), of the eastern Pharusian branch (12);  13 = late Upper Proterozoic 
volcano-detritic schist belts in the central and eastern Hoggar with T = Tiririne and 
Proche-T6nBri. Groups; 14 = molassic “SBrie pourpr6e” (partly Cambrian); 15 = 
Palaeozoic and Mesozoic cover. A = Aleksod assemblage; Ah = Ahnet; Ag = Aguelhoc; 
Eg = Egatalis; Tan = Taounnant; Ti = Timktrine; IS = Issalane; Ki = Kidal; OU = 
Oumelalen; Ta = Taoudrart; Ga = Gara Akofou; Ou = Oumasshne; Si = Silet. 
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shield, the most obvious feature is the widespread presence of high-grade 
rocks in the latter whereas the craton, at least its southeastern part, is 
composed of low-grade granite metavolcanic-greywacke assemblages remi- 
niscent of Archaean greenstone belts. 

Bessoles (1977) in his review of the West African craton underlined its 
division into: (1) a western domain of Liberian age (= 3000Ma) almost 
unaffected by Eburnean reactivation (= 2000 Ma) and consisting essentially 
of granulites (western Mauritania, Sierra Leone, Liberia, western Ivory 
Coast), but including some Archaean low-grade greenstone belts (Sierra 
Leone); (2) the eastern domain is characterized by pre-Eburnean (2700 Ma) 
reactivated basement and NNE-SSW-trending Birrimian (Lower Proterozoic) 
belts of metavolcanic-sedimentary rocks, with widespread syntectonic and 
late tectonic granites emplaced in the time span 2000 f 100Ma. Except for 
some Eburnean molassic formations, late granites (1700-1600 Ma) and 
dolerites (1300 Ma), the Middle Proterozoic (c. 2000-1000 Ma) is generally 
absent in the West African craton, which has remained remarkably stable for 
the last 1700 Ma. 

Pre-Pan-African basement remnants are known in most domains of the 
Touareg shield. All of these consist of high-grade rocks, often belonging 
to the granulite facies, metamorphosed during the Eburnean event 
(2150--2050Ma). The largest inliers of Eburnean granulites (In Ouzzal- 
Iforas) display a dominant ENE-WSW structural trend. Their presence 
however is not due to Pan-African uplift as suggested by Shackleton (1976) 
as they are unconformably overlain by Middle and Upper Proterozoic 
formations. Some of the inliers are of Archaean age but the corresponding 
structure and metamorphism are largely unknown (Ferrara and Gravelle, 
1966; Latouche and Vidal, 1974). Unlike on the craton, the Middle Pro- 
terozoic is well developed in the Pharusian belt where it is represented by 
alumina-rich quartzites and associated pelitic schists. They often contain 
intercalated sills and sheets of alkaline-peralkaline meta-igneous rocks which 
have yielded zircon Concordia dates of 1742 f 12Ma and 1843 f 3 Ma 
(U. Andreopoulos-Renaud, unpubl. data). In the central Hoggar several 
sequences of supracrustal rocks have also been attributed to the Middle 
Proterozoic (Bertrand, 1974; Latouche, 1978). 

These differences of the basement in the craton and in the Touareg shield 
are thought to be significant. They suggest that the position of the future 
Pan-African belt may have been predetermined by the presence of a high- 
grade Eburnean mobile belt so that oceanic opening eventually occurred 
along a line of weakness on the edge of the granulites. 

On the craton the early Upper Proterozoic ( c .  1000-800Ma) is repre- 
sented by flat-lying platform deposits, the best known and most repre- 
sentative being the Atar el Hank Group which consists of sandstones, overlain 
by stromatolite-bearing limestones (Bertrand-Sarfati, 1972; Trompette, 
1972). Within the Pan-African belt a very similar sequence was first described 
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in the northwestern Hoggar under the name “SCrie ii stromatolites” (Fabre 
and Freulon, 1962; Caby, 1970) and this group, with similar shelf-type 
facies and stromatolite associations (Bertrand-Sarfati, 1969), has now also 
been identified in several areas in the western part of the Touareg shield. The 
early Upper Proterozoic marks a period of very widespread cratonic sedi- 
mentation, and we believe that there may have been continuous continental 
crust from the West African craton to  the Touareg shield. 

EARLY PAN-AFRICAN RIFTING DURING THE UPPER PROTEROZOIC 

Development of a passive continental margin 

A major change in sedimentation occurred about 800 Ma ago with rifting 
along the eastern margin of the West African craton, leading to  the develop- 
ment of a passive continental margin. In Mali, a triple point coincides with 
an embayment in the craton: the Gourma (Fig. 16-1) is thought to  be a 
failed arm which evolved as an aulacogen, a comparable situation with that 
of the Benue trough with respect to  the Gulf of Guinea in the Cretaceous 
(Grant, 1971). The Gourma basin is characterized by deep subsidence with 
an accumulation of over 8000m of sediments (Reichelt, 1972). The 
observed sedimentary sequences comprise an early terrigenous clastic phase 
at the base, followed by differentiated carbonate sediments indicating lateral 
passage platformslope-trough, and end with prograde continental clastic 
deposits. These sediments thicken eastwards and are typical of deposits 
formed along the passive continental margin adjoining a mature wide ocean 
(Moussine-Pouchkine and Bertrand-Sarfati, 1978). The shape of the basin, 
as defined by the distribution of slope sedimentary facies and the gravity 
pattern, is that of a trough oriented WSW-ENE and representing a gulf 
within the West African craton. The aulacogen is marked by positive gravity 
anomalies which can be traced westwards across the craton where they split, 
defining the axes of the Nara and Mopti troughs. The Gourma formations 
have been affected by open folding parallel to  the trend of the aulacogen, 
prior to late Pan-African regional folding which outlines the concave virgation 
of the Gourma. 

To the south, in Togo-Benin, recent studies of the Upper Proterozoic 
(Simpara, 1978; Trompette, 1980) also indicate a passage from thin plat- 
form deposits to  thick marine continental margin deposits as one goes 
eastwards towards the edge of the craton. 

Magmatism associated with continental fragmentation 

The first stage of rifting is preserved in the northwestern Hoggar where 
deformed pre-metamorphic dyke swarms of alkaline and peralkaline meta- 
rhyolites, undersaturated soda-trachytes and phonolites with associated 
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Fig. 16-2. Tentative palaeogeographical reconstructions. 
A. Passive margin of the West African craton after ocean opening at c. 800Ma. Dots 
represent the strongly subsiding areas; zone of basic and ultrabasic intrusions in the 
collapsed margin are shown in black; T i  = Timktrine;A = Amalaoulaou; K = Kandk; R = 
palaeorift. N i  and NE = inferred areas of sedimentation of internal ( N i )  and external 
nappes (NE ) compared to  Togo-Atacorian and Buem, respectively. 
B. Active margin of the eastern continent (Touareg shield) with its western accretion 
domain dying out southwards and its northern magmatic arc. Arrows outline the early 
NNW-SSE collision with a northern continent at c. 700Ma. Tu = Tassendjanet nappe; 
Ah = Ahnet deltaic quartzites. 

plutonic rocks are superimposed on earlier basic dyke swarms (Fig. 16-2A). 
On field, petrological and geochemical grounds, this complex is interpreted 
as representing the roots of a palaeorift (Dostal et al., 1979). 

The intrusion of voluminous basic and ultrabasic rocks in the form of 
sills, laccoliths and stocks has occurred over wide areas of both continental 
margins. These complexes show some petrological and geochemical affinities 
with ophiolites but field observations (Caby, 1970, 1978) have shown these 
mantle-derived complexes to have been intruded into sediments prior to 
regional low-grade metamorphism. They belong to a large-scale magmatic 
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event occurring around 800Ma ago (Clauer, 1976; De la Boisse, 1979) and 
are thought to be related to  the process of continental fragmentation 
(Fig. 16-2A). Three examples are given below: 

(1) The Ougda-Tassendjanet complex (E  900 km2 ), outcrops along one 
side of a majdr fault which may have controlled its emplacement into 
quartzites and limestones of the “Skrie 21 stromatolites”. Garnetiferous 
metagabbros grading into garnet amphiclasites and pyriclasites may represent 
early stages of cooling of a gabbroic magma deep in the crust in granulite- 
grade conditions. Amphibole gabbros, fine-grained carbonate-rich serpen- 
tinites and foliated quartz diorites cut through stromatolite-bearing marbles 
and dolomites, producing high-grade contact metamorphism. Heterogeneous 
quartz-gabbros, tonalites and trondhjemites constitute the bulk of the 
complex, with lesser amounts of granodiorites. Many amphibolitized dykes 
of andesitic composition are also associated with the gabbros and may 
represent late sub-volcanic conditions. A recent geochemical study (C. Dupuy, 
pers. commun., 1979) concluded that the gabbroic rocks are LREE-depleted 
and display patterns typical of oceanic tholeiites and that younger rocks 
show progressive calc-alkaline affinities. 

(2) The Amalaoulaou meta-igneous complex (Fig. 16-7B) coincides with a 
positive gravity anomaly marking the suture with the West African craton. I t  
comprises layered amphibole-garnet pyriclasites, two pyroxene pyriclasites 
and serpentinites. According to De la Boisse (1979) metagabbros have 
primarily crystallized in granulite facies conditions at the base of the crust 
from a magma of tholeiitic affinity and have subsequently been tectonically 
emplaced along the suture. U-Pb dating on zircon (De la Boisse, 1979) has 
given an age of 810 f 50Ma, considered as that of magmatic crystallization. 
Undeformed quartz gabbros were intruded at  730 f 40Ma ago before the 
development of greenschist facies metamorphism with local blue amphibole. 

(3) The Timbtrine ultrabasic rocks occur as four elongated boudinaged 
massifs, interpreted as being incorporated in a nappe west of the suture 
(Fig. 16-3). They are composed of highly serpentinized rocks and represent 
metadunites and some metawherlites, lherzolites and harzburgites, dis- 
playing a foliation and strong chromite lineation. Lenses of metagabbro and 
diabase are found within the serpentinites. The presence of blue amphibole 
and aegyrine in the surrounding country rocks is restricted to  some tens of 
metres close to the ultrabasic bodies (Karpoff, 1960). Overlying the chlorite- 
albite schists and the sericite quartzites which surround the. serpentine 
massifs are found pillow basalts and their feeder dykes. Leblanc (1976) 
suggested that these rocks represent a dismembered ophiolite sequence 
obducted into a thick epicontinental sedimentary formation. On the other 
hand, Caby (1978) indicated that the contacts between fine-grained car- 
bonated serpentinites and compact chlorite schists may be regarded as 
magmatic and that the ultrabasic rocks were intruded as sills and dykes into 
the schists. 
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Fig. 16-3. Simplified geological map of the  TimCtrine area (presumably allochthonous). 
1 = Cretaceous cover; 2 = molassic deposits (Nigritian), partly of Cambrian age; 3 = 
sericitechlorite schists; 4 = sericite quartzites; 5 = pillowed metabasalt and related 
diabase, apparently conformable o n  3 ;  6 = diabase and metabasalt (blue amphibole 
bearing); 7u = red hematite jaspers; 7b = Ca-Fe-Mg carbonates; 8 = ultrabasic rocks; u = 
thrust; b = fault; c = cleavage. 

INITIATION O F  OCEAN CLOSURE AND SUBDUCTION: 
CORDILLERAN-TYPE EVOLUTION IN THE PHARUSIAN BELT 

In the western part of the Pan-African Touareg shield, the late Upper 
Proterozoic deposits of the Pharusian belt are totally different from those of 
the West African craton. They have many characteristics comparable with 
island arc and modern active continental margins suggesting the existence of 
an open ocean separating two continents. The deposits reflect a very complex 
palaeogeography of basins, troughs and volcanic chains and were accom- 
panied by widespread calc-alkaline volcanism and plutonism. Deposition was 
not everywhere synchronous and several cycles have been distinguished. 

The oldest known rocks occur in the central part of the eastern Pharusian 
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branch around Silet (Fig. 16-1). Two important lithological units separated 
by an unconformity (Bertrand et al., 1966) have been recognized by Gravelle 
(1969): 

(a) A lower unit consisting of a volcano-detritic sequence with flows and 
sills of intermediate to acid composition, pillow basalts, sills and dykes of 
dolerite. It overlies marble and quartzites injected by basic and ultrabasic 
rocks. This assemblage is cut by a large composite batholith of quartz 
diorite, granodiorite, trondhjemite and adamellite which has yielded a U-Pb 
Concordia date on zircons of 887 f 1 Ma (U. Andreopoulos-Renaud, unpubl. 
data). Early regional folding and greenschist facies metamorphism seem to be 
related to this major cycle. 

(b) An upper unit comprising a volcano-sedimentary sequence including 
pelites and greywackes with a basal conglomerate and a volcanic sequence 
almost exclusively composed of andesites, dacites, pyroclastics, cut by dykes 
of andesitic composition. 

During this magmatic cycle quartz diorites and adamellites dated at 
831 rtr 5Ma (U-Pb on zircons, U. Andreopoulos-Renaud, unpubl. data) were 
emplaced in the form of elongate N-S-trending batholiths, up to 80km 
long and 10-35 km wide, with numerous intraplutonic sub-volcanic rocks 
suggesting a high-level of emplacement, the country rocks being converted 
to hornfels. In the northwestern part of the eastern Pharusian branch thick 
accumulations of slightly deformed lavas of andesitic to rhyolitic com- 
position are cut by calc-alkaline batholith and crop out over wide areas 
which are little known. Their relationships with adjacent poly-deformed 
metagreywackes and lavas and with the units distinguished by Gravelle 
(1969) have not yet been established. The vast amount of predominantly 
calc-alkaline volcanic and plutonic rocks emplaced during a period exceeding 
200 Ma suggests a long Cordilleran-type evolution in the eastern Pharusian 
branch (Fabriks and Gravelle, 1977). Detailed geochemical studies of the 
volcanics from the Silet region show that the majority of samples display 
calc-alkaline trends with moderate LREE enrichment and La/Yb ratios 
between 5 and 8, typical of modern island-arc calc-alkaline rocks. They also 
resemble andesites and high-A1 basalts from central-south Chile which are 
related to a relatively flat-lying Benioff zone (Chikhaoui et  al., 1980). The 
old continental crust underlying Cordilleran-type assemblages is known 
from some high-grade slices along major faults and has been sampled as 
sialic granulite xenoliths in recent volcanoes (M. Girod, pers.‘ commun., 
1979). 

In the western Pharusian branch (Fig. 16-1) one can distinguish late Upper 
Proterozoic volcano-detritic sequences which have been affected by two 
major phases of Pan-African deformation (e.g. the ‘‘S6rie verte”), and others 
which have only been subjected to late Pan-African tectonism (e.g. Taoudrart, 
Gara Akofou and Oumassbne). The earlier (pre-700 Ma) “Skrie verte” occurs 
in synclinoria superimposed on subsiding basins already initiated during 
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the Middle Proterozoic. I t  consists of a 6000m thick sequence of flysch, 
volcanic greywackes and pebble conglomerates with intercalated andesites, 
dacites and dacitic breccias which may be derived from volcanic islands. 
Basic and calc-alkaline plutonic rocks (diabase, quartz diorite and grano- 
diorite) have invaded the greywackes in the form of sills and stocks, 
but similar rocks are also found in the conglomerates suggesting an auto- 
cannibalistic evolution. The chemical composition of the greywackes is 
similar to modern examples and points to a lack of terrigenous and clay 
components even in fine-grained rocks (Caby et al., 1977). In contrast, 
the later Tuoudrurt uolcunics (5000m thick) are composed of andesite 
flows and intercalated pyroclastics with dacites and continental polygenic 
conglomerates on top, laterally interfingering with agglomerates, tuffs 
and greywackes. The Guru Ahofou uolcunics consist of a 2000m thick 
sequence of basic and intermediate lava flows with intercalated pyroclastics, 
preserved in a fault-bounded monocline within the granulitic In Ouzzal 
unit. I t  probably represents the relics of an extensive volcanic cover. The 
Oumuss&ne uolcunics (2000 m) in the Iforas are composed mainly of andesite 
flows with intercalated pyroclastics. Trace element data for the volcanics 
from these three occurrences (Taoudrart, Gara Akofou and Oumasshe) 
are consistent with derivation by partial melting from an upper-mantle 
source enriched in LILE (Chikhaoui et al., 1978). The rock suites display 
typical calc-alkaline patterns with pronounced LREE enrichment and La/Y b 
ratios between 12-14, typical of modern continental margin andesites 
associated with steeply dipping Benioff zones. Such similarities can be 
extended to  other trace elements such as Zr, Nb, Hf and P (Chikhaoui et al., 
1980). 

The Tilemsi strip (Fig. 16-1) close to the West African craton is believed 
to represent a zone of accretion largely devoid of ancient basement. I t  is 
composed of greywackes with turbidites and associated conglomerates as 
well as occasional Al-rich pelitic layers, which may represent deep-sea clays 
overlying dacitic breccias and a lower metabasalt unit. These rocks are 
injected by a large volume of pretectonic plutonic rocks in the form of sills, 
dykes and massifs, a pretectonic adamellite having yielded a U-Pb Concordia 
age on zircon of 633 k 3 Ma (U. Andreopoulos-Renaud, unpubl. data). These 
plutonic rocks exhibit a marked E-W polarity: whilst quartz gabbros 
abound close to the suture, eastwards the terrain is invaded by large massifs 
of quartz diorite. As one approaches the margin of the Iforas, grahodiorites 
and adamellites predominate. A polarity is also displayed by the nature of 
the sediments, the amount of clay and terrigenous material increasing east- 
wards. In contrast to  the deep trough environment in the west, syn- and late- 
tectonic flysch-molasse deposits and associated andesites occur along the 
eastern margin of the Tilemsi. Farther east, in the western Pharusian branch 
underlain by ancient basement, we have already pointed out the presence of 
thick andesite sequences displaying typical geochemical characteristics of 
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continental margin, Cordilleran-type volcanics which we relate to an easterly 
dipping subduction zone. 

We are not yet in a position to formulate a clear plate-tectonic recon- 
struction of the Tilemsi accretion zone. However, pending detailed mapping 
and geochemical studies, our field observations suggest a transition between 
an island arc in the west and a Cordilleran-type continental margin to the 
east, although a back-arc suture has not yet been discovered. The permanent 
contribution of mantle-derived rocks to this zone is exemplified by some 
syn- and late-tectonic high-level gabbro-peridotite bodies. 

To conclude, the sharply contrasting sedimentological environments 
which developed in the late Upper Proterozoic, correspond to the formation 
of a passive continental margin on the edge of the West African craton and 
an active continental margin along the western margin of the Touareg shield. 
This has led us to question the hypothesis of a fixed Gondwanaland 
throughout the Proterozoic (Piper e t  al., 1973), which has strongly influenced 
geoloecal thinking in Africa (Shackleton, 1976). The geological evidence 
from West Africa shows that continental fragmentation occurred around 
800Ma ago as was the case around the North American continent (Stewart, 
1976). Critical reappraisal of the palaeomagnetic evidence supports the idea 
that important horizontal displacements occurred in the late Upper Protero- 
zoic (Burke et al., 1976; Briden, 1977; Morel-A-1’Huissier and Irving, 1978; 
Black, 1978). There are very few palaeomagnetic data from West Africa and 
new measurements are urgently required in order to estimate the possible 
width of a Pharusian ocean situated to the east of the West African craton. 

MULTISTAGE STRUCTURAL EVOLUTION OF THE PAN-AFRICAN TOUAREG 
SHIELD 

Structural domains in the Touareg shield 

In contrast to the West African craton, which has been stable throughout 
the Middle and Upper Proterozoic, parts of the Pan-African Touareg shield 
have had a complex history of deformation prior to collision with the West 
African craton around 600Ma ago. A striking feature of the shield is the 
spectacular development of N-§ shear zones which delimit the following 
structural domains (Fig. 16-1) from west to  east: 

The Pharusian belt 
The Pharusian belt, as we have seen, is characterized by thick accumu- 

lations of late Upper Proterozoic volcano-detritic assemblages and associated 
calc-alkaline plutonism. We distinguish: 

(a) The Tilemsi strip, lying immediately to the west of the Iforas which is 
believed to  represent an accretion zone apparently largely devoid of ancient 
sialic basement. I t  has been affected by pronounced E-W shortening. 
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(b) The western Pharusian branch, floored by Eburnean granulites with 
a cover of Middle and Upper Proterozoic strata and their products of 
reworking during the Pan-African event. I t  has been affected by two major 
phases of Pan-African deformation, producing early WSW-ENE-trending 
structures and late N-S-trending folds. 

(c) The eastern Pharusian branch, which is also floored by an ancient 
substratum. Lithological and metamorphic gradients are N-S and there 
is evidence for a pre-885Ma tectonic event; the main orogenic imprint 
produced intense folding with a N-S trend. 

The polycyclic central Hoggar-Air  domain 
The polycyclic central HoggarAir domain consists mainly of pre-Pan- 

African basement rocks (Archaean and Lower Proterozoic), injected by 
abundant Pan-African granitoids. The existence of a presumed “Kibaran” 
event (Bertrand, 1974; Latouche, 1978) and of narrow volcano-sedimentary 
belts of presumed Upper Proterozoic age is reminiscent of the pattern 
described in south- and northwestern Nigeria (Grant, 1978; Holt et al., 1978; 
Hubbard, 1978). 

The eastern Hoggar-Tknbrb domain 
The eastern HoggarTbnbrb domain, apparently stabilized around 725 Ma 

ago, includes along its western margin a late Pan-African ensialic linear belt 
developed along a shear zone (Tiririne belt, Bertrand et al., 1978). The 
eastern edge of the polycyclic central Hoggar-Air domain is affected by this 
late Pan-African event. 

The “Kibaran” event (1200-900 M a  ago) 

This event, recorded in Nigeria (Grant, 1972; Ogezi, 1977), is thought to 
have affected the Aleksod (Bertrand, 1974) and Gour Oumelalen (Latouche, 
1978) regions of the Hoggar and may have had a wider extension in the 
central HoggarAir polycyclic domain (Fig. 16-1). Structural relationships 
with the early event in the eastern Pharusian branch are still unknown. In 
both the Aleksod and Gour Oumelalen areas a supracrustal sequence, 
forming large scale recumbent folds of Pennine-type overturned to the NW, 
has undergone Barrovian metamorphism in high-grade amphibolite facies 
with widespread migmatization. The supracrustal sequence is structurally 
unconformable on basement of Eburnean or Archaean age. The “Kibaran” 
ages, however, should be accepted with caution as both in Nigeria and in 
the Hoggar they have been obtained using Rb-Sr whole-rock and K-Ar 
methods (Picciotto et  al., 1965; Grant, 1972; Bertrand and Lasserre, 1976) 
on metamorphic rocks only. 
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The event around 725 Ma ago 

Poorly known tectonic events of this age are developed in the eastern 
Hoggar-T&nbr& domain (Fig. 16-1). This region was metamorphosed under 
low greenschist to upper amphibolite facies conditions and has suffered 
strong E-W shortening, responsible for tight upright folds with N-S to 
NNW-SSE trend and associated b-lineations. Synkinematic sub-alkaline 
granitoids and a late granodiorite batholith have yielded a U-Pb Concordia 
age on zircon of 726 k 22Ma (U. Andreopoulos-Renaud, unpubl. data). A 
similar age was obtained on some granites west of the 8’30’E shear zone 
(Latouche and Vidal, 1974) but their extent and significance is still 
unknown. Note that the lithologies, metamorphism and structures differ 
completely on either side of the 8’30’E shear zone, indicating that this 
lineament may be the locus of a cryptic suture hidden to the north beneath 
the late Upper Proterozoic Tiririne Group. Thus, the eastern Hoggar-Tbnbre 
domain which, in the absence of geochronological data, had previously been 
called the eastern craton (Bertrand et  al., 1978), now appears to represent 
an early Pan-African mobile belt stabilized around 725 Ma ago. The Tiririne 
Group (or Proche-Tbnbrb Group in Niger) is the molasse related to this early 
Pan-African orogenic belt. 

The event around 700-680 Ma ago 

A major orogenic event, affecting both the early Upper Proterozoic 
“Sbrie A stromatolites” and the volcano-clastic “Sbrie verte”, occurred in the 
western Pharusian branch. It is marked by NNW-SSE movements causing 
overthrusting of older crust and important crustal thickening. 

In the northwestern Hoggar very high structural levels are exposed in the 
Tassendjanet nappe (Caby, 1970) (Figs. 16-2B and 16-4). This nappe of 

TASSENDJANEl  NAPPE SERlE VERTE T I  DERlDJ AOUl NE 
I N  O U Z Z A L  

SSE 

GREYWACKES 

NNW 

Fig. 16-4. The early Pan-African collision in the western Hoggar at c. 700Ma. The 
Tassendjanet nappe is considered as part of a northern continent. S1 is the upper limit of 
slaty cleavage. Ultrabasic rocks (in black) associated with quartzites may represent a 
lower thrust unit (Gour Rahoua). The Tideridjaouine quartzites (dotted) and gneisses 
(crosses) belong to a deeper structural level of isoclinal folds facing north. Both units 
moved synchronously and are interpreted as related to  the closure of a sub-oceanic 
domain with a basified crust covered by many thousand metres of greywacke of the 
“S&rie verte”. 
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Eburnean granites, with its overlying cover of the “Serie B stromatolites” 
tectonically accumulated at its front, moved south-eastwards over more than 
40 km as demonstrated by the presence of a tectonic window and frontal 
klippen. The underlying para-autochthone is composed of greywackes and 
plutonic rocks of the “S6rie verte”. Deeper structural levels are gradually 
exposed to the south below the “S6rie verte” in the underlying Middle 
Proterozoic quartzites which are isoclinally folded in amphibolite facies con- 
ditions of Barrovian type. These folds, generated at  depth, face northwards 
in contrast to the southward directed movement of the Tassendjanet nappe. 

Contemporaneously, an elongated N-S unit of Eburnean granulites was 
thrust to the north-northwest farther south in the Iforas (Boullier et  al., 
1978; Boullier, 1979; Wright, in press). The unit has been later affected 
by lateral mylonite zones which sharply cut Eburnean and early Pan-African 
structures. The lithologically similar but little deformed In Ouzzal granulite 
unit of the northwestern Hoggar is also laterally cut by important vertical 
faults and contrasts tectonically with all levels of the adjacent, highly 
deformed Pan-African edifice. To the south, the In Ouzzal unit is pro- 
gressively incorporated in the tangential structures of the Iforas granulite 
nappe. 

Following Boullier e t  al. (1978), the Iforas granulite unit is underlain by a 
complex gneissic unit of high-grade amphibolite facies of Barrovian type 
with widespread migmatites underlying the granulite nappe in the Iforas. Its 
main structural characteristics are a well-defined flat-lying foliation or 
banding, often refolded, and a ubiquitous NNW-SSE-trending lineation 
parallel to  the motion direction of the nappe (Boullier, 1979). All the 
contacts between the heterogeneous components of the assemblage are 
either tectonic or intrusive, but lateral transition to  a less-deformed 
assemblage shows that it consists essentially of retrogressed Eburnean 
granulites, a cover of Upper Proterozoic age and pre-tectonic magmatic 
rocks. 

As we have seen this major event involving refolding of huge crystalline 
nappes during high-grade, Barrovian metamorphic conditions exhibits 
opposite transport directions in the northwestern Hoggar and in the Iforas. 
We tentatively link this crustal shortening event to plate motion along 
NNW-SSE direction and to  the closure of an E-W-tending sub-oceanic 
domain along the northern edge of the In Ouzzal granulite block and possible 
non-identified oceanic crust hidden beneath greywacke and trough *deposits 
(Fig. 16-2B). 

The precise dating of this early Pan-African collision around 700-680 Ma 
has still to be confirmed as it is based on only two results: a U-Pb deter- 
mination on zircon from a syntectonic granite in the Iforas which gave a 
Concordia age of 693 f 1Ma (Ducrot et  al., 1979) and a Rb-Sr date of 
685 k 15Ma (Clauer, 1976) obtained on clay minerals from the “S6rie A 
stromatolites”, incorporated in the Tassendjanet nappe. 
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The fact that the events around 1200-900 Ma, 725 Ma and 700-680 Ma 
are each confined to  a particular structural domain implies that important 
lateral displacements occurred along the major shear zones delimiting the 
domains and suggests that the Touareg shield consists of an amalgam of 
microplates (Black, 1978). 

PAN-AFRICAN COLLISION OF THE WEST AFRICAN CRATON WITH THE 
TOUAREG SHIELD AROUND 600 Ma AGO 

This major event affects the entire Touareg shield and overprints the 
earlier tectonic patterns. East-west shortening varies in intensity and is 
probably diachronous across and along the Pharusian belt. 

The suture 

The presence of a suture zone was first suggested in southern Morocco by 
Leblanc (1970), who interpreted the Bou Azzer basic and ultrabasic complex 
as obducted Upper Proterozoic ophiolites, now squeezed in a major vertical 
lineament (see also Leblanc, this volume, Chapter 17, ed . ) .  The lineament 
was considered t o  extend, without interruption, from Morocco to  the 
western Hoggar and to represent the eastern limit of the West African craton 
(Caby, 1970) where it is outlined by elongated positive gravity anomalies 
(Crenn, 1957; Louis, 1970). In Mali these anomalies have been shown to  
correspond to basic and ultrabasic rocks, but overthrust sheets were also 
emplaced west of the lineament upon the edge of the West African craton 
(Caby, 1978, 1979; Wright, in press). The most striking feature, however, 
is the abrupt juxtaposition, along the lineament, of terrigenous sediments 
deposited on a'passive continental margin to  the west, with volcano-clastic 
plutonic assemblages formed by accretion processes, in a typical active 
continental margin to the east. This led us to consider the lineament as a 
suture zone (Black et  al., 1979a, b). Reactivation of this lineament occurred 
during the Hercynian event (Ougarta belt) and during the Mesozoic-Tertiary 
(Gao trough). 

Detailed gravimetric surveys (Fig. 16-5) have shown the existence of a 
string of positive gravity anomalies with amplitudes of over 30mgal, locally 
reaching SOmgal, which may be followed over a distance of 2000km. 
The anomalies are of two types: (a) in Togo-Benin positive and negative 
anomalies of long wave-length which, taking into account the lighter sedi- 
ments of the passive continental margin (Buem-Atakorian), can be inter- 
preted in terms of thickening of the West African craton towards the suture 
and a steep contact with an even thicker, dense Pan-African block (Louis, 
1978); (b) positive anomalies of shorter wave-length correspond to  more 
superficial structures which display subvertical to easterly dipping geometries 
in accord with the general vergence and thrusting motion towards the craton. 
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These correspond to the position of basic and ultrabasic complexes, and 
the interpretation of gravity profiles shows these bodies to be rootless 
and to continue to depths of 6 to 20km (Bayer and Lesquer, 1978; Ly, 
1979). 

The location of the two types of anomalies seems to be related to the 
geometry of the craton which we believe reflects the original shape of the 
continent before collision. The first type of paired gravity anomalies in 
Togo-Benin occurs where the craton forms a promontory. This situation led 
to  the complete disappearance, by subduction, of the oceanic floor, thus 
locally bringing into direct contact by flat underthrusting the low-grade 
metasediments along the passive continental margin of the craton and the 
high-grade gneisses of the eastern continent. In contrast, the second type of 
anomalies is located in an embayment where island-arc and Cordilleran 
volcano-clastic assemblages of the active margin of the eastern continent 
have been preserved (Black et al., 1980). 

Foreland nappes west of the suture 

Nappes have been translated westwards onto the West African craton. 
In the Taounnant region (Figs. 16-1, 6 and 7A) mylonitized quartzites 
belonging to the passive margin are overlain by a nappe of blue amphibole- 
bearing metabasalts, associated with lenses of serpentine which may repre- 
sent oceanic material. These rocks rest directly upon Eburnean rocks of the 
craton. Farther south in Timktrine the quartzites, phyllites, serpentines and 
metabasalts are also probably allochthonous. 

In the Gourma aulacogen the sediments have been strongly deformed, 
implying shortening of several tens of kilometres (Fig. 16-7B). In the east, 
towards the mouth of the aulacogen, one observes a pile of pellicular nappes 
which have been transported westwards and south-westwards over about 
80 km (Caby, 1978, 1979). The schists forming the external nappes belong 
to the passive margin and have been metamorphosed in the greenschist 
facies. In contrast, the quartzites and schists of the internal nappes have 
undergone high-pressure metamorphism with development of eclogitic 
mineral assemblages. Farther south the front of the Dahomeyan belt also 
shows a succession of units thrust westwards which have been described by 
African (1975), Simpara (1978) and Trompette (1980). 

The striking feature of this external zone of the Pan-African belt west of 
the suture and on the passive margin of the West African craton is the 
complete absence of autochthonous Pan-African magmatism. 

Fig. 16-5. Simplified Bouguer anomaly map of the eastern margin of the West African 
craton. 
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Paired metamorphic belts 

The Tilemsi zone of accretion immediately east of the suture has been 
interpreted as representing the relic of an island arc and a marginal cordillera. 
It is flanked by zones of contrasting metamorphic type (Fig. 16-6). To the 
west allochthonous rock units resting on the West African craton close to  the 
suture display high-pressure--1ow-temperature metamorphism, whereas to  
the east, along the border of the western Pharusian branch, zones of low- 
pressure-high-temperature metamorphism are developed. The former are 
characterized in the northeastern Gourma by eclogitic micaschists which 
contain jadeitic pyroxene. Probe-data indicate formation under pressure of 
the order of 1 5 k b  and a temperature of about 65OoC (Reichelt, 1972; 
De la Boisse, 1979). The blue amphibole-bearing metabasalts of Timbtrine 
and Taounnant may also belong to  this metamorphic unit. The latter zone of 
low-pressure-high-temperature metamorphism, represented by the Aguelhok 
gneisses (Iforas) and the Egatalis gneisses (northwestern Hoggar), displays 
fresh mineral assemblages of cordierite-garnet-sillimanite-spinel, and these 
gneisses are sometimes associated with hypersthene-bearing rocks. They 
represent zones situated along the western edge of the Touareg shield which 
were subjected to  a high-thermal regime and to  strong uplift following 
collision, as confirmed by young biotite cooling ages. 

Deformation in the Pharusian belt east of the suture 

In the Tilemsi accretion zone polyphase deformation in amphibolite 
facies grade close to  the suture passes eastwards into N-S trending open to 
tight folds of high structural level. 

In the western Pharusian branch E-W shortening is negligible in the 
Tassendjanet nappe but gradually increases southwards (Caby, 1970). 
N-S-trending structures with recumbent to  isoclinal folds and later open 
folds with similar trend represent the main structures, both in the “Sbrie 
verte” and the high-grade rocks of Egatalis. The structural evolution of the 
northwestern Hoggar is bracketed within the time range 625-570 Ma 
(Allbgre and Caby, 1972); the first figure corresponds to syn-kinematic 
granite emplacement and the second figure to  late granitoids, believed to  be 
roughly synchronous with the peak of metamorphism at  Egatalis. Late stages 

Fig. 16-6. Simplified sketch-map of the Pharusian-Dahomeyan belt after collision between 
the West African craton and the Touareg shield. 1 = Gourma and Buem-Atacora nappes; 
2 = undifferentiated rocks mainly of Pan-African metamorphism (Eg = Egatalis and A g  = 
Aguelhoc); 4 = high-pressure-low-temperature metamorphism of  the Gourma nappes; 
5 = undifferentiated reactivated pre-Pan-African rocks in the central Hoggar and Nigeria; 
6 = Eburnean granulites; in black: metabasic to ultrabasic rocks; 7 = strikeslip fault; 
8 = late movements related to the collision with the West African craton; 9 = early 
collision in the Northern Iforas and western Hoggar; Ta = Taounnant; Ti = Timktrine. 
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of this deformation are related to  the main N-S-trending sinistral shear 
zones and branching strike-slip faults (Caby, 1970), some of which are 
outlined by ultrabasic to basic and peralkaline rocks. Farther south, in the 
central Iforas, E-W shortening is less pronounced but important shearing 
took place at that time. N-S-trending sinistral movement along shear zones 
and gneissic doming are followed by the emplacement of a composite 
late- to post-tectonic calc-alkaline batholith with spectacular intrabatholitic 
dyke swarms between 615 and 590Ma ago (Ducrot et  al., 1979). The zone 
was subjected to continuous uplift, leading to unroofing and outpouring of 
flat-lying Nigritian rhyolites, followed by the intrusion of alkaline ring- 
complexes. 39Ar-40Ar whole-rock and U-Pb Concordia data on a sheared 
granite yielded 560 and 540 Ma, respectively, and suggest late movement 
along the edge of the granulite nappe (Lancelot et  al., in press). 

In the eastern Pharusian branch N-S-trending open folds of very high 
stmctural level in the north gradually pass southwards into tight folds with 
associated greenschist facies metamorphism, grading to  amphibolite facies 
and migmatization around synkinematic granites (Lelubre, 1952; Gravelle, 
1969). U-Pb zircon dating of such granites (Picciotto et al., 1965) has given 
recalculated ages between 647-620 Ma. Later folds and thrusting locally 
occurred after the deposition of molasse-type sediments. Late- to  post- 
tectonic granites yield ages in the range 600-550 Ma (Boissonnas, 1973). 

The molasse of the Pharusian belt is represented by the “Skrie pourprbe” 
which partly has a Lower Cambrian age (Caby, 1970; Clauer, 1976). 

Reactivation of the polycyclic central Hoggar-Air domain and the 
Tiririne linear intracontinental belt 

The 4’50’E shear zone, which is a transcontinental lineament that can be 
traced to  Benin, marks the eastern limit of the Pharusian belt. The amount 
of lateral movement along this major strike slip fault is unknown. Neither 
lithological nor structural correlations between the Pharusian belt and the 
adjoining central polycyclic Hoggar-Air domain are possible, except for the 
latest events related to  collision with the West African craton. The Pan- 
African in this domain is characterized by a greenschist metamorphic over- 
print, intense deformation localized along N-S schist belts, large-scale 
granite emplacement and lateral movement along shear zones. 

The linear Tiririne intracontinental belt (Bertrand et al., 1978) is situated 
along the eastern margin of the polycyclic Hoggar-Air domain and provides 
a model for the reactivation process (Fig. 16-1). Here two different basement 
units (polycyclic central Hoggar-Air and eastern Hoggar-Tknkrk domain) 
face each other along the 8’30’E shear zone which corresponds to a dextral 
transcurrent fault. The orogenic event at  725 Ma, which affected the eastern 
Hoggar-Tenitre domain (see page 419), was followed by deposition of the 
flat-lying molasse-type Tiririne Group, containing sills of diorite, diabase and 
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gabbro intruded around 660 Ma ago. A trough filled by more than 8000 m 
of sediments developed in proximity to the shear zone and subsequently 
evolved into a linear fold belt with greenschist metamorphism locally 
reaching amphibolite facies grade with anatexis. A late-tectonic granite 
yielded a U-Pb Concordia age on zircon of 604 f 13 Ma and dates this event 
(Bertrand et  al., 1978). Reactivation of the polycyclic central Hoggar-Air 
basement to  the west (Issalane) is indicated by: (1) a westerly dipping cata- 
clastic to mylonitic new foliation in an area up to 10 km wide, displaying a 
strong stretching lineation at  high angle to the 8'30'E shear zone; (2) a zone 
of recumbent folds, and (3) emplacement of a 585 k 14Ma old high-level 
batholith (Bertrand et  al., 1978). The model proposed for this ensialic linear 
belt involves westward underthrusting of the eastern Hoggar-Tbnbrb domain 
with its overlying Tiririne formation, producing local crustal thickening, 
anatexis and generation of granites at  depth and subsequent strike-slip 
movement along the shear zone. 

The narrow N-S-trending belts of low-grade metasediments of assumed 
Upper Proterozoic age associated with predominantly acid volcanics and 
occurring within the central Hoggar-Air domain (Fig. 16-1) could repre- 
sent diachronous equivalents of the Tiririne belt and, by analogy, they may 
also be associated with early underthrusting, causing crustal thickening as 
well as lateral shear. In this connection re-examination of some of the major, 
now vertical, shear zones indicates that they have had a complex history and 
bear the imprint of an early deformation when they behaved as thrusts 
(A.M. Boullier, pers. commun., 1979). McCurry and Wright (1977) regard 
such belts of transcurrent faulting in Nigeria as part of a fossil collision zone 
between two continental blocks. Abundant Pan-African granitoids about 
650-4300 Ma have invaded large areas of the central polycyclic Hoggar-Air 
domain and have played an important role in reactivation, locally producing 
low-pressure-high-temperature metamorphism superimposed on earlier 
mineral assemblages (Bertrand, 1974; Vitel, 1979). Although it is difficult 
to relate these granitoids to subduction processes there is an overall zonality 
in the Touareg shield: diorites and granodiorites which may be related to a 
subduction zone predominate in the Pharusian belt, whereas adamellite and 
K-rich varieties abound in the polycyclic central Hoggar-Air domain. 
Although isotopic studies are still in their infancy, preliminary results 
indicate low initial Sr ratios for diorites in the Pharusian domain (Davison, 
1980), whereas values ranging between 0.707 and 0.72 have been obtained 
in the central polycyclic domain (Bertrand, 1974; Vialette and Vitel, 1979) 
and in Nigeria (Van Breemen et  al., 1977), suggesting that crustal fusion 
related to crustal thickening may have played an important role. 

Attention has already been drawn to the striking similarities between 
the shear pattern of the Touareg shield, characterized by branching and 
sub-parallel shear zones (Bertrand and Caby, 1978; Ball, 1980), and the 
Cenozoic fault pattern of northeastern Asia, produced by the collision of 
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Fig. 16-8. Comparison between Cenozoic to  Recent fault-thrust pattern of NE Asia (after 
Molnar and Tapponnier, 1975) and Pan-African tectonics in northwestern Africa. Dotted 
areas represent Tertiary and late Pan-African deformation, respectively. 

India with Asia (Molnar and Tapponnier, 1975; Fig. 16-8). We suggest that 
the Pan-African reactivation of the central polycyclic Hoggar is related to 
collision with the West African craton, and the present surface may represent 
the deep structural level of the same processes which are now at work in 
northeast Asia. 

CONCLUSION 

Evidence from many earth science disciplines suggests the existence of a 
Wilson cycle ending around 600 Ma ago with collision and suturidg between 
the passive continental margin of the West African craton and the active 
margin of the Touareg shield to  the east. 

The geochronological data, although still fragmentary, show the time 
range (900-550Ma) for Pan-African events in the central Sahara to  be 
comparable to that of the Arabian-Nubian Shield (Greenwood et  al., 1976; 
Kroner, 1979). However, one must distinguish tectonically quiet periods of 
island-arc and Cordilleran development and periods of intense deformation 
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related to  continental collision within the above time range. The large 
amount of predominantly calc-alkaline magmatic rocks generated in this 
time interval corresponds to  a major period of crustal accretion which led to 
the cratonization of Africa. 

The long pre-collisional Cordilleran-type evolution in the western part of 
the shield and the multistage collisional history, involving stabilization of 
the eastern Hoggar-Tenerg domain at around 725Ma, N-S collision in the 
western Pharusian branch at around 700Ma ago and, finally, E-W collision 
against the West African craton at  around 600Ma, suggest that the Touareg 
shield is composed of an amalgam of plates. Thus the collision of a cold 
rigid craton in the west against an amalgam of relatively hot and more 
ductile micro-plates in the east produced extensive reactivation over a width 
of several thousand kilometres in northeastern Africa. 

The most pertinent argument in favour of Pan-African active subduction 
processes operating in this part of Africa, besides the presence of rock 
assemblages characteristic of island-arc and continental Cordilleran environ- 
ments and the results of geochemical investigations on associated andesites, 
is the existence of distinctly paired metamorphic belts. The high-pressure- 
low-temperature eclogitic rocks thrust onto the passive continental margin 
display mineral assemblages which strongly indicate that they have formed 
in a subduction zone and were subsequently thrusted. 

It has been pointed out that the reactivation of the entire Touareg shield 
as a consequence of collision with the West African craton is marked by 
greenschist metamorphic overprinting of older gneissic terrains, intraplate 
deformation in linear belts with pronounced E-W shortening accompanied 
by crustal thickening, and generation of granite. If the analogy which we 
draw with the tectonic model proposed for the Himalayan-Tibetan region 
(Molnar and Tapponnier, 1975) is correct, the amount of lateral displace- 
ment along shear zones in the central Touareg shield may well exceed the 
dimensions of the shield. 

The basification process through intrusion of ultrabasic and basic bodies 
of tholeiitic affinities, followed by calc-alkaline magmatism, is thought t o  
have played an important role in the history of the central Sahara. 

Our conviction is that detailed studies of the Pan-African edifice, 
beautifully exposed at a deep structural level in the Sahara region, will 
throw new light on the processes that were at work in ancient active con- 
tinental margins, on the nature and degree of intracontinental deformation 
and, more generally, on the geochemical evolution of the crust in late 
Precambrian times. 
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