
Synopsis
The gold and base-metal potential of the Pan-African
orogens is reviewed. Explorationists in these terranes
face two scenarios: ground that has already been
explored but merits re-evaluation in the light of new
techniques or data, such as the Central African
Copperbelt and the Damara Belt, and ground that has
been subject to little previous exploration, such as the
Mozambique Belt and Hoggar. It is predicted that
genetic modelling, based on the source–migration–trap
paradigm used in petroleum exploration and following
a progression from geodynamic domain scale through
terranes and mineral play types to prospect scale, will
play an important part in future exploration in Africa.
The greatest immediate potential of this methodology is
seen to lie in its application to the Copperbelt, the
Damaran Mobile Belt, the West Congolian Belt and,
possibly, the exposed parts of the North African Altaid-
style orogen from Hoggar to the Red Sea.

For the past 150 years Africa, especially subequatorial Africa,
has been recognized as having enormous mineral wealth. The
discovery of the Witwatersrand goldfields in 1886 through to
the development of the Central African Copperbelt in the
1920s and the concomitant mining of the Bushveld Igneous
Complex for platinum-group elements and chromite all con-
tributed to the accumulation of a vast source of mining
expertise and financial resources. Exploitation of bedrock and
alluvial occurrences of diamonds, a range of base-metal
deposits and lode-gold deposits further expanded the mineral
production base in southern Africa, whereas zinc–lead and
silver mining contributed significantly to the wealth of
Tunisia and Morocco in northern Africa.

More recently, two key events have played particularly
important roles in re-energizing interest and activity in Africa
and its mineral resources. The first of these was the massive,
inflation-driven leap in the gold price in the late 1970s, cul-
minating in a short-lived gold price of $860/oz in 1980 and a
much enhanced price throughout the 1980s, despite a sub-
stantial fallback in the early part of the decade. In addition to
generating new interest in the known gold-bearing terranes of
southern Africa, the higher gold price drove explorers first
into previously ignored areas of West Africa and then back
into the historical mining areas of East Africa—in particular,
Tanzania. The result was the discovery of many new gold
deposits, a number of them of world-class dimensions,7 and
the identification of greatly enhanced resources in historical
producers, chief among these being Ashanti in Ghana and
Geita and Bulyanhulu in Tanzania.

The second key event was the demolition of apartheid in
South Africa in the early 1990s and the re-emergence of
South Africa as a leader in exploration and mining activities
across the African continent. Drawing from a considerable
pool of scientific and technological expertise, South Africa
has contributed significantly to exploration activities in recent
years, thus adding its weight to the wide-ranging activities of
the Australian, Canadian, Irish and British junior companies
that flooded the continent in the 1980s. Many of the world’s
major mining companies, often with near-dormant sub-
sidiaries in southern African countries, also began to expand
their interests on the continent, but tended to focus on the
base-metal potential, leaving the juniors to identify the gold
opportunities.

The net result of this historical and more recent interest is
that Africa remains an important destination for exploration
and mining companies and, in recent years, the continent has
competed with South America and Australia to be one of the
three most important regions worldwide for exploration
expenditure (Fig. 1).

Exploration and production of precious and other non-
ferrous metals have focused largely on the oldest geological
terranes in Africa—the Archaean (>2500 m.y.) and the early
Proterozoic (ca 2000 m.y.). Thus, the Archaean cratonic
remnants of South Africa, Zimbabwe and Tanzania and the
early Proterozoic Birimian sequences of West Africa have
been targeted, successfully, for gold exploration.8,9 The
Birimian is also the focus for a growing level of base-metal
exploration in West Africa. Platinum-group element explo-
ration and production have been directed largely at the
2000-m.y. Bushveld Igneous Complex and this enormous
metal repository continues to be the subject of exploration
and new mining ventures. Younger mafic/ultramafic igneous
intrusions of the Kibaran Orogenic Belt of Central Africa
(ca 1275 m.y.) are potential sources of nickel–copper–cobalt
mineralization; they include the Kabanga deposit in
Tanzania7 and also lateritic nickel deposits derived by weath-
ering of nickeliferous igneous rocks of similar age in Burundi.

At the opposite end of the time spectrum, the base-metal
and silver deposits of North Africa relate variously to sedi-
mentary and deformational processes, in some cases also
granitic magmatism, of Phanerozoic age and linked to both
Hercynian and Alpine orogenesis.8

The late Proterozoic Pan-African orogenic belts (ca
950–450 m.y.) are somewhat more enigmatic, but two of
them represent mineral repositories of very considerable
importance—the Katangan Belt of Zambia and the DRC
(Democratic Republic of Congo, formerly Zaire), which
hosts the Central African Copperbelt, and the Damaran Belt
in Namibia, which hosts a considerable number of base-metal
deposits and also a number of relatively small lode-gold
deposits. With these important exceptions, the Pan-African
sequences of Africa have tended not to be the first priority
for mineral exploration when assessed against the historical
perspective of exploration successes and mineral production
in Archaean, early Proterozoic and Phanerozoic terranes.
However, recent advances in understanding of the evolution
of Pan-African sequences and a number of recent exploration
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successes suggest that Pan-African terranes merit more atten-
tion than was previously accorded to them. This perception is
now considered in more detail.

Pan-African orogens

Pan-African orogenic belts are an important component of
African geology and are developed extensively throughout the
continent (Fig. 2). The belts developed in a series of orogenic
cycles over a long period (950–450 m.y.) and led to the
formation of the African sector of the Gondwana superconti-
nent. The orogenic styles were diverse and ranged from major
continental collision (Mozambique Belt) through the closure
of small oceanic tracts (e.g. Damara Belt) to major accre-
tionary belts of island arcs and microcontinents (e.g. the
Nubian Shield). In view of this diversity of orogenic evolution
through time and space during Pan-African times it is not
surprising that correlation of stratigraphic sequences and
thermal and tectonic events between the different terranes is
difficult (Fig. 3) and, in some cases, irrelevant.

As part of a continuing review of the mineral potential of
Africa by Exploration Consultants Ltd. (ECL), the geology
and evolution of the larger Pan-African belts in subequatorial
Africa are summarized here and the commentary is extended
to some of the major terranes of northern and northeastern
Africa.

Damara Belt
The rocks making up the Damara Orogen cover most of
Namibia and consist of coastal and northeast-trending
branches that can be divided into a number of contrasting
tectonostratigraphic zones. The Damara Orogen constitutes
one of the most southerly of all the extensive, late Precambrian
Pan-African mobile belts. Despite superficial cover, which
obscures deeper tectonic relationships, the Damara Belt

appears to link up, in a northeast direction, with the Pan-
African Katangan/Lufilian Arc system of Central Africa.

The orogen can be divided into a number of distinct zones
on the basis of stratigraphy, structure, metamorphic grade,
plutonic rocks, geochronology and aeromagnetic expression,
forming the coastal Kaoko Belt and the important northeast-
ern arm extending towards the Lufilian Arc.14 The structure
and tectonothermal history of the northeast arm of the orogen
have been explained in terms of a plate-tectonic model based
on the presence of paired metamorphic belts; extensive calc-
alkali granite intrusions; an asymmetric structure; an
intensely thrusted southern margin; and basic and ultrabasic
igneous rocks (which have, respectively, ocean-floor and
Alpine chemistries) occurring in association with a high-pres-
sure, schistose flysch.14

West Congolian Belt
The West Congolian Belt can be traced more than 1300 km
from Gabon in the north through Congo (Brazzaville) and
southwards into Angola. Three distinct structural zones
can be recognized from east to west: (1) an external (sub-
horizontal) zone of foreland basin deposits; (2) a median
(folded) zone of telescoped, passive margin sediments meta-
morphosed to greenschist facies; and (3) an internal zone
where, except for intrusive bodies, only high-grade pre-West
Congolian rocks are exposed.

The western and central zones comprise essentially a low-
grade metamorphic sequence dominated by (red) arenaceous
and pelitic sediments underlain by calcareous and pelitic
rocks, ‘pebbly’ schists (mixtites) and basic volcanic rocks.
Sedimentation occurred on a continental margin—the West
Congolian Rift. These sediments are bounded to the west by
a crustal block of metavolcanic and sedimentary rocks, which
were thrust eastwards on to the median zone during the later
part of the Pan-African orogeny.17
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Katangan Belt
The Pan-African Katangan Belt has been the subject of inten-
sive study ever since exploitation of the Central African
Copperbelt began in the early twentieth century. The rocks
of the Katangan Supergroup, which dominate the region,
comprise a lower sequence of subaerial and shallow-marine
sediments (the Lower Roan), passing upwards into argillites,
dolostones and arenites (the Upper Roan) and finally into the
Mwashia Formation, which comprises carbonaceous shales,
argillite and carbonate rocks. The Katangan tectonostrati-
graphy is currently the subject of considerable revision,18,23

but the following key elements have emerged:
890–850 m.y. Rifting of the Kibaran basement, leading to
syn-rift sedimentation, bimodal volcanism and granite
emplacement
850–600 m.y. Continued extension leading to emplacement
of mafic volcanic rocks in a transitional oceanic crust and
development of a passive-margin sequence that forms the
bulk of the Roan Group
600–530 m.y. Poorly constrained orogenic metamorphism
and deformation that led to telescoping of the Roan Group
on to the continental platform and possible concomitant
fluid expulsion and development of copper mineralization.
Concurrent processes included development of a foreland
basin and accumulation of the Kundelungu Group sediments
and emplacement of the Hook Granite Complex in central
Zambia
Post-530 m.y. Emplacement of late foreland and post-
kinematic granites

Undoubtedly, in view of the considerable evidence for
thrust tectonics in the region, the previously accepted strati-
graphic correlations within the Katangan sequence will
undergo significant revision in the future.

Mozambique Belt
The Mozambique Belt is a north–south-trending belt of
medium- to high-grade metamorphic rocks that extends
4000km from southernmost Ethiopia through Uganda, Kenya
and Tanzania to Malawi, Mozambique and Madagascar. The
belt exhibits a polycyclic history and was affected by major
thermotectonic events in mid-Proterozoic and Pan-African
times.19,26 It is widely regarded as the major tectonic boun-
dary between East and West Gondwana.

Key events equated to the Pan-African orogenesis are:
870 m.y. Rifting leading to passive margin development.
Allocthonous ophiolites occur within the northern part of the
belt and were emplaced during early phases of deformation
820–830 m.y. Commencement of contractional tectonism in
the north-central sector of the Mozambique Belt (Kenya to
Tanzania)
750–650 m.y. Collisional orogenesis
715–645 m.y. Granulite-facies metamorphism
640–550 m.y. Major transpression resulting in further crustal
shortening and lateral tectonic escape during the final stages
of continent–continent collision
538 m.y. Possible thrust-emplacement of Neoproterozoic
sedimentary rocks in northern Mozambique and Tanzania
500 m.y. Scattered post-kinematic plutonism
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The dominant rock types are foliated hornblende–biotite–
gneisses, pyroxene granulites and migmatites, many of which
are recognized as deformed granitoids with enfolded schists,
quartzites, marbles and amphibolites. Granites and peg-

matites are usually post-kinematic. In Kenya and Tanzania
the Mozambique Belt is composed of a Proterozoic passive
margin sequence of quartzites, marbles and graphitic pelites
deformed with their basement of Archaean high-grade
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gneisses and granulites of probable Archaean age.
The Mozambique Belt is often regarded as the southward

continuation of the low-grade arc terranes of the Arabian–
Nubian Shield. However, recent Sr and Nd isotopic studies
on charnockites and granites at the northern end of the
Mozambique Belt in Eritrea show that they contain no evi-
dence of pre-Pan-African crust.1 This suggests that, although
the northward extension of the Mozambique Belt through to
the Arabian–Nubian Shield has been stated to define a single
East African Orogen, there are significant differences between
the northern and southern sectors of the belt, which may
relate to fundamental differences in the original tectonic
environments. The implications for metallogenesis and explo-
ration are considerable. For this reason, the Pan-African
terranes of the Arabian–Nubian Shield are considered sepa-
rately elsewhere. Brief mention is made here of Madagascar,
primarily as an example of a Pan-African belt where recent
studies have proved to be particularly informative and where
the mineral potential is believed to be significant.

Southern Mozambique BeltÑ Madagascar
The Precambrian of Madagascar is divided into two sectors
by the northwest-trending Ranotsara shear zone. North of
the shear zone high-grade metamorphic rocks (granulites,
gneisses, migmatites and granites) are common, but low-
grade greenschist-facies rocks are also present. Emplacement
ages for some granitoid gneisses range from 2522 to
3187 m.y.12 South of Ranotsara most rocks have deformed
and metamorphosed under granulite- and high-amphibolite
facies conditions during the Pan-African orogenesis. Six tec-
tonic belts have been recognized in terms of their different
stratigraphic groups and these are bounded by zones of finely
banded gneisses up to several tens of metres wide, which have
been interpreted as ductile shear zones.

A belt of gabbroic and granitic plutonic rocks in west-
central Madagascar yields emplacement ages of 804–
776 m.y. and is believed to constitute the root of a continen-
tal magmatic arc.10 A widespread, younger magmatic and
metamorphic event occurred in the period 650–550 m.y. and,
towards the end of this event, extensional detachment and
collapse culminated in the emplacement of granitic and
alkali-granitic plutons.4,12

Northeast Africa
Although there is scattered evidence of high-grade metamor-
phic rocks characteristic of the Mozambique Belt in northeast
Africa (e.g. in the Red Sea Lowlands of Eritrea1), the Pan-
African assemblages are much more typical of those of the
Red Sea Hills of Sudan and Egypt. The terranes of Ethiopia
demonstrate the distinct shift in tectonic setting when com-
pared with the Mozambique Belt in Kenya and further south.
Here the region comprises a complex sequence of accreted
juvenile arc rocks developed in a range of island-arc, back-arc
and fore-arc accretionary wedge environments,22 interleaved
with microcontinental slivers. The metamorphic grade is
mostly in the greenschist range. Mafic and ultramafic rocks of
ophiolitic character were entrained between these accreted

terranes.21 High-grade metamorphic rocks in western
Ethiopia represent microcontinental remnants and have been
intruded by syn-kinematic peraluminous and high-K post-
kinematic granitoids derived by melting of the older crustal
rocks.

Similar evidence of protracted terrane accretion and
crustal reworking is commonplace northwards into Eritrea,5

Sudan, Saudi Arabia and Egypt and also eastwards into the
Yemen.24

Hoggar
The western part of Hoggar in Algeria marks the eastern
boundary of the West African Craton, a boundary that is
demarcated by the East Ouzzal Shear Zone (EOSZ).13 The
shear zone comprises a north–south-trending mylonite belt,
up to 3 km in width, which extends from the northwestern
area of Hoggar southwards as the ‘Trans Saharan Belt’
through western Niger and through western Benin and Togo,
where it is represented by the Dahomeides orogen. West of
the EOSZ lie orthogneisses and granulites of Archaean and
early Proterozoic age composing the West African Craton. To
the east lie gneisses and quartzites of mid-Proterozoic age
intruded by a major, composite gabbro-granodiorite batholith
of Pan-African age (620–530 m.y.). Further east and also
southwards in Mali the younger sequence comprises a
strongly deformed zone, at least 100 km in width, dominated
by late Proterozoic greywackes and andesites indicative of an
island-arc environment.2 In fact, the results of recent studies
strongly suggest that the whole region from the Hoggar east-
wards to the Pan-African terranes of Egypt, Sudan and Saudi
Arabia comprises a continuous, though poorly exposed,
accretionary arc orogenic belt some 4000 km in width, com-
parable in size to the Altaids of Central Asia.

Rokelide–Mauritinide Belt
The western margin of the West African Craton is demar-
cated by the Rokelide–Mauritinide Belt, a major orogenic
zone exhibiting a complex tectonic evolution, which included
reactivation in its northern sector during Hercynian times.
Gold exploration is under way in many areas of this orogen.

Metalliferous mineral deposits: known and poten-
tial

The gold and base-metal potential of the major Pan-African
orogens is summarized below. The potential for ortho-
magmatic nickel–copper and platinum-group element
mineralization in the ophiolitic sequences of the East African
Orogen has been considered in a broader review by ECL and
certainly merits consideration, but is omitted from the pre-
sent contribution in the interests of brevity.

Damara Belt
The Damara Belt hosts a number of small and medium-size
base-metal deposits, the largest of which are identified in
Table 1. A gold potential has been highlighted in recent years
by the discovery and exploitation of the Navachab mine with
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Table 1 Largest base-metal deposits of Damara Belt

Deposit Type Tonnage Contained metal
Grade (where known) Tonnage

Tsumeb Mississippi Valley type (MVT) 25000 000 Cu, Pb, Zn, Sb, V, As, Ag, Ge, G
Otjihase Volcanogenic massive sulphide 17000 000 2.0% Cu 340 000 t Cu
Matchless Volcanogenic massive sulphide 2 500 000 2.5% Cu 1.5% Zn Ag 8 g/t 100 000t Cu + Zn
Oamites Sedimentary Cu? 8 000 000 1.2% Cu Ag 96 000 t Cu
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a reserve of 10 400 000 t at a head grade of 2.4 g/t gold.20

Gold
Gold occurrences have been identified in the central zone of
the Damara Belt and also, of lesser importance, in the
northern zone. Within the central zone the gold occurs as
disseminated and vein-type deposits in pre-Pan-African base-
ment metavolcanics and metadolerites and in basal Damaran
quartzites. The more important occurrences, however, are
hosted by carbonate and pelitic rocks of the upper Damaran
sequence and most commonly in the vicinity of late- to post-
kinematic leucogranites and pegmatites.20 The Navachab
mineralization comprises transgressive zones of quartz-vein
stockworks and enveloping skarn-like alteration zones of
quartz + garnet + diopside + pyrrhotite ± phlogopite.16,20

The widespread occurrences of gold in the Damara Belt
and its association with late contractional structures (thrusts
and shear zones) and late- to post-kinematic felsic intrusions
reinforce the belief of Steven and co-workers20 that the gold
potential of the Damara Belt is significant. The availability of
a wide variety of chemically reactive host rocks ranging from
mafic igneous rocks and pelites to calcitic and dolomitic
marbles underpins the potential of the region.

Base metals
The more important deposit types known in the Damara Belt
are as follows.25

Carbonate-hosted Cu–Pb–Zn More than 600 occurrences are
hosted by carbonate sequences of the Northern Platform
sequences. The largest deposits are Tsumeb, Kombat, Berg
Aukas and Abenab in the Otavi Mountain Land of northern
Namibia. The Tsumeb and Kombat deposits feature complex
sulphide ores that contain Cu, Pb, Zn, Ag, As, Ge, Cd and
Ga. Ore minerals, usually in disseminated form, occur in
pipes, solution breccias, shear zones, dilatation fractures and
net-vein fractures. The Berg Aukas type is more similar to the
Pb-rich members of the MVT deposits; they contain sulphide
ores with Pb, Zn and V, but have little or no Cu. Although
they are enriched in Ag, Ge, Ga and Cd, the concentrations
of these elements are typically much less than in the Tsumeb
type. The mineralization may be strata-bound or discordant
and the orebodies occur in breccia bodies, often associated
with karst structures.

Matchless-type massive sulphides Cu–Zn(–Ag–Au) deposits
are sporadically developed along the 350-km strike length of
the Matchless Amphibolite Belt within the Khomas Trough.
The Matchless Member marks the suture along which rifting,
oceanic spreading and collision occurred. The massive and
semi-massive pyritic copper orebodies and amphibolites are
conformably interbedded with the schistose metasedimentary
rocks, amphibolite and minor layers of graphitic schist and
calc-silicate. The amphibolites, which range in thickness from
0.5 to 3 km, represent metamorphosed mafic volcanic and
intrusive rocks of ophiolitic origin. The deposits include
Otjihase, Ongeama, Ongombo, Onganja northeast of
Windhoek, Kupferberg within the city of Windhoek, the
Matchless cluster of deposits southwest of Windhoek and the
Gorob cluster (including Gorob, Vendome, Luigi, Far West
Bruna, Hope and Anomaly) near the southwest extremity of
the Matchless Belt.

Sediment-hosted copper The type example of the sediment-
hosted copper deposits is Oamites, which is hosted by
amhipbole–biotite schists, quartzites and rudites within the
south marginal zone of the Damara Belt. The dominant sul-
phides in this now closed mine were pyrite, chalcopyrite,

bornite, neodigenite and chalcocite and the ore was charac-
terized by anomalous concentrations of uranium, reportedly
within monazite.

Namib lead The Namib lead mine worked a small, high-
grade Pb–Zn–Ag deposit (now mined out) hosted in marbles
of the Karibib Formation in the central zone of the Damara
Belt. The strata-bound deposit has been metamorphosed to
granulite facies and intensely deformed, the sulphides being
redistributed into a series of small but high-grade pods. The
deposit, although very small, was perceived as an attractive
target for a small mining company by virtue of its high grade
(>10% combined Pb–Zn).

The target offering the greatest potential for base-metal
discoveries in the Damaran Belt is probably MVT-type
mineralization in the carbonate sequences of the Northern
Platform and Central Zone. Widespread evaporites could
well have contributed to the development of saline brines and
the evidence for both intrusive11 and extrusive activity sug-
gests an enhanced thermal flux, which could have
contributed to the mineralizing process. The marble unit
hosting the Namib lead deposit is regionally extensive and
contains anomalous levels of lead and zinc over a strike dis-
tance of some 120 km.

West Congolian Belt
The major potential in this orogen is for MVT Pb–Zn
deposits in the foreland carbonate sequences and also
sedimentary–exhalative massive sulphides associated with
the submarine volcanism. Gold showings reported in the
belt also highlight the potential for thrust-hosted lode-gold
mineralization.

Katangan Belt
The metal endowment of the Katanga succession—in parti-
cular, the Mine Series Group—makes it one of the world’s
most important metal plays, hosting in excess of three billion
tonnes of copper ore (disregarding the Shaba Province of
DRC), together with substantial tonnages of cobalt and lesser
quantities of platinum-group elements, nickel, gold and
uranium.6 Additionally, there are substantial resources of
iron (in excess of 900 000 000 t at >50% Fe), some bedded
manganese and significant Zn–Pb resources emplaced within
carbonate rocks in the Kabwe area. Largely postdating these
are the gold–silver and base-metal deposits associated with
the deformation, granitic magmatism and fluid flow that
characterized the late Pan-African basin inversion and oro-
genic collapse.

Exploration and evaluation of the known sediment-hosted
copper orebodies of the Central African Copperbelt continue
in Zambia and the search is widening to encompass struc-
turally controlled orebodies related to thrusting and thus
located at higher stratigraphic levels than the typical Lower
Roan-hosted mineralization. Emphasis is also being placed
on exploration for FeO–Cu–Au(–U–REE) deposits associ-
ated with the late-kinematic basin inversion and orogenic
collapse in western Zambia.

Mozambique Belt
Hitherto, the search for metalliferous mineral deposits in the
Mozambique Belt has been largely unsuccessful, although the
belt has tended not to be a major focus for exploration. Acom-
bination of geological complexity (high-grade metamorphism,
multi-phase deformation) and often remoteness of the terranes
has contributed to the perception that the Mozambique Belt is
of low potential and is difficult to explore. Nevertheless, dis-
seminated low- to moderate-grade copper occurrences have
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been reported from many localities in Mozambique and
Tanzania and massive copper and zinc–copper deposits have
been identified in eastern Zambia. Major zones of hydro-
thermal alteration in northern Mozambique and southern
Tanzania attest to extensive fluid fluxing and are often accom-
panied by indications of gold mineralization. Late and
post-tectonic granitoids and pegmatites are also known to have
been emplaced throughout the same region.

There is no doubt that this part of the East African Orogen
represents a deeply exhumed portion of the earth’s crust and,
as such, any syn-accretionary massive sulphide deposits are
likely to be highly deformed and even mineralogically recon-
stituted. Nevertheless, there is no reason why such deposits
should not be present and be characterized by substantial
tonnages of metals. The deposits most likely to be discovered,
however, are mesothermal lode-gold deposits (and even
higher-temperature equivalents) and vein and skarn-type pre-
cious- and base-metal deposits associated with extensional
collapse, particularly in Madagascar and adjacent terranes.

Hoggar
One of the most exciting and intriguing developments in
recent years is the recognition that the Hoggar Pan-African
belt actually represents the western margin of one of the
world’s largest accretionary-arc terranes, extending continu-
ously from the West African Craton to Sudan and Egypt. The
gold and base-metal potential of the Red Sea Hills region of
Egypt, Sudan, Eritrea and to the west of the Red Sea in Saudi
Arabia has been well demonstrated by exploration and
mining in the past three decades. Consequently, the potential
for further discoveries of lode gold and even porphyry–
epithermal deposits as well as exhalative massive sulphide
deposits in this enormous region of northern Africa is sub-
stantial, but caveats include limited exposure and climatically
often inhospitable areas.

Future exploration

Future explorationists in Africa face two scenarios: ground
that has already been explored but merits re-evaluation in the
light of new techniques and/or data (e.g. the Central African
Copperbelt and Damara Belt); and ground that has been sub-
ject to relatively little or no previous exploration (e.g. the
Mozambique Belt and Hoggar). The first situation is often
accompanied by a wealth of empirical data and detailed geo-
logical interpretations, some of which may be outdated by
new theories and must be critically reviewed. In these areas
deposit models are often well established and further explo-
ration simply involves step-outs along a trend from known
deposits. The second situation may leave the explorationist
facing a formidable task, with only a few geological survey
and mineral occurrence maps to assist the process. In both

circumstances application of genetic exploration methods, by
focusing down from the large to the small scale, can lead to
exciting new plays and prospects.

This methodology adopts a genetic rather than an empiri-
cal approach and is based on the source–migration–trap
paradigm used in petroleum exploration, the trap translating
into an ore depositional site. In the case of hydrocarbons
exploration is based on assessment of the evidence and
characteristics of these three elements. For epigenetic miner-
alization the corresponding paradigm relates geofluid sources
and the migration and interaction of the fluids in the subsur-
face environment with rocks and/or other geofluids. Analysis
of these components at progressively finer scales of investiga-
tion forms the basis of genetic exploration (Table 2).

Geodynamic scale
The first step in the genetic modelling procedure addresses
the geodynamic domain and crustal components of a region
and the potential for the sourcing of geofluids. Domains can
be classified into either active arc regions or anorogenic sedi-
mentary basins or one of three end-member orogenic styles
on the basis of the development of arcs and the amount of
accreted material. The orogenic styles are a continuum from
‘Alpine’ style (with no arc development and little accretionary
material), through ‘Himalayan’ style (arc developed and
some accreted material) to ‘Altaid’ style (numerous arcs and
a great deal of accreted material). Each domain may be com-
posed of numerous crustal components (terranes). Once the
components have been identified and characterized the
potential for sourcing of mineralized fluid(s) can be assessed.
This is a complex process in which the metamorphic and
magmatic history is related to basin development and tecton-
ics, leading to an assessment of the potential of a terrane for
the generation of families of fluid types. The potential for the
sourcing of and subsequent migration of specific metal(s) is
then given a prospectivity rating based on the fluid types. The
Pan-African terranes in Africa have all three orogenic styles
(e.g. the Alpine- to Himalayan-style Damara Orogen and the
Altaid-style Hoggar-Red Sea domain), characterized by a
spectrum of components and very varied fluid potential.

Terrane scale
Terranes are selected for further evaluation on the basis of
either the best potential for the metal(s) sought or non-geo-
logical constraints, such as the availability of ground or the
presence of country borders. Maps of the terranes are com-
piled at a regional scale showing all available structural,
metamorphic and lithostratigraphic data and known geofluid
occurrences (including hydrocarbon). Evidence for the pres-
ence of epigenetic mineralizing systems is integrated from
known mineral occurrences, alteration assemblages and any
other evidence of fluid flow.
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Table 2 Comparison of petroleum and minerals exploration levels of investigation

Scale Mineral exploration Petroleum level of Equivalent level of
terminology exploration mineral exploration

Domain, Province No equivalent Geodynamic analysis
thousands of kilometres

Terrane, Belt Basin analysis Crustal component analysis
hundreds of kilometres Petroleum systems analysis Geological studies

Mineralizing system analysis

District, District–camp Petroleum play analysis Mineral play analysis
tens of kilometres

Deposit, kilometres Deposit Prospect Prospect (target)
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Mineral play scale
At the mineral play stage the data are synthesized to construct
play types—both known plays (deposit models) and any
others that can be conceptualized and are supported by the
data. The source, transport and trapping mechanisms will be
unique to each play type (Fig. 4). Areas where each of the
play types could occur can then be overlain on the terrane
analysis map to define play fairways with high exploration
potential.

Prospect scale
The final stage of the genetic modelling requires a move away
from desktop studies towards field studies and more financial
commitment. Play fairways are investigated by geological
mapping and geochemical and geophysical surveys in the first
instance, exploration being focused on areas where the
features are optimal for the play type(s) chosen. From this
several exploration targets should emerge, allowing carefully
targeted mapping, surveying and trenching/drilling to evalu-
ate the prospect.

It is the authors’ contention that this type of meticulous
genetic modelling will play an increasingly important part in
future exploration activities in Africa, the greatest potential
being initially in its application to the Copperbelt, Damaran
Mobile Belt, West Congolian Belt and, possibly, the exposed
parts of the North African Altaid-style orogen (Hoggar to
Red Sea).
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