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When the major mineral deposits of Africa are studied in relation to the structure of the continent, two tectono-metallogenic units emerge, as follows: (a) younger orogens consisting of zones which have suffered orogenesis from time to time during the past ca. 1200 m.y. - characterised by major deposits of Cu, Pb, Zn, Co. Sn, W, Be and Nb-Ta; and (b) older cratons, with a record of older orogenesis but which have remained stable throughout the younger periods of tectonism - characterised by important deposits of Au, Fe, Cr, asbestos and diamond. The more localised metallogenic provinces of ore con​centration within these major units are briefly discussed.
1. INTRODUCTION
In the past sixty years, there have been a number of notable attempts to classify regions of mineral concentration. De Launay [1], for ex​ample, developed the concept of metallogenetic (or metallogenic) provinces for geographical re​gions characterised by certain types of ore min​eralisation. Somewhat later, Spurr [2] coined the terra metallographic provinces for regions char​acterised by certain types of mineralisation re​peated at different periods of geologic time.
In Africa, efforts have been made to delineate regions of similar metallogenic character [3,4] but these have, in a number of cases, been less than successful because they attempted to clas​sify mineral deposits in terms of time of forma​tion or emplacement, or geographical distribu​tion, rather than on structural environment. In recent years, however, the distribution of some major mineral deposits in southern Africa has been discussed in relation to the structural con​figuration of that part of the continent [5,6]; it is the purpose of this contribution to outline the ex​tension of these ideas to Africa as a whole.
In view of the wide extent of Precambrian rocks in Africa, structural analyses on a region​al scale must rely mainly on the results of ra-diometric dating studies (see, for example [7]). Prior to the use of these techniques, a number of
* The text o£ a talk given at the Third Symposium on African Geology held in Brussels in April 1966, and at the Ninth Annual Congress of the Geological So​ciety of South Africa held in Durban in July 1966.

orogenic events were recognised including: the Alpine orogeny (Atlas Mountains) [8]; and the Hercynian orogeny (northwestern Africa and the Cape fold belt) [9,10,11] (see fig. 1). Since the advent of radiometric dating techniques, a va​riety of Precambrian and early Paleozoic oro​genic belts have been dated. Of these, the more modern include: the late Precambrian-early Pa​leozoic (450-680 m.y.) belts of orogenesis ex​tensively developed throughout Africa [12-15]; and the Kibara belt (ca. 1100 ± 200 m.y.) of east and central Africa and its probable extension in the Orange River belt and in Natal in South Af​rica [14-16]. Together, these zones of younger Precambrian and Phanerozoic orogenesis repre-" sent a distinctive, though complex, regime of younger \orogens consisting of mobile zones which have suffered orogenic deformation from time to time during the past ca. 1200 m.y.; this more youthful structural regime is readily sub​divided from the older cratons which have re​mained stable over the past ca. 1500 m.y. and have not been disturbed by more modern (ca. 1200 m.y. to present) orogenesis.
When the major mineral deposits of Africa are considered in relation to these regimes a clear relationship emerges defining two distinct types of structural-metallogenic domains; young​er orogens, characterised by Africa's principal copper, lead, zinc, cobalt, beryllium, tin, tung​sten, and niobium-tantalum deposits; and older cratons, characterised by the major deposits of gold, ■ diamonds, platinum, chromium, asbestos and, outside of north Africa, iron ore reserves.
In view of this clear structural control in the
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distribution of important concentrations of ores, a new term - teclono-metallogenic unit - is in​troduced for the fundamental structural units (older cratons and younger orogens) character​ised by significantly different structural histo​ries and by major concentrations of distinctive ore deposits; metallogenic provinces may be de​fined as specific and more localised provinces of

mineral concentration within the major units. It is the purpose of this paper to discuss these en​vironments. The significance of the various de​posits mentioned is, of necessity, based on pub​lished production figures and ore reserves; these and other relevant data are quoted from Furon [17], De Kun [18], Pelletier [19] and other sources [20].
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Zones affected by orogenesis since Late Precambrian times
Zones of orogenesis during theKibaran orogeny, 1100±200 m.y. ago
Regions of ancient orogenesis stable at least since ca.1500 m.y. ago
Fig. 1. Generalised structural map of Africa. The specific regions affected by individual episodes of late Precam-brian-Phanerozoic, and pre-1500 m.y., orogenesis are not differentiated. Abbreviation: Z.B., Zambesi belt. The four older  cratons  are:   1. the Rhodesia-Transvaal Craton; 2. the Tanzania Craton; 3. the Angola-Kasai Craton; and
4. the West African Craton.
(After ca. 1100 ± 200 m.y. orogenesis, the consolidated Kibarides were added to the stable Angola-Kasai and Tan​zania cratons to form a single stable unit, the Congo Craton [12]; and the Orange River belt was likewise added to the Rhodesia-Transvaal craton to form the Kalahari Craton. These two, larger, cratons represent units which were stable after the Kibaran orogenesis and during late Precambrian-early Paleozoic orogenesis [7].)
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2. TECTONO-METALLOGENIC UNITS
2.1. Younger orogens
The majority of the important deposits of copper, lead, zinc, cobalt, beryllium, niobium-tantalum, tin and tungsten in Africa are concen​trated in the orogenic zones dating from the Ki-baran orogeny, ca. 1200 m.y. ago, to the present time (figs. 2 and 3). It will be obvious from the supporting data given below, that certain of these

elements appear to be strongly concentrated in more restricted provinces (for example, copper in the Zambia-Katanga Copperbelt); these metal -logenic provinces are discussed later. Neverthe​less both individually and, more important, cumulatively the economic concentrations of these elements show a dominant distribution in the younger orogens structural environment. There are, however, a number of minor concen​trations in the older cratons; see, for example,
[image: image1.jpg]LEGEND
dalxe wwq
10" 10
26" .
20
CAPE
LFOLD BELT
i & w0t0 o
MALMESBUR! — ’“
FOLD BELT
10" 20° 30" 40" 50°





o°
■0°
Cratons—stable at least since ca. 1500m.y. ago.
Orogens—deformed during   the  past ca. 1200m.y.
20-
▲▲
■■ □□
▼▼
COPPER
LEAD1
ZINC
COBALT
Nb.-Ta.
MICA
-ии
30°-
50°
20°

10°

20°
Fig. 2. The distribution of the principal deposits of copper, lead, zinc, cobalt, niobium-tantalum and mica in rela​tion to the principal tectono-metallogenic units of Africa. The deposits are as follows: 1. O'okiep; 2. Palabora; 3. Messina; 4. Sinoia District; 5. Zambian Copperbelt; 6. Katanga; 7. Macalder; 8. Kilembe; 9. Akjoujt; 10. Mavoio; 11. Tsumeb; 12. Berg Aukas; 13. Mindouli; 14. Niari; 15. Abakaliki; 16. Benue; 17. Wase; 18. Tessalit; 19. Mar-rakech; 20. Tafilalt; 21. Midelt; 22. Mibladen; 23. Bou Beker-Touissit; 24. Ouarsenis Mts.; 25. Jebel Gustar; 26. E.Algeria - Tunisia; 27. Kipushi; 28. Broken Hill; 29. Kolwezi; 30. Nkana; 31. Bou Azzer; 32. Karibib; 33. Bi-kita; 34. Mtoko; 35. Alto Ligonha; 36. Nkumbwa; 37. Panda Hill; 38.Mrima; 39. Sukulu; 40. Katumba; 41. Lueshe; 42. Kasese; 43. Maniema-Manono; 44. Berere; 45. Malakialina; 46. Benue; 47. Jos; 48. Caxito; 49. Wankie; 50. Mi​ami; 51,52. Tanzania.
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the map of the location of the chief mineral re​sources of Africa [20].
2.1.1.  Copper
About 96-97% of Africa's copper production is from deposits within the younger zones of oro​genesis (fig. 2). The principal contributors to this production are: Zambia (Nchanga and Mufu-lira) *, 55%; Congo (Kolwezi), 30%; South Africa (O'okiep), 4%; S.W.Africa (Tsumeb), 2.5%; Ugan​da (Kilembe), 1.5%; and Rhodesia (Sinoia, Man-gula),   2%.   Other  minor producers include Mo-
* Localities referred to in parentheses are some ex​amples of the principal producing mines, mining areas or deposits in the various territories.

rocco, 1%, and Angola; whilst important undevel​oped reserves exist in Mauritania (Akjoujt Dis​trict) [17-19].
In contrast, only a minor percentage of Af​rica's copper production comes from deposits in the more ancient cratonic regions (see fig. 2); of these, the more important are Messina (1.5%), Palabora in South Africa, and the Macalder Mine in western Kenya.
2.1.2.  Zinc
Almost all of Africa's zinc production comes from the younger orogens (fig. 2). In terms of percentages of Africa's annual production the principal producers are: Congo (Kipushi), 40%; Zambia (Broken Hill),  10%; Morocco (Bou Beker
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Cratons—stable at least since ca. 1500 m.y. ago.
Orogens— deformed during the past ca.  1200 m.y.
■ ■  BERYL AA  TUNGSTEN • •  TIN
Fig. 3. The distribution of the principal deposits of beryl, tin and tungsten in relation to the principal tectono-metallogenic units of Africa. The deposits are as follows: 1. Analava; 2. Malakialina; 3. Berere; 4. Alto Ligonha; 5. Bikita; 6. Mtoko; 7. Miami; 8. Karibib; 9. Northern Cape; 10. Warmbad; 11. Kobokobo; 12. S.W.Uganda and Rwan​da; 13. Kigezi; 14. Mt.Misoke; 15. Mt.Mokama; 16. Rwanda; 17. Miami-Karoi; 18. Wankie; 19. Gordonia; 20. Stein-kopf; 21. Natas; 22. Brandberg; 23. Mayo Darle; 24. Bauchi-Jos; 25. Tarrouadji Mts.; 26. Kasese.
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and Touissit), 18%; Algeria (El-Abed, Ouarsenis Mts., Jebel Gustar), 10-15%; and South-West Africa (Tsumeb), 10-15% [17,18]. Other impor​tant producers include Tunisia (El Akhouat) and Nigeria (Abakaliki and Benue); minor deposits occur in East and South Africa, Egypt and Mali.
2.1.3.
Lead
Virtually the whole of Africa's lead produc​tion is obtained from various deposits in the younger orogenic belts. Of Africa's annual pro​duction, Morocco (Bou Beker and Touissit) and S.W.Africa (Tsumeb and Berg Aukas) are re​sponsible for about 80%; other important pro​ducers include: Zambia (Broken Hill), 6-7%; Tu​nisia, 9%; and Algeria, 4%. In addition, lead is produced from Katanga, the Lower Congo region (Niari), Nigeria (Abakaliki) and Egypt.
2.1.4.
Cobalt
Africa is the principal source of the world's cobalt, and virtually all of it comes from the younger orogenic belts. Production illustrated as a percentage of Africa's output is as follows: Katanga (Kolwezi), 75%; Zambia (Nkana), 15%; and Morocco (Bou Azzer), 7-8%. In addition co​balt is produced at Kilembe in Uganda as a by​product of copper mining (fig. 2).
2.1.5.
Niobium-tantalum
The greatest concentration of Nb and Та is within the younger orogenic belts in two princi -pal modes of occurrence: (i) pegmatites; and (ii) igneous intrusions (carbonatites and granite in​trusive s).
The eastern Congo reputedly holds nearly 70% of Africa's reserves of Nb-Ta [18] principally in pegmatites (Maniema, Manono, and Kasese) and in carbonatites (Lueshe). Other important de​posits include: Uganda (Sukulu carbonatite); Ken​ya (Mrima carbonatite); Tanzania (Panda Hill); Nigeria (pegmatites and younger granite com​plexes); Mozambique (Alto Ligonha pegmatite); South Africa (Orange River pegmatites); and the Malagasy Republic (Malakialina and other peg​matites) {fig. 2).
With certain exceptions such as the Bikita pegmatite of Rhodesia, the important pegmatitic Nb-Ta deposits lie within the younger orogenic zones. In addition, most of the carbonatite and younger granite associations of these deposits lie within these zones, with the exception of Su​kulu, and the Panda Hill alkaline complex.
2,1.6. Tungsten More than   95% of Africa's tungsten produc-

tion is from the younger orogens. Within these extensive zones, the most important province extends from southwest Uganda (Kigezi), through Rwanda (Kifurwe, Kigali) and into the eastern Congo (Mt. Mokama, Mt. Misoke, Kasese and Ka-lima) (fig. 3). Together these regions are re​sponsible for some 80% of Africa's production. In the probable southward extension of this belt, in the northern Cape Province of South Africa, the Gordonia and Steinkopf areas have been im​portant tungsten producing areas. Of similar significance, the Windhoek-Brandberg region of South-West Africa provides some 8-10% of Af​rica's tungsten output, whilst the Wankie-Karoi region of Rhodesia is also a significant produc​er.
In contrast to this major concentration in the younger belts of orogenesis, some tungsten (< 5%) is produced from the older cratons as, for example, in Rhodesia (Concession).
2.1.7.
Tin
The deposits of tin within the domain of the younger orogenic belts provide approximately 95% of Africa's annual production. The regions of the eastern Congo (Manono, Maniema) and Ni​geria (Jos-Bauchi) together provide 80% of Af​rica's output. In addition, the approximate per​centages of African production yielded by other important producing territories from the young​er orogenic belts are: Rwanda, 7%; Rhodesia (Kamativi), 3%; South-West Africa (Brandberg), 1%; and Tanzania (Kyerwa), Cameroons (Mayo Darle), Uganda (Mwirasandu) and the Niger Re​public (Tarrouadji Mts.) together, ca. 2% (17-19). The principal exception is the tin mineralisation associated with the Bushveld complex in the an​cient Transvaal nucleus; this provides the major part of South Africa's tin, but a minor part (< 5%) of Africa's overall annual production.
2.1.8.
Beryllium
90-94% of Africa's beryl production is from pegmatites in the younger orogenic belts; the principal producers are Uganda, the Congo, Rwanda, Malagasy Republic, Mozambique, South Africa, South-West Africa and Rhodesia.
One of the principal producing provinces in​cludes southwest Uganda, Rwanda (Katumba) and the eastern Congo (Kobokobo, Manono) in the Ki-baran orogenic belt (fig. 3); a second important region is the probable continuation of this belt in the Orange River region of the northern Cape Province of South Africa. In Mozambique, the Alto Ligonha pegmatite is a very important pro​ducer of beryl,  whilst other significant produc-
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tion is from pegmatites of the Karibib-Brand -berg region of South-West Africa, and of Ana-lava, Berere and Malakialina of the Malagasy Republic.
Of all the distinctive products which charac​terise the younger orogens, beryl is perhaps the least definitive, and numerous scattered pegma​tites (including Bikita and Filabusi) in the Rho-desian section of the older cratonic region, yield beryl as a by-product of lithium and other min​ing.
2.2.  Older cratons
In contrast to the orogenic belts which have suffered tectonism within the past ca. 1200 m.y., the regions  of ancient   stability,  at least since

ca. 1500 m.y. ago, are the source regions for the major part of Africa's gold, chromium, plati​num, asbestos and diamonds. In addition, these regions are the regime of very important iron concentration.
The confinement of major deposits of these ore products to the older cratons structural en​vironment, is however not as clear as the con​centration of characteristic deposits in the younger orogens. At least one probable reason for this is the preservation, in the younger oro​gens, of element-concentrations characteris​tic of the older cratons where large segments of the latter have been involved in the more youth​ful activity of the former. A number of gold, iron and asbestos deposits, generally within marginal i
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Cratons—stable at least since ca. 1500 m.y. ago.
Orogens—deformed during the past ca. 1200m.y.
■ ■ DIAMONDS
▲ ▲ GOLD
•      PLATINUM
Fig. 4. The distribution of the principal deposits of diamonds, gold and platinum in relation to the principal tec-tono-metallogenic units of Africa. The deposits are as follows: 1. Kimberley; 2. Lichtenburg; 3. Lower Orange River; 4. Tshikapa-Lunda-Bakwanga; 5. Mwadui; 6. Bria; 7. Haute Sangha; 8. Birrim; 9. Seguela; 10. Kankan-Beyla; ll.Se-fadu; 12. Sewa; 13. Orange Free State; 14. Rand; 15. Barberton; 16. Rhodesia; 17. Lupa; 18. Geita; 19. Kiabakari; 20. Kakamega; 21. Kivu; 22. Kilo-Moto; 23. Roandji; 24. Fort Rousset; 25. Mayumbe; 26. Eteke; 27. Prestea-Tarkwa;
28. Poura; 29. Bomi Hills.
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parts of the younger orogens, certainly owe their present distribution to this effect. In addi​tion, although the majority of the major iron concentrations over the greater part of Africa can be related to the older cratons, this is not possible for the Phanerozoic deposits of North Africa.
Despite these complicating factors, on the available data, there is an obvious correlation between the major deposits of gold, asbestos, chromium, iron (except for North Africa; dis​cussed later) and diamond source-rocks on the one hand, and the older cratons structural en​vironment on the other.
2.2.1.
Gold
Something like 97% of Africa's gold is ob​tained from the ancient stable regions, or from the marginal portions of the cratons where they have been rejuvenated by younger orogenesis (fig. 4). The principal producing regions and their percentage contribution to African annual output are: South Africa (Orange Free State and the Rand), 90%; Ghana (Prestea-Tarkwa and Bi-biana), 3-4%; the Congo (Kilo-Moto and Mayum-be), 2%; Rhodesia, 2-3%; and Tanzania - Kenya (Geita, Lupa, Kakamega and Kiabakari), 0.5-1%. Other producers include Liberia (Bomi Hills), Volta (Poura), Gabon (Eteke District), Rwanda (L. Kivu), and the Central African Republic (Ro-andji).
2.2.2.
Diamonds
Diamonds present a difficult economic prod​uct in any consideration of the tectonic control of mineralisation, since they are not only concen​trated in the original source rocks (kimberlite, kimberlitic breccia, etc.) but are also present as placers in subsequent sedimentary sequences. In the analysis of their relationship to structural units it is therefore germane to discuss the source regions of the latter.
In many cases major diamond deposits are directly worked in their kimberlitic source, or in alluvial deposits very close to that source. The principal African deposits of this kind are: (i) the kimberlite regions of the Transvaal and Cape Provinces (Premier, Kimberley) of South Africa; (ii) the Tshikapa-Lunda-Bakwanga dis​trict of northeastern Angola and the Congo, which produces nearly 70% of Africa's industrial diamond output; (iii) the Mwadui pipe of Tan​zania; (iv) the Kankan-Beyla region of Guinea; and (v) the Sefadu region of Sierra Leone. All of these areas lie within the older cratonic regions of Africa (fig.   4);  indeed,   although there  are

many kimberlite intrusions within parts of the younger orogens, particularly in zones of Ki-baran activity (see fig. 1) they are largely barren or have a low diamond concentration. *
In addition, there are a number of producing regions where alluvial diamonds are believed to be a considerable distance from their source or, in their last cycle of transportation, were de​rived from areally associated non-kimberlitic rocks, or both. These deposits include: the Sewa placers of Sierra Leone, derived from the Sefadu region to the east (see above); the Birrim and Bonsa placer concentrations of Ghana; the Se-guela-Tortiya placers derived from the under​lying Lower Birrimian sediments in the antique stable craton of West Africa [17,18]; the Lich-tenburg placers of South Africa, derived from the stable cratonic region to the northeast; the Haute Sangha placer deposits of the Central Af​rican Republic, believed to have their diamond source in the Cretaceous Kwango conglomer​ates to the east and south; and the Bria placers (fig. 4). In almost all of these cases, the source of the alluvial diamonds can be readily related to the older cratonic regions. Of particular interest are the Haute Sangha, Bria and the Tshikapa-Lunda-Bakwanga diamond deposits for they are situated around the margins of the Carbonifer-ous-to-Recent Congo Basin [18] which is, itself, centred on the older cratonic region which cov​ers much of Angola, the Congo and the southern Cameroons (see figs. 1 and 4). Within this region the Tshikapa-Lunda-Bakwanga deposits are as​sociated with kimberlitic rocks, the Haute Sangha deposits are alluvials derived from the Congo Basin sequence; whilst the real source of the Bria diamonds is, as yet, unknown.
In the consideration of the thesis that the vast majority of Africa's diamonds have their source in the ancient stable regions, especial mention must be given to the very important deposits of the west coast of southern Africa to the north and south of the mouth of the Orange River, where diamondiferous gravels occur in Eocene-Miocene beds and in late Tertiary to Recent sed​iments [22]. The diamondiferous sediments oc​cur all along the coast from the Cape of Good Hope to Angola but the stones decrease in size northwards and southwards from the mouth of the Orange River [23]. This has been taken to indicate an  origin by way of  the Orange River
* Kennedy [13] has suggested that the occurrence of diamond and kimberlite in West Africa is confined to the marginal regions of the older craton; this sug​gestion is not, apparently, applicable elsewhere in Africa (see fig. 4).
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from interior South Africa, where the economic kimberlites in the northern Cape Province (Kim-berley) and the Transvaal (Premier) occur with​in the older cratonic region of South Africa (fig. 4); in view of the relationships elsewhere in Africa, this interior region must now be consid​ered to be the most likely source for the coastal diamonds.
2.2.3.
Chromium
Over 97% of Africa's chromium production is from the older cratonic regions (fig. 5) with South Africa, Rhodesia and Sierra Leone as the principal producers. In South Africa, chromite is mined largely from the Bushveld Igneous Complex at Lydenburg, Rustenburg and else​where; in Rhodesia, chromite is produced from the Great Dyke and also from serpentine in the ancient schist belts (Selukwe); and in Sierra Leone (Hangha district) chromite is mined from serpentine-dunite bodies. In the same structural setting, chromite in Togo (Mt. Djeti) is in ultra -basic rocks whilst Dahomey (Tanguieta) also has reserves of importance. The deposits of the Ma​lagasy Republic (Andriamena) are principally in talc schists and represent some of the few sig​nificant occurrences of chromite preserved in the younger orogens.
2.2.4.
Asbestos
About 98-99% of Africa's production comes from the older craton in South Africa, Rhodesia and Swaziland; or from the deformed margins where more youthful orogeny has affected the cratonic sequence, as for example, in Bechuana-land and the Cape Province of South Africa (fig. 5). The relative percentages of Africa's to​tal production are as follows: South Africa, 50%, Rhodesia, 40%; Swaziland, 8%; and Bechuana-land, 1%. Small producers include Mozambique (Manica), Egypt, Kenya and Morocco.
2.2.5.
Iron
As mentioned previously, outside of the northern and northeastern region, Africa's prin​cipal iron ore production is from the older era-tons or from the portions of the older cratonic sequences which have been involved in the young​er orogenic belts (fig. 5). The main undeveloped reserves, or reserves currently under develop​ment or in the initial stages of production, are also concentrated in those structural terrains.
Excluding north and northeastern Africa (dis​cussed later) the principal producers are South Africa, Sierra Leone, Liberia and Guinea. South Africa  produces  approximately  20-25%   of  Af-

rica's iron ore, mainly from the Pretoria Se​ries of the Transvaal System at Thabazimbi, Si-shen and Postmasburg, and from the magnetite horizon of the later Bushveld Complex (ca. 1950 m.y. old [15]). Of similar significance is the production from: the lateritised itabirites, he​matite schists and magnetite-quartz-hornblende schists of the Lower Birrimian (older than 2000 m.y.), Kambui (older than 2900 m.y. (?)) and Marampa Schist Series of Liberia (Nimba, Bomi Hills) and Sierra Leone (Marampa, Tonkolili); and the ironstones of the Nimba-Simandou Rang​es, and lateritised dunite of the Kaloum Penin​sula in Guinea. Deposits are also worked in An​gola (Mbassa, Cassinga, Nova Lisboa) and in the ancient schist sequences in Rhodesia (Buhwa, Que Que, Mwanesi). In addition, important de​posits occur at Fort Gouraud in Mauritania [17], Mekambo and elsewhere in Gabon [18], Bomvu Ridge in Swaziland, and in the Uele district of the Congo.
The majority of these deposits are concen​trated in the ancient stable regions or in rejuve​nated portions of older sequences in the younger orogens. In addition, however, south of the Atlas Mountains and Egypt, a few primary deposits of iron ore of some significance occur within the latter zones; for example, Katanga (Mutuntu and Musombwishi) and Zambia (Nambala).
2.2.6. Other metals
Although its tectono-metallogenic significance is less certain, the ancient stable regions in​clude the world's largest deposit of platinoid minerals in the Bushveld Complex of South Af​rica. Lesser concentrations of platinum, usually associated with osmiridium, are a by-product from the older gold-bearing Witwatersrand con​glomerates. In view of the different ages and geneses of these two types of deposit, their re​gional association justifies their inclusion in the discussion of the metallogenesis of the older cratons; from these sources, South Africa pro​duces over 95% of Africa's annual platinum out​put, representing some 40% of world production. In addition, Rhodesia has platinum resources in the Great Dyke; other deposits, though of very minor significance, lie in the younger orogens in Katanga, Ethiopia and Sierra Leone [17,18].
3.  METALLOGENIC PROVINCES
Metallogenic provinces are more restricted regions, within the tectono-metallogenic units, characterised by   concentrations of  certain ore
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products. Although they can be identified both in the older cratons and the younger orogens, a comprehensive discussion of metallogenic prov​inces is beyond the scope of this short paper. It is, however, germane to draw attention to some of the features which they exhibit in the younger orogens, as a framework for future considera​tions.
As in the case of the larger units, an impor​tant aspect of the concept of metallogenic prov​inces is the influence of structural environment. This is particularly well illustrated with refer​ence to the late Precambrian-early Paleozoic structural pattern of southern Africa, which con​sisted of: a zone of crustal instability (mobile zone) [5]; and two extensive stable cratons (the Congo and Kalahari Cratons) (see figs. 1 and 6).
Mineralisation related to this period of Af​rican history is concentrated in the mobile zones; in particular, a large percentage of southern Africa's base-metal mineral wealth is associated with the unmetamorphosed (or weakly metamorphosed) and folded late Precambrian rocks along the southern and western margins of the Congo Craton (fig. 6). In contrast, with the exception of copper mineralisation in the Sinoia region of Rhodesia, similar rocks in the orogen-ic zone adjacent to the Kalahari Craton have not, to date, produced any significant deposits of base metals. Equally, major deposits of these metals are poorly represented in the interior higher -grade parts of the orogenic zone; however, the latter are characterised by significant pegmatite and other deposits of lithium, beryllium, tin and wolfram in South-West Africa, central Africa, and parts of the Mozambique belt (fig. 6).
From these data, three metallogenic prov​inces can be recognised associated with the late Precambrian-early Paleozoic orogenic zone of southern Africa: (a) province of base metal con​centration - in the unmetamorphosed (or weakly metamorphosed) folded miogeosynclinal rocks directly adjacent to the Congo Craton; (b) prov​ince of lithium-beryllium-tin~wolfram-(uranium thorium) concentration - in the high grade meta-morphic zones of deformed late Precambrian rocks, and perhaps the Mozambique and Zambesi belts; and (c) province of low concentration of base and other metals - in the unmetamorphosed (or weakly metamorphosed) folded rocks adja​cent to the Kalahari Craton.
That the principles established by this specif​ic example are more widely applicable within the younger orogens is clear from the selection of some other provinces listed in table 1. The Orange River and Kibara belts, for instance, are

Table 1
	Metallogenic Province
	Mineralisation
	Emplace​ment age

	North Africa
	Pb^-Zn-Fe
	Paleozoic-Mesozoic-Tertiary

	Nigeria
	Pb-Zn-Sn-Nb-Ta
	Pbt-Zn
	Younger than middle Cretaceous

	
	
	Nb-(Ta)-Sn
	Jurassic

	
	
	Ta-(Nb)
	Lower Paleozoic

	Orange River Belt
	Sn-W-Be-Ta
	ca. 1100 i 200 m.y.

	Kibara Belt
	Sn-W-Be-Ta-Nb
	ca. 1100 ± 200 m.y.

	Damar a -Katanga Belt (Central and South-West Africa and the Lower Congo)
	Cu-Pb-Zn-Co
	ca. 550 ± 100 m.y.


t Model lead age data indicate a remobilisation of Up​per Precambrian-Lower (and Middle) Paleozoic leads into much younger host rocks [18,25].
comparable to province (b) (above), while the north African region is similar to province (a) (above). In addition to this evidence of other provinces, table 1 illustrates a number of other important features as follows: (i) mineralisation took place at a wide variety of times within the younger orogens tectono-metallogenic unit; (ii) consanguinous mineralisation was repeated at different periods of geological time in Nigeria (Nb-Ta, and Pb) and north Africa (Pb); and (iii) iron is not only a definite metal for the older cratons, tectono-metallogenic unit to the south but also, in the north, is concentrated in the north Africa (Atlas Mountains-Anti Atlas Moun​tains) metallogenic province which is part of the younger orogens unit (see fig. 5) *.
4. CONCLUSIONS
Tectono-metallogenic  units   are   regions   of structural kinship characterised by major con-
* In contrast to the Precambrian iron ores to the south, the north African deposits (iron [2] of fig. 5) are _Phanerozoic in age; they contribute 30-40% of Africa's annual iron ore production, mainly from Al​geria (Ouenza), Morocco and Tunisia (Djebel Djer-issa).
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centrations of specific economic mineral depos​its. In Africa, two such units can be recognised*: (a) younger orogens, including zones affected by orogenesis in Alpine, Hercynian, late Precam-brian-early   Paleozoic,    and    Kibaran    times -
* Certain economic products are not specifically iden​tified with one or other of the major tectono-metal-logenic units, notably: nickel, largely produced from the older craton in South Africa, but for which Af​rican production is only about 1.0% of world output; and vanadium, silver, and lithium which are pro​duced locally from both the younger orogens and the older cratons. The distribution of these concentra​tions is currently being studied.

characterised by Cu, Pb, Zn, Co, Be, Sn,W, and Nb-Ta mineralisation;
(b) older cratons, with a record of older orogen​esis but which have remained stable throughout these younger periods of orogenesis - charac​terised by important deposits of Au, Cr, Fe, Pt, diamond and asbestos.
In this work, serious consideration has been given to the possibility that this structural-metallogenic relationship is fortuitous, particu​larly in view of the large areas of Africa which have not been adequately prospected; that possi​bility must, however, be discarded in the light oi the close correlation between the realistic pat-
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Fig. 5. The distribution of the principal deposits of chromite, asbestos and iron in relation to the principal \m tono-metallogenic units of Africa. The deposits are as follows: 1. Cassinga; 2. Nova Lisboa; 3. Mbassa; 4. Mekai bo; 5. Mitzie; 6. Tchibanga; 7. Kribi; 8. Nimba-Simandou; 9. Bomi Hills; 10. Tonkolili; 11. Marampa; 12. Kalom 13. Fort Gouraud; 14. Uele; 15. Katanga; 16. Nambala; 17. Que Que; 18. Buhwa; 19. W.Transvaal; 20. Thabaziiri 21. Sishen; 22. Postmasburg; 23. Kettara; 24. Ait Amar and Khenifra; 25. Uixan; 26. Beni-Saf; 27. Zaccar; 28. Dm arja; 29. Ouenza-Djerissa; 30. Gebel Ghorabi; 31. Hawan; 32. Wadi Haifa; 33. Andriamena; 34. Great Dyke; 35.Si lukwe; 36. Rustenburg;  37. Lydenburg;  38. Togo; 39. Barberton-Havelock; 40. Shabani; 41. Pietersburg; 42. Griqu
town; 43. Kuruman; 44. Moshaneng.
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tern of African structure given in fig. 1, and the distribution of the major known ore deposits (see figs. 2-5). It should, however, be stressed that the present discussion is directed towards a clearer understanding of the broad pattern of Af​rican mineralisation and, as pointed out earlier, ore products characteristic of one of the tec-tono-metallogenic units (younger orogens or old​er cratons) are also present in subordinate con​centrations in the other.
A study of the genetic causes of this mineral differentiation is now of the highest priority. In the older cratons, the present concentrations of gold, iron and asbestos clearly reflect crustal conditions (orogenic, igneous, sedimentary, etc.), and the relative paucity of major deposits of these ores in the younger orogens (excluding iron in north Africa) may indicate that they were more widely distributed than they are at the present time, but, with the involvement of large segments of the older crustal terrains in the zones of younger orogenesis, the economic con​centrations were modified and/or dissipated ex​cept in more marginal zones of less intense tec-tono-thermal activity. However, it is also pos​sible that the conditions required for the wide​spread concentration of these elements have not been favourable, over much of Africa, since Ki-baran times (ca. 1200 m.y. ago).
A much more fundamental control is, how​ever, indicated for the concentration of diamond source-rocks in the older cratons. That their emplacement took place at a number of periods of geological time is clearly indicated by: the presence of detrital diamonds in the Lower Bir-rimian sediments of the Ivory Coast and the Wit-watersrand System of South Africa [17, 23], both of which are older than ca. 2000 m.y. [7,15] *; the middle Precambrian (ca. 1100-1800 m.y.) age of the diamondiferous Premier kimberlite of South Africa [27]; and the post-Dwyka (mid-Car​boniferous) age of the Kimberley kimberlite pipe of South Africa. However, although these dia​mondiferous source-rocks of various ages all lie within the older cratons which have been stable at least since ca. 1500 m.y. ago, prolonged structural stability does not seem to be a pre​requisite for their crustal emplacement; this is demonstrated by the fact that subsequent to the deposition of the Lower Birrimian sediments of
■ A K-Ar age of 2035 ± 99 m.y. has been yielded by phlogopite from the Mwadui pipe of Tanzania; al​though this clearly indicates Precambrian crystal​lisation, the emplacement age of the kimberlite is thought to be Cretaceous or younger [26].

the Ivory Coast, they were orogenically deformed and granitised during the Eburnian orogeny, ca. 2000 m.y. ago [7,24]. It seems, therefore, that the pattern of diamond concentration was set even before that region became cratonic; this suggests a subcrustal source for diamondiferous kimberlites. A similar source is clearly indi​cated for the chromite bearing basic-ultrabasic igneous suite of the great Bushveld Complex, and ultrabasic rocks of the schist belts of Rhodesia and of West Africa.
A number of crustal and subcrustal factors, thus, have a bearing on the presence of major concentrations of certain characteristic ore-products in the older cratons, and their paucity in the younger orogens. In this regard it is im​portant to recall that lead, zinc, copper, niobi​um-tantalum, tungsten, tin and beryllium show their most important concentrations in the younger orogens. In contrast, structurally simi​lar, but older zones of deformation preserved in the older cratons show no comparable concen​trations of these elements; these zones include the Ubendian belt of East Africa [21], the Lim​popo belt of southern Africa [15] and the Ebur​nian zones of West Africa [24] all of which suf​fered important orogenesis ca. 2000 m.y. ago. On the basis of these data, it is clearly possible that these elements (Pb,Zn,...): either, (i) re​quire repeated superimposed crustal tectono-thermal activity for their concentration in major quantities in the crust; or (ii) reflect a chemical​ly heterogeneous subcrust which is only tapped under certain (more youthful ?) structural con​ditions. That the mineralisation in the younger orogens reflects one or other of these controls is illustrated by the repetition of certain types of mineralisation at different periods of geological time (see table 1). For example: tin mineralisa​tion in Kibaran times in the Kibaran belt, in late Precambrian-early Paleozoic times in South-West Africa, and in Jurassic times in Nigeria; lead mineralisation in late Precambrian-early Paleozoic times in southern Africa, and at vari​ous periods of Phanerozoic time in north and west Africa; copper mineralisation in Kibaran times in the Cape Province and in late Precam-brian-early Paleozoic times elsewhere in south​ern Africa; and niobium-tantalum mineralisation in the Kibaran belt, in Lower Paleozoic and Ju​rassic times in Nigeria, and in more recent al​kaline complexes of east Africa. If a fundamen​tal control has resulted in the pattern of miner​al differentiation in Africa, it might be-expected that, prior to the Kibaran orogenic cycle, con​centrations of these ore-products were also con-
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fined to the same general regions as they are at present; however, there is no evidence of this possibility at the moment.
The differentiation of ore products in Africa

(figs. 2-5) reflects the complex interplay of crustal and subcrustal processes. It should per​haps be noted that Spurr [2] considered that the unequal distribution of rare metals in the world,
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Fig. 6. Late Precambrian-early Paleozoic structural units of southern Africa (see fig. 1), and the principal re​lated mineral occurrences (slightly modified after Clifford [5]). The main mineral deposits are as follows: 1. Niari River region (Congo Rep.); 2. Mavoio (Angola); 3. Caxito (Angola); 4. Tsumeb (South-West Africa); 5. Brandberg-Karibib region (South-West Africa); 6. Copperbelt (Zambia and Katanga Province); 7. Broken Hill (Zambia); 8. Sinoia and Miami districts (Rhodesia); 9. Tete district (Mozambique); 10. Monkey Bay (Malawi); 11. Nampula and Alto Li-gonha region (Mozambique); and 12. Mpwapwa-Bagamoyo-Morogoro region (Tanzania).
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and the selection of certain regions for the con​
centration of significant amounts of economic
elements, "... must mean that there exists in the
portion of the earth which is below the crust.. . a
highly individualised distribution of metals..."
and that this "... suggests a heterogeneous
under-earth which has remained stably hetero​
geneous during the whole of our geologic histori​
cal record...". This hypothesis remains to be
tested, but on the evidence from Africa it is
clear that the upper levels of the continental
crust are not only structurally heterogeneous,
but show distinct differences in the major con​
centrations of economic mineral deposits in
units of differing structural character; this im​
plies that the crust itself may have played a
much more important role than Spurr [2] has
suggested. In this regard, a study of the trace,
minor and major constituents of the exposed
sialic rocks of Africa is currently being under​
taken by Dr.J. M. Rooke [28] in an effort to de​
limit the geochemical units and provinces of the
continent; these results may contribute to the
solution of the problem of whether the tectono-
metallogenic pattern reflects a more compre​
hensive chemical heterogeneity in the crust, or
some deeper influence.
....
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