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Middle Africa's Minerals: 
From Myth to Reality? 

by Craig B. Andrews 

One of the images of Africa that began to evolve soon after the first 
Europeans set foot on its shores is that masses of mineral wealth exist 
under the forbidding tropical terrain of the continent's vast middle belt. 

As the World Bank's Andrew Kamarck observed a decade ago, the 
image has served a useful purpose for many different interest groups: "In 
the late nineteenth and early twentieth century, it was diligently peddled by 
European imperialists and colonial officers to persuade reluctant ministries 
of finance and parliaments to back the grabbing of African territory and to 
pay for the minimum of infrastructure required. At the same time, finan
ciers and stock market speculators, busily floating African concession 
companies at handsome profits for themselves, led the investing public into 
the shearing shed with similar fabrications of easily exploitable African 
riches. After World War II, the myth was picked up by African nationalist 
leaders, who roused the people by placing the blame for their poverty on 
foreign exploitation. " (Andrew M. Kamarck, "The Resources of Tropical 
Africa, " in Daedalus, Spring 1982). 

A range of new technological and attitudinal developments make this 
a timely moment to assess past myths, present realities, and future pros
pects. 

A Quarter Century of Stagnation 
Perhaps the most striking observation to be made about the development 
of African mineral resources is that so little has occurred over the last 
quarter century. With the exception of bauxite and uranium, production of 
minerals from middle African countries was stagnant or actually declined 
between 1960 and 1985 in terms of tonnage, percentage of world produc
tion, or both. Many explanations for this phenomenon have been 
advanced. Some point to factors beyond Africa's control such as global 
commodity prices and dependence on foreign mining corporations. Other 
reasons cited include declining ore grades, inadequate and/ or poorly 
maintained transport and other infrastructure, lack of maintenance and 
modernization of plant and equipment, inept local management, sluggish 
government bureaucracies, and the costs imposed by the fact that over a 
quarter of the countries in middle Africa are landlocked. 

These explanations may be valid up to a point, but they ignore three 
fundamental reasons for stagnation in the minerals sector: (1) The bulk of 
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known African mineral deposits were discovered early in 
the colonial period. There is every reason to believe that 
other deposits could be discovered with the use of 
modern exploration techniques. (2) Most of the mineral 
deposits now being utilized were put into production by 
means of nineteenth-century extraction and processing 
technology, which in many cases remains in use. Anti
quated technology reduces profit margins and renders 
producers less competitive on the world market. 
(3) Postcolonial government policies regarding state 
participation in mining ventures, taxation, and foreign 
exchange transactions have, in most cases, been a disin
centive to the investment of risk capital in exploration , 
development of new mines, or modernization of existing 
ones. 

Although these constraints have by no means disap
peared, there are nonetheless some glimmers on the 
horizon that give rise to cautious optimism. New explo
ration technologies are available that could lead to the 
discovery of deposits hitherto difficult to detect. At the 
same time, extraction and mineral processing technolo
gies have evolved so that lower-grade ores can be mined 
at competitive cost. Finally, a substantial change is under 
way in government attitudes and policies toward private 
investment, both foreign and domestic. 

New Exploration Technologies 
The past 25 years have been a time of revolutionary 
change in the geological sciences . New theories of 
geological interpretation, developments in geochemistry 
and geophysics, the evolution of satellite technology and 
remote sensing, and computer storage and processing of 
geostatistics have given geologists new tools. Used to 
great effect in other areas of the world, these tools are 
now being brought to bear in Africa, where (as in other 
tropical areas) conventional geological prospecting 
techniques are often stymied by the presence of a thick 
cover of laterite soils, in some places up to 150 meters 
thick, that masks the underlying rocks. 

It is by comparing geological environments similar to 
others known to have deposits of the desired mineral that 
geologists may hope to make a discovery. For instance, 
certain rock formations in western Australia and Brazil 
dating from the prehistoric Archean era are known to 
have a high probability of containing gold deposits. 
Rocks of a similar age exist in West Africa, so it is 
thought that new gold finds are possible there . Of 
special significance in this conceptual approach is the 
theory of plate tectonics, which holds that the present
day continents of North America, South America, Africa, 
and Australia were once joined as the supercontinents of 
Laurasia and Gondwanaland. There is evidence to 
suggest that the Appalachian mountain region of the 
eastern United States may once have been part of 
Mauritania-Morocco, Florida part of Senegambia, the 
Guiana region in South America related to the Guinea 
region in Africa, and northern Brazil attached to Ghana. 
Over hundreds of millions of years , the world's land 
masses float on the earth's mantle, continually tearing 

apart , colliding, and deforming the geology on the 
surface. The zones of contact between the different 
"plates" and "subplates" are normally likely to contain 
economically exploitable mineral deposits. Armed with 
these interpretative models, the geologist ventures forth 
to find viable deposits . In his task he is aided by new 
exploration technologies. 

Perhaps the most important evolving tool that the 
geologist in Africa has at his disposal is geochemistry. 
Tremendous advances have been made in the past five 
years with the use of inductively coupled plasma (ICP) 
analysis. In a regional geochemical sutvey, soil samples 
are taken by semiskilled laborers on a predetermined grid 
and sent to a laboratory, where each sample is inserted 
into a high-temperature plasma arc. Elements in the 
sample emit light signatures that are analyzed by 
spectrometer for as many as 40 selected elements 
simultaneously. The geologist can compare these 
samples to find any "anomalous" results. These may 
indicate that a zone requires further exploration testing. 
ICP analysis, which has been used relatively little to date 
in Africa, greatly reduces the time and cost of regional 
geochemical surveys. 

Another useful tool is geophysics, which enables the 
geologist to assess the regional geological framework 
(including rock types and structure) of an area whose 
surface may be obscured by vegetation or laterite. 
Multiparameter aerial reconnaissance programs financed 
by the Canadian International Development Agency 
(CIDA) and the United Nations Development Program 
(UNDP) have made considerable progress in constructing 
regional geophysical data oases in Africa. Indeed, some 
parts of Africa are now better mapped geophysically than 
portions of North America. 
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Satellite technology and remote sensing also can be 
brought to bear with good results. Recent techniques 
record data in digital form; the data can then be manipu
lated by computer to enhance the visibility of such 
features as fault lines in the earth's surface. French 
"Spot" satellites have the ability to obtain high-resolution 
photographs of an area in "stereo pairs," thus making 
possible the preparation of topographic base maps. 
Radar imaging systems can actually "see" through 
vegetation and some sand, easing the difficulty of finding 
deposits in jungle or desert areas. These technologies 
are particularly relevant to middle Africa, for which 
accurate topographic maps are lacking and where vast 
stretches of land are jungle or desert. 

Other important contributions of satellite technology 
are global positioning and telecommunications. By using 
portable satellite dishes, it is now possible for the geolo
gist or the engineer in the field to determine the exact 
longitude, latitude, and elevation of a deposit (or a mining 
claim) in the heart of the jungle. It will be possible in a 
few years to transmit data by voice, telex, or telecopy 
from inaccessible areas without tying into the (often 
unreliable) local telecommunications systems. 

The volume of data gathered by these sophisticated 
techniques would simply overwhelm the geologist were it 
not for advances in data processing. Computers have 
been used to process geostatistical data into usable maps 
or to "model" a deposit for years, but the increase in 
memory capacity of today's microcomputers and the 
proliferation of affordable software put this technology 
well within reach of African governments, international 
agencies, and private companies. The use of computer 
technology for geology (as well as other applications) is 
still embryonic in developing Africa, but the availability of 
low-cost, easy-to-use software and hardware means that 
the computer will be making headway as it has else
where. 

Extraction and Processing Technologies 
Once a geologist finds a deposit, it falls to the mining 
engineers to determine the most economical and 
efficient way to extract and process the ores. 
Generalizations are difficult because extraction and proc
essing technologies tend to be mineral- and procluct
specific, but four new or improved technologies may be 
cited as relevant to Africa: 

(1) Carbon leach technology for gold processing has 
become quite common since the 1970s in the United 
States and elsewhere, and this approach holds great 
promise for Africa. Ore containing invisible gold grading 
as low as 1 to 2 grams per ton is pulverized and put into 
a vat with a cyanide solution and coarse granules of 
charcoal. The cyanide dissolves the gold, which is 
collected onto the surface of the charcoal granules. Gold 
is then stripped from the charcoal with a concentrated 
alkaline solution containing cyanide, which is in turn 
electrolyzed to produce roughly 95 percent pure gold. 

A variation of cyanide vat leach is cyanide heap leach. 
In this process, ore is piled in heaps and then "sprinkled" 
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with a cyanide solution much as one sprinkles a lawn. 
The solution is recovered and processed with charcoal. 
Heap leach is particularly suitable for very low-grade ores 
in areas of low rainfall. 

The great advantage of cyanide leaching, whether in 
vat or heap, is that it permits the economic extraction of 
invisible gold that is not otherwise recoverable by physical 
or gravity means. It is possible, for instance, to make a 
profit by exploiting tailings from old workings and 
recovering the invisible gold that escaped the gravity 
methods of earlier miners. Because the technology is 
also relatively simple, local workers can easily be trained 
to run the processing plants. 

A related technology, still in the early testing stages, is 
bio-leach. In most metal-bearing ores the desired metal 
is bound up with material high in sulfur content (sulfides 
and pyrites). These ores normally need to be "roasted" or 
"pressure leached" to separate the metal elements from 
the sulfide material. This is not only expensive in terms 
of capital and operating cost (especially with regard to 
fuel) but also has undesirable environmental side effects 
such as the emission of gases high in sulfur dioxide. Bio
leach is basically an adaptation of sewage treatment 
technology whereby special bacteria are put into the 
solution in the leach tank with the ore concentrates . 
They proceed to attack the sulfides, liberate the metal, 
and thus eliminate the expense of roasting. The eco
nomic and environmental gains possible with bio-leaching 
could have substantial impact on African metals mining. 
This technology is still in its infancy, however, and will 
have to prove itself before it can be employed exten
sively. 

(2) Floatation has been used for years to separate 
desirable minerals from ore material. As the name 
implies, the ore in solution is agitated in the floatation 
process so that the desired minerals attach themselves to 
bubbles which then float to the surface. This concen
trate is skimmed off the surface and either smelted or 
electrolyzed to produce metal. Two important improve
ments have been made in recent years: floatation cells 
have become much larger and column floatation has 
come into use . Both innovations (especially column 
floatation , in industrial use only since 1983) promise 
better separation, higher efficiencies, greater throughput, 
and lower capital and operating costs. Floatation is 
already used extensively in copper mining in Zambia and 
Zaire, but column floatation units have not been installed 
as yet. 

(3) Bulk mining methods offer an alternative to 
extracting a thin seam of ore with large numbers of 
laborers. Instead, explosives are used to loosen large 
chunks of ore-bearing material from the area being 
mined. This material is then loaded onto conveyors 
which take it to the surface for processing. The higher 
throughput capacities of the new processing technologies 
make bulk mining methods a viable alternative at some 
sites. These methods are a mixed blessing from a social 
standpoint. Capital- rather than labor-intensive, they 
reduce employment in most mines where they are used. 
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On the other hand, they are much safer and expose 
fewer employees to the hazards of underground 
mining. 

(4) A fourth advance in extraction and processing 
technology is the use of large tonnage oxygen in smelting 
furnaces . The reverberatory furnace , a product of 
nineteenth-century technology still found in most African 
mines, uses plain air in the combustion process. This is 
inherently inefficient because only 20 percent of air 
consists of the element oxygen; the rest does not contrib
ute to the combustion process. These old furnaces can 
be retrofitted with oxygen fuel burners that use a combi
nation of pure oxygen and bunker C fuel oil. Furnaces 
using high tonnage oxygen have many advantages. 
Operational costs are substantially lower because less fuel 
is used. These furnaces also tend to be smaller than the 
older units because vessels do not have to be as large to 
process the same tonnage product. Finally, their impact 
on the environment is more modest because less gas is 
emitted. New metal mines to be developed in Africa as 
well as some older mines where smelting is justified for 
transport or other reasons will use newer furnaces to 
smelt the concentrates into final product. 

Investment Climate Innovations 
In earlier times, a mining company customarily entered 
into an agreement (sometimes of dubious legitimacy) 
with the local strongman or colonial government. The 
company would then operate its concession as an 
enclave, abiding by its own rules, with very little govern
ment supervision or participation. This changed during 
the 1960s and 1970s as some newly independent 
countries set out to exert sovereignty over their natural 
resources by nationalizing or even expropriating many 
large mines. The cost to both governments and compa
nies of this reaction to previous excesses has been 
substantial. African governments and those of other 
developing countries choosing this course of action found 
that potential investors in the expensive and risky mining 
business were turning away toward more stable industrial 
nations (Australia, Canada, the United States) and other 
countries that tempered nationalist fervor with pragmatic 
investment policies (Indonesia, Papua New Guinea, 
Chile). 

The adoption by most African governments of policies 
unattractive to risk capital, coupled with investors' 
perceptions of chronic political and social instability, has 
sharply limited new investment in mining. Recently, 
however, African governments as well as potential 
investors have begun to devise methods to increase the 
attractiveness of mining investment. These methods can 
be grouped under three broad rubrics: project alliances, 
financial arrangements, and legal guarantees. 

• Project Alliances. Given the high risk and high 
cost of mine development, it is now unusual for a single 
company to shoulder the burden alone . An estimated 1 
in 80 mineral prospects actually becomes a mine, and 
even a producing mine may encounter technical and 
marketing problems that could cause the enterprise to 

operate on a marginal basis or lose money. Most sizable 
mineral exploration and development projects are funded 
by consortia or joint ventures that group together as 
equity partners private companies, governments, and, in 
some cases, international agencies such as the World 
Bank-affiliated International Finance Corporation. 
During the development phase , financial institutions 
become part of the alliance when they finance projects 
without parent company or government guarantees. 
Export-import agencies of developed countries grant 
supplier credits for the purchase of equipment and 
material for mine construction and operation. Custom
ers sign long-term contracts for the minerals the mine 
will produce. Political risk insurance is available through 
governments, the World Bank, and private insurers. 

These alliances decrease the financial risk to any 
single party and serve to link the project to a wide range 
of stakeholders, each of which has an interest in seeing 
the enterprise succeed. From the viewpoint of the 
investor, these linkages, in theory, reduce political risk 
because it is unlikely that a government would deliber
ately antagonize a diversity of stakeholders. And such 
alliances provide the African country involved with a 
broader window on the international economy than 
would be available if the government dealt with only one 
investor. 

• Financial Arrangements. Governments and 
investors naturally emphasize different elements in 
negotiating the financial structure of mine development 
projects. 

Benefits to the government include the fact that the 
investor typically shoulders the financial burden and risk 
of the exploration program and feasibility study, which, 
in the case of minerals, may involve millions of dollars 
and last many years. If a mine is subsequently developed, 
the government will receive a "take" from several 
different sources. A royalty on production (usually a 
percentage of the out-of-mine value of minerals pro
duced) , income taxes, land rental fees, withholding taxes 
on dividends, super profits taxes (sometimes), customs 
duties, and other levies typically apply. Where the 
government is an equity participant, dividends and profits 
flow to it as they would to other equity partners. There 
are many variations in these arrangements, but in general 
an estimated 50 to 70 percent of the value added by the 
mining project over its lifetime will flow to the govern
ment, with the remainder going to the private investors. 
This division of the value added is not markedly different 
from that pertaining in industrialized countries such as 
Australia and the United States. 

The investor, on the other hand, will typically focus 
on such financial criteria as return on investment (ROI) 
and length of pay-back. Several innovations in recent 
years serve to meet investor concerns regarding these 
criteria while maintaining the government's take. 
Exemptions from customs duties (usually very high in 
African countries) as well as value-added taxes on goods 
and services acquired for the mine are generally granted . 
This protects the project from being penalized, because 
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Mali: A Case Study 
The landlocked West African nation of Mali is classified 

as one of the world's poorest countries, with a 1986 per 
capita GNP of about $180 per year. But Mali was not 
always so poor. According to some accounts, enough 
gold from the West African empires crossed the Sahara 
desert from the tenth through the sixteenth centuries to 
influence the price of gold in Cairo and to finance the 
Italian Renaissance. The location of the ancient mines of 
"Wangara" is not known precisely, but they are generally 
believed to be in the lower Niger River watershed, roughly 
eastern Guinea and Senegal through southern Mali. This 
trans-Saharan gold trade died out as richer deposits were 
discovered and developed in the New World. 

From 1983 through 1985, the UNDP financed a 
regional geochemical reconnaissance of an area in 
southern Mali adjacent to Cote d'lvoire. Teams of 
surveyors consisting of Malians from the national geologi
cal survey (Direction Nationale de Ia Geologie et des 
Mines [DNGM]) assisted by UN technical experts took soil 
samples every 200 meters along lines spaced 1,000 
meters apart over the entire area. The samples were sent 
to a laboratory installed by the UNDP in the capital, 
Bamako, where they were analyzed for gold and other 
elements. 

The geochemical reconnaissance detected numerous 
anomalous zones in the region, some of which were 
subsequently tested using hand-dug pits and trenches. 
Old diggings were found at a particularly interesting 
anomaly near the hamlet of Syama. It was subsequently 
learned through carbon dating of pottery fragments that 
the old site dated from the fourteenth or fifteenth century. 
The DNGM program had made a discovery, but funds 
were lacking to explore the prospect fully or to make the 
investment necessary to bring it into production. 

In 1985, a geologist employed by BHP-Utah Minerals 
International learned of the prospect at Syama while on a 
routine fact-finding mission to West Africa. An evaluation 
of the prospect was made and a decision taken at man
agement level in San Francisco to enter into negotiations 
with the Malian government. From late 1985 until early 
1987, a series of meetings was held with a view to 
concluding an investment agreement and exploration 
license for the Syama anomaly as well as other possible 
prospects in the region. 

few African countries produce the specialized plant 
and equipment necessary for mine development. In 
addition, many African governments offer private inves
tors income tax holidays, whereby the investor pays no 
tax on profits for a predetermined period. Whether or 
not this is a strong incentive depends on the nationality 
of the private investor and internal company policies. 

A newer approach is accelerated depreciation, 
wherein the value of plant and equipment is depreciated 
for tax purposes over a shorter period than would 

The investment .agreement signed in April1987 
contains many of the financial and legal innovations 
outlined in this issue of CSIS Africa Notes. BHP-Utah 
undertook to shoulder the entire financial burden and 
risk for the exploration program and feasibility study. 
It was agreed that , if and when the decision to develop 
a mine was made, the government would have the 
option of acquiring a participating minority interest in 
the project, and that both parties would fund develop
ment costs of the mine in proportion to their partici
pating interests. The agreement further stipulated that 
the government of Mali would receive production 
royalties, income taxes, and an equity interest gratis in 
consideration of public monies previously spent on ex
ploring the area. 

Exploration teams went to work immediately upon 
signature of the agreement to define the reserves at 
Syama and other anomalies. As of December 1988, a 
total of 12,500 meters of auger and diamond drilling 
had been done on the deposit. Ore reserves were 
proven or indicated. Based on these results a feasibility 
study was prepared and submitted to the government 
in late December 1988. 

Gold ore is to be extracted by open-pit methods 
during the initial years of the project. The ore will be 
treated by means of a cyanide carbon vat leach proc
ess. The gold produced will then be exported and sold 
on the world markets. 

Initial production is projected to be 2,000 kgs. of 
fine gold per year. While production will not be as 
large as that of some mines in Australia, Canada, 
South Africa, and the United States, the output will be 
high enough to be of significant benefit to the Malian 
economy. It is anticipated that revenues from exports 
of gold will increase Mali's export earnings by 10 to 15 
percent. Revenues accruing to the government from 
income taxes, equity participation, and royalties should 
contribute substantially to government coffers. 

Construction will commence as soon as final for
malities with the Malian government pertaining to the 
issuance of the mining license are completed. The 
mine should enter production in mid-1990. 

normally be the case. The tax burden is lower in the 
stressful early years of the project and the cash flow back 
to the equity investors is increased. The rate of return 
goes up and the length of time to pay-back is decreased. 
The taxes are not permanently lost to the government, as 
would be the case if a tax holiday were declared, because 
they are recovered as income rises after the period of 
accelerated depreciation expires. 

Some innovative techniques to manage cash flows and 
foreign currency in African mining projects also have 
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been developed in recent years. No investor or financial 
institution would be at ease with a project whose sales 
proceeds are converted into local currency without 
ironclad guarantees about eventual convertibility into and 
repatriation of hard currency. While the investment 
agreement usually provides standard clauses about 
guaranteed convertibility and remittability, these guaran
tees are of little practical value if the country's central 
bank lacks foreign exchange. Thus, an essential tech
nique for new projects is the use of an offshore escrow 
account. Sales proceeds are deposited in convertible 
currency to a trust account outside of the country. Funds 
in the account are used to pay foreign lenders, vendors, 
and equity participants without being converted into local 
currency. The remainder is repatriated to the host 
country to satisfy operational costs, taxes, and other local 
obligations. Given the high debt exposure of many 
African countries and past restrictions on foreign ex
change dealings, it is absolutely essential that the security 
of financial flows be maintained and guaranteed. 

Government expectations with regard to participation 
in mining projects as a shareholder or an equity partici
pant are also changing. Formerly, the government, 
oftentimes mainly for political prestige purposes, would 
seek a majority ownership position in any mine project. 
This approach normally entailed an unsupportable 
financial burden on the project and denied the private 
investor and/ or financial institutions adequate manage
ment control of the project. 

A more mutually acceptable approach that has 
emerged in recent years is for the government to have a 
small percentage in consideration of public monies (if 
any) previously spent in exploring the deposit , as well as 
the option to acquire an additional perc_entage by sup
porting a proportionate additional share of the develop
ment costs of the mine. This framework allows govern
ment participation in the management of the project 
while maintaining operational control by the investors. 

In fact , governments are increasingly questioning the 
wisdom of any participation at all as shareholders in 
costly and uncertain mining projects. Rather than risk 
public funds directly, some governments may find it pref
erable to restrict their role to such functions as exercising 
indirect administrative control and collecting tax reve
nues. 

• Legal Guarantees. Mining investment agree
ments are increasingly being negotiated before heavy ex-

ploration expenditures begin so that both governments 
and investors know in detail the rules of the game. The 
government obviously seeks to avoid committing itself in 
terms of tax and financial structure until it has an indica
tion of the economics of the deposit. The investor, on 
the other hand, is unlikely to invest in exploration to find 
a deposit without reasonable certainty about what will 
happen when it is found. Thus, it is to the advantage of 
both parties to get these issues resolved early. Standard 
clauses that offer protection to the investor include inter
national arbitration of disputes , guarantees of nondis
criminatory treatment, free choice of raw materials and 
suppliers, and rights to market the product. Investment 
agreements can go a long way to reassure the potential 
investor, but they are no substitute for maintaining close, 
equitable, and ongoing relations with the government. 

In Sum 
It would be overstating the case to say that the three 
developments discussed above - in exploration tech
niques, extraction and processing technologies, and 
changing investment climates - will soon result in a 
boom in the lagging African mining sector. Yet they 
are at least hopeful signs. If the new relationships and 
tools are properly nurtured and applied, they could help 
find and develop new mineral deposits as well as rehabili
tate old ones. The benefits to national economies from a 
vibrant mining industry can be substantial, but money, 
perseverance, and quite a bit of good luck will be 
required. 
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