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ANNIVERSARY ADDRESS BY THE PRESIDENT
(R. A. Pelletier, M.Sc., Ph.D.)

MINERAL RESOURCES OF SOUTH AFRICA AND

THE RHODESIAS AND THEIR IMPORTANCE IN

RELATION TO THE MINERAL WEALTH OF THE
BRITISH EMPIRE.

In this address I shall endeavour to give an outline of the principal
mineral resources of South Africa, including South-West Africa,
and Northern and Southern Rhodesia, their present and future impor-
tance, particularly in regard to the mineral economy of the British
Empire as a whole.

It will be useful to obtain, at the outset, a broad conception of
the importance of the mineral resources of these territories and I
propose to introduce my subject by statistics of Empire mineral
production. For purposes of comparison I shall use production
figures for the year 1935, which was a year of relative prosperity—
the first since 1929—and for which Empire and World statistics have
been compiled by the Imperial Institute as set out in the tabulation
overleaf :(—

In 1935 the value of the mineral production of South Africa
amounted to about 21 per cent. and that of the Rhodesias to about
3 per cent. of that of the Empire ; outside the United Kingdom itself
South Africa leads, Canada coming next with 16 per cent.

It may come as a surprise to some of you that the United King-
dom, which relies on imports for most of her mineral requirements,
should produce minerals equal in value to those of South Africa,
Canada and Australia combined. This is, of course, on account of
the immense importance of the English coal industry, which, in 1935,
produced coal to the value of £144,542,000 out of the total of
£165,807,000, or about twice the value of the gold produced on the
Witwatersrand in the same year.

Apart from coal, the United Kingdom is not a major producer of
mineral wealth. To better illustrate the importance to the Mother
Country of South Africa and other Empire countries as a source
of minerals other than coal, I have subtracted the value of the coal



VALUES OF THE BRITISH EMPIRE MINERAL OUTPUTS, 1935.
Value of Percent-
output, age of Chief minerals produced.
1935 total Figures show percentage value of the country’s
£ sterling. value. output.
United Kingdom .. 165,807,000 41-84 Coal, 87 ; building and roadmaking materials, 8 ; iron ore, 1
Union of South Africa 84,074,000 21-21 Gold, 91 ; coal, 4; diamonds, 3
Canada . 63,446,000 16-01 Gold, 37; coal, 13; nickel ore, 11; copper ore, 10; lead
ore, 3 ; silver, 3; zinc ore, 3 ; asbestos, 2
Australia 21,014,000 5-30 Gold, 30; coal, 24; silver-lead and zinc ores, 17; iron ores, 8
India 19,520,000 4-92 Coal, 25; petroleum, 24 ; gold, 12; silver-lead and zinc
ores, 11 ; manganese ore, 5 ; tin ore, 4
Federated Malay States 9,400,000 2-37 Tin ore, 95; gold, 2; coal, 1
Southern Rhodesia 6,256,000 1-58 Gold, 81 ; asbestos, 10 ; coal, 5
Northern Rhodesm 5,300,000 1-34 Copper ore, 87 ; zinc ore, 5; cobalt ore, 4
Gold Coast 3,758,000 0-95 Gold, 68 ; manganese ore, 18 ; diamonds, 14
New Zealand 3,057,000 0-77 Coal, 55 ; gold, 34
Trinidad 2,033,000 0-51 Petroleum, 94
New Guinea 2,000,000 0-50 Gold, 100
Nigeria .. 1,830,000 0-46 Tin ore, 77 ; gold, 15; coal, 5
Unfederated Malay Sta,tes .. 1,135,000 0-29 Iron ore, 60 ; tin ore, 30
Newfoundland .. .. 1,095,000 0-28 Lead-zinc ores, 58 ; iron ore, 37
Sierra Leone 900,000 0-23 Diamonds, 55 ; gold, 24 ; iron ore, 20
North Borneo, Brunel and
Sarawak 730,000 0-18 Petroleum, 70 ; gold, 28
Naru and Ocean Islands 700,000 0-18 Phosphate rock, 100
South-West Africa 683,000 0-17 Diamonds, 80 ; vanadium ore, 9 ; manganese ore, 3
Other Empire countries 3,600,000 0-91 Gold, 31 ; petroleum, 7
ToTAL 396,000,000 100-00
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production for the various countries in the foregoing tabulation, and
recalculated the proportionate value of their mineral production.
The results are as follows :—

VALUES OF BRITISH EMPIRE MINERAL OUTPUTS, 1935.
EXCLUSIVE OF COAL.

Value of Per cent.

output of total

(£) value.

United Kingdom . .. .. .. 21,265,000 9-34
Union of South Afrlca .. .. .. 80,534,000 35-39
Canada .. .. .. .. .. 54,922,000 24-13
Australia .. .. .. .. .. 15,971,000 7-02
India . .. .. .. 14,616,000 6-42
Federated Malay Sbates .. .. .. 9,300,000 4-09
Southern Rhodesia .. .. .. .. 5,916,000 2:60
Northern Rhodesia .. .. .. .. 5,300,000 2-33
Gold Coast .. .. .. .. .. 3,758,000 1-65
New Zealand .. .. .. .. .. 1,376,000 61
Trinidad .. .. .. .. .. 2,033,000 -89
New Gumea .. .. .. .. .. 2,000,000 -88
Nigeria .. .. .. .. 1,740,000 <76
Unfederated Malay States .. .. .. 1,185,000 -50
Newfoundland .. .. .. .. 1,095,000 48
Sierra Leone .. .. .. 900,000 40
North Borneo, Brunei, Sarawak .. . 730,000 -32
Naru and Ocean Islands .. .. . 700,000 31
South-West Africa .. .. .. .. 683,000 30
Other Empire countries .. .. .. 3,600,000 1-58

£227,574,000

In this tabulation South Africa produces about 35 per cent. of
the Fmpire’s mineral wealth as against 21 per cent. in the previous
case, and the United Kingdom only about 9 per cent. as against almost
42 per cent. This figure of 9 per cent. is made up, for the most part,
by building materials and other non-metallic minerals, and the
United Kingdom is largely dependent on imports for her requirements
of metals.

The principal mineral resources of South Africa and the Rhodesias
are gold, copper, diamonds, asbestos, cobalt, chrome ore, manganese
ore, platinum group metals and vanadium. Coal and iron must be
viewed in a different light from that in which other minerals are
considered in this address and they are dealt with separately. Short
notes are also included on other mineral deposits.

In dealing with the various minerals, I have included statistical

tables giving World and Empire production, for the last few years,
as well ag local production and value. World and Empire figures
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have been taken from the statistical summaries of the Imperial
Institute, whereas South African and Rhodesian figures are from the
local government returns. In the latter case sales production has
been taken as produetion, and while this may not be exactly equivalent
to the actual output in any one year, the general average would be
about the same over a period of years.!

To attempt to give more than the briefest description of the
principal deposits would be beyond the scope of this address and such
descriptions as I shall give are merely intended to afford an insight
into their nature and geological background. Detailed descriptions
of most of the deposits are available in numerous publications, a list.
of which is included.

GOLD.

1936 1937 1938 1939

ProDUCTION—
(Troy Owunces)

World .. . 35,000,000 35,500,000 36,750,000 —
Empire .. e 18,600,000 19,720,000 21,200,000 —
Unionof S.A. .. 11,336,215 11,734,575 12,161,392 12,821,507
S. Rhodesia .. 797,061 804,219 814,078 795,613
VALUE— £ £ £ £
Unionof S.A. .. 79,494,202 82,556,604 86,669,623 98,942,800
S. Rhodesia .. 5,682,444 5,656,693 5,820,531 6,227,282

Union of South Africa :

It is unnecessary to elaborate on the recognised importance of
the gold deposits of the Union, but it is interesting to note that the
total gold produced in South Africa to date, approximately 366
million ounces, is estimated to be more than a quarter of all the
gold produced in the world during the last 450 years.

Less than 2 per cent. of the Union’s annual gold production is
derived from sources other than the Witwatersrand gold fields, and
the ¢ Rand,” as it is popularly called, only need be considered in this
outline.

In 1939 the gold production of the Rand was derived from 43
larger mines ; over 58 million tons of ore was milled and the average
recovery grade was 4:23 dwt. per ton. The Crown Mines, the Rand’s
largest mine, and the largest gold mine in the world produced nearly

1This accounts for certain differences in production figures given in the
Imperial Institute publications and those of the Union of South Africa. It
should also be noted that the former are in long tons and have been converted
to short tons to conform with local records.
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one million ounces of gold from about 4 million tons of ore milled. An
¢ average mine,” in a Witwatersrand sense, is one in which milling
would be at the rate of about 100,000 tons of ore per month.

The producing mines are grouped in what is called the Central
Rand, the West Rand and the East Rand Basin.2 The gold deposits
oceur as auriferous interbedded conglomerates in a succession of
sedimentary rocks known as the Witwatersrand system. The Wit-
watersrand sediments, in the typical section of the Central Rand,
attain a thickness of about 25,000 feet and are divided into the Lower
Witwatersrand Beds, with a thickness of about 15,000 feet com-
prising a succession of quartzites, shales, and argillaceous quartzites,
and the Upper Witwatersrand Beds with a thickness of about 10,000
feet, consisting of quartzites with a single important shale member
known as the Kimberley Shales. A typical Central Rand section is
given in Plate T showing in graphic form, the character of the sedi-
mentary succession and the lesser sub-divisions of the System.

The gold-bearing interbedded conglomerates, locally known as
“reefs,” are wonderfully regular and persistent ; they occur for the
most part in the Upper Witwatersrand Beds, and consist of highly
indurated conglomerates with 2 or 3 per cent. of sulphides mostly
pyrite. Of these, the conglomerates of the Main Reef Group and of
the Kimberley Reef Group are the most important. The Main Reef
Group, or Main Reef Series, as it is popularly though less correctly
called, is the source of by far the major portion of the Rand’s gold.

On the Central Rand this Group consists of three separate con-
glomerates which are, in ascending order, the Main Reef, the Main
Reef Leader and the South Reef. The Main Reef is usually 4 or 5
feet thick and occurs a few hundred feet above the upper contact of
the Jeppestown Shales, which is the line of demarcation between the
Upper and Lower divisions of the Witwatersrand System. The Main
Reef Leader is usually less than three feet above the Main Reef but
frequently in contact with it though invariably separated from it by
a well defined parting plane. It is on the whole narrower than the
Main Reef but more compact and better defined. The South Reef
occurs from less than 60 feet to more than 120 feet above the Main
Reef and is usually from 2 to 5 feet wide. All three reefs have
yielded large amounts of gold on the Central Rand, but the Main
Reef Leader has been the most productive.

On the East Rand, the Main Reef Group is represented by a single
conglomerate bed and it rests directly on the Jeppestown Shales
and consequently at the contact between the Upper and Lower
divisions of the Witwatersrand System.

2 Venterspost is the only large producing mine outside these limits.
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The Kimberley Reef Group is much less important than the Main
Reef Group as a gold producer but is mined on the West Rand and to
a small extent on the East Rand. Itisalsoless well defined, consisting
of one or two economic horizons, associated with numerous other
conglomerate bands of low gold content, spread over 500 feet or more
of the sedimentary sequence. The lower members of the Group
usually occur a few hundred feet above the Kimberley Shales.

Outerop areas of Witwatersrand rocks are relatively few and mark
the peripheral portions of a major synclinal basin nearly all of which is
buried beneath younger formations. From Johannesburg the rim
of the syncline extends eastwards to Benoni, then around the East
Rand Basin to the outerop areas of the Heidelberg district, where it
becomes greatly fragmented by faulting, but extends southwards
and eastwards to beyond Greylingstad, where its further course is
uncertain. Westwards from Johannesburg the base of the syncline
trends to Krugersdorp, and southwards and westwards to the Vaal
River near Klerksdorp. Beyond Klerksdorp in the west and Grey-
lingstad in the east, the extent and southern limits of the synclinal
bagin are unknown. The Vredefort-Parys area is an clevated dome
within the major synclinal basin in which overturned Witwatersrand
sediments encircle an upthrust plug-like mass of granite (Fig. 1).

The Witwatersrand, as a mining field, came into being on the
Central Rand, where the system, and particularly the productive reef
horizons, are well exposed at the surface. Within a few years of the
original discovery in 1886 mining operations spread over the Central
and West Rand. Mining activity also took place near Nigel at an
early date, and outcrop areas of Witwatersrand rocks in the Heidel-
berg, Vredefort and Klerksdorp areas were actively prospected.
Towards the end of the century mining operations began to extend
from the Central Rand to the northern portions of the East Rand,
and the presence of a basin-like area, in which Witwatersrand sedi-
ments were covered by a relatively small thickness of younger rocks,
was soon suspected. The major structural features of the Tast
Rand Basin were established as early as 1910, but it was not until
about 1920 that this portion of the Rand came into its own.

At the close of 1930 the mines were still confined to the Central
Rand, the East Rand Basin and the West Rand, but beyond these
boundaries, where exploration had been dormant for many years,
investigations were being initiated to the west in what subsequently
was to become known as West Witwatersrand Areas.

The abandonment of the Gold Standard by the Union in Decem-
ber, 1932, gave rise on the Rand to a period of activity and expansion,
second only to that which followed the original discoveries. The most
important results which have taken place have been the increased
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scale of operations on most of the existing mines, the establishment of
new mines particularly in the East Rand, and, most important of all,
exploration on a vast scale for extensions of the productive horizons
of the Witwatersrand System, under cover of more recent formations,
far beyond the traditional boundaries of the Central, West and East
Rand.

In the existing mines, the increased scale of operations has been
primarily directed to mining a larger proportion of lower grade ore,
and between 1932 and 1939 the tonnage milled increased by nearly
70 per cent., whereas the amount of gold produced increased by only
10 per cent., and the average grade of ore mined decreased from 6-37
dwt. to 423 dwt. The higher gold price has enabled existing mines to
exploit large quantities of hitherto unpayable ore and will greatly
add to their life.

On the Central Rand one large mine, Rand Leases, and a smaller
mine, Rietfontein Consolidated, were reopened and brought into
production, and on the West Rand the East Champ d’Or mine was
revived. On the Central Rand, and on the West Rand, future expan-
sion is largely a question of mining down the dip to progressively
greater depth. The increased price of gold has been of particular
benefit to these mines, which have the advantage of being able to
exploit at least two, and sometimes three or more reef horizons.

Within the East Rand Basin, development was carried out on
no less than sixteen properties, most of them virgin ground (Fig. 2).
Of these, eight were brought into production during this period,
namely, Nigel, Vogelstruisbult, Van Dyk, S.A. Lands, Grootvlei,
East Daggafontein, Marievale, and Wit. Nigel. Of the remainder,
Vlakfontein will be brought to production in the near future ; develop-
ment has been suspended on the others in some cases owing to war
conditions, and before sufficient reef development could be carried
out to adequately define their possibilities.

The limits of the East Rand Basin will ultimately be determined
by the reef becoming too deep to mine, on acecount of the westerly
dip resulting in the progressive increasing thickness of the cover in
this direction. While this still holds, the work of the last few years
has shown that these factors operate more slowly than was previously
supposed, and the depth of reef in the most westerly of the East
Rand properties has proved to be less than was expected. This is
owing to the fact that the westerly dip of the Witwatersrand sediments
in this area is not uniform, and recurring local anticlines, interrupting
the continuity of the basin, bring the reef to shallower levels so that
the westerly limit of the basin, from a mining point of view, has been
appreciably extended.



ANNIVERSARY ADDRESS BY THE PRESIDENT

xXxXiii

EAST RAND BASIN

SHOWING

EXTENSION OF MINING ACTIVITIES BETWEEN

1932 AND 1940

07123456789

MILES

1
’
’
’l
IL_\
w
Qi A A1
% = T+
ol - A
y
{ i
YN
b i
A imanE
'] 4
A \ A
: Jeie
mn | 1Y =
S ~ R
N
yd / A
< 7 BB
1 A i -
1 / AN L T ~
s \ vi \
N —ore—
\ \
\X 1 5 4 canos:
( ) i » \ \
. \ ~ErFoNTEIN [\
?’/ 1 I T \
1 £AST \
[ DAcea \ h
~4 A\ H
~ i
4
VOGELS \ ll
VLAKFONTEIN \ ]
< \ ’
/ J
/ >3 RIARIEVALE \\ ’
\'/
I " . N7 2
i Ilﬁf\‘\ z
/ P —
WEST VLAKFONTEIN A\
)
1
I AN
sAd 1
IGEL
2
wEw!
wEST MmeEL,
SPIARWATER
TIN. ! LEGEND
i
!
{ PRODUCING MINES AS§ AT
\ DEC. 31. 1932
‘\
\
\
\
H
H MINES DEVELOPED AND
WHEIDELBERS ] BROUGHT TO PRODUCTION
’ WITHIN PERIOD 1932~ 1940
’
/
aN 7
N\ /
J"P;‘ / MINING AREAS UNDER
W N / DEVELOPMENT DURING
2\ PERIOD 1932 - 1940
o N

Fic. 2.



xXXiv PROCEEDINGS OF THE GEOLOGICAL SOCIETY OF SOUTH AFRICA

Notwithstanding the expansion within the known portions of the
Rand, the most notable achievement of the last ten years has been,
in my opinion, the results of the extensive exploration for the pro-
ductive horizons of the system in virgin areas, under cover of more
recent formations, and in some cases far remote from the producing
Witwatersrand. The Main Reef Group having proved by far the most
consistently profitable economic horizon was naturally the prime
objective. It will be recalled that this horizon occurs at or just above
the dividing line between the Lower and Upper divisions of the sys-
tem. The Main Reef Group was not exposed in the majority of areas
under investigation, and the problem was to locate it beneath the cover
of younger rocks, guided in some cases by exposures of Lower Wit-
watersrand rocks, and in other cases in the absence of such assistance.

Geophysical methods of prospecting were for the first time
extensively employed on the Rand, the magnetometric method proving
particularly valuable on account of the presence at several horizons
within the Lower Witwatersrand of well defined magnetite-rich shales
which could be detected, and from which the position of the Main
Reef Group could be approximated.

Explorations outside the producing Witwatersrand can be
grouped in respect to the following areas :—

() South and south-east of Heidelberg and in the Vredefort
distriet (Outcerop Areas).

() East of the East Rand Basin.

(¢) South-west from Randfontein to the Vaal River beyond
Klerksdorp.

(d) The northern portion of the Orange Free State.
(¢) Between Krugersdorp and Lichtenburg.

Plate No. I has been drawn up to illustrate the position and
approximate extent of the territory covered by the more important
of these investigations, relative to the producing portion of the
Witwatersrand. Only areas in which drilling or intensive geophysical
investigation took place have been taken into account, on the basis
of including the farm boundaries within which such work was done.
It will be appreciated how widespread this work has been, and the
large extent of the area investigated, in comparison with the entire
producing portion of the mining field. The area so investigated is
furthermore relatively small compared with the area which has been
held under option at one time or another during this period by a
large number of companies and a host of speculators. Had all the
ground under option been included, the producing Rand would by
comparison have appeared very small indeed.



ANNIVERSARY ADDRESS BY THE PRESIDENT XXXV

The outerop areas south and south-east of Heidelberg, and the
extensive exposures in the Vredefort district, were actively prospected
towards the beginning of the century, but work was eventually
abandoned and these areas were largely forgotten in the face of much
more promising developments in other portions of the Rand. It
was believed that they might hold out some promise in view of the
increased price of gold, and the relatively small capital outlay required,
and they became the scene of renewed activity on the part of numerous
small mining companies. These activities did not, however, produce
discoveries of importance, and most of the investigations were
abandoned at an early date.

East of the East Rand Basin, large scale activities, including
detailed magnetometric investigations, followed by diamond drilling,
were carried out to investigate the possibility of the existence of a
further synclinal bagin of Witwatersrand sediments beyond the
granite boss east of Heidelberg. The existence of Witwatersrand
sediments in this position was actually established but only Lower
Witwatersrand rocks were encountered in drilling, and the cover of
younger rocks proved much greater than anticipated. The inference
to be drawn is that the productive horizons of the system would
sub-outerop further east under increasing cover and probably at great
depths.

To the south-west of Randfontein an extensive tract of country
up to the Mooi River was intensively explored for the most part by
West Witwatersrand Areas. The north-easterly portion of this
area had been investigated before, but work was abandoned in 1910,
mainly owing to shaft sinking difficulties. West Witwatersrand Areas
was the pioneer in the exploration of outside districts, activities having
begun in 1930 before the abandonment of the gold standard, and it
was here that geophysical investigations were first applied on a large
scale on the Rand. A large amount of exploratory work and drilling
was carried out up to the beginning of the war, and the position of the
Main Reef Group and the general geological structure have been
defined over practically the whole of this area, equivalent to a strike
distance of about 30 miles, constituting an important potential
extension to the Witwatersrand mining field. Three subsidiary
mining companies, Venterspost, Libanon and Blyvooruitzicht were
formed to develop portions of this area, and Venterspost, the first
large mine to be brought into production outside the hitherto tradi-
tional boundaries of the Rand, began crushing eighteen months ago.

Beyond the Mooi River in the direction of Klerksdorp a consider-
able amount of exploration was carried out by Middle Witwatersrand
Areas, but the results have been inconclusive.
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In the Klerksdorp district a great deal of work was done,
principally by Western Reefs. This district was the scene of mining
activity as far back as the earliest days of the Rand, and a number of
small mines have been in production, at one time or another, on various
reef horizons in the Witwatersrand System, which forms extensive
outerops in the neighbourhood. The prime objective of Western
Reefs, in the beginning, was to explore the Main Reef Group of con-
glomerates, which occurs beneath younger formations. Results were
not promising as the conglomerates of the Main Reef Group were
found to be poorly developed, but encouraging borehole intersections
were obtained south of Klerksdorp on a reef group in the Elsburg
Series, much higher in the stratigraphic succession. The initial
results were confirmed by further drilling over a considerable area,
justifying the formation of a subsidiary mining company, which will
shortly be brought to the producing stage.

In the northern portion of the Orange Free State exploration
has taken place in widely separated areas, from the Vaal River
gouth of Klerksdorp to Theunissen. For several years results were
disappointing, except over a small area immediately adjoining
Western Reefs on the south side of the Vaal River. The tide turned
in 1938, when spectacular intersections were obtained from drilling
by Western Holdings south of Odendaalsrust, which has since disclosed
over a strike distance of more than 10 miles, two potentially valuable
reef horizons at moderate depths, and about 60 feet apart. Any
final correlation of these reefs is premature in the present state of our
knowledge, and might be the subject of controversy, but a large
section of geological opinion tentatively assigns them to the Elsburg
Series, possibly equivalent in a general way to the reef horizons at
Western Reefs. Had these results been available at an earlier date,
mining development would no doubt have been under way by now,
this venture having been affected by the unavoidable financial restric-
tions imposed by the war. Nevertheless, an area of great potential
value has already been indicated.

West of Krugersdorp and north of Lichtenburg, inmvestigations
were carried out in certain areas, on the assumption that a further
syncline of Witwatersrand rocks might be present to the north of the
existing Witwatersrand basin, under cover of more recent formations.
The presence of Witwatersrand rocks was neither proved nor dis-
proved, but in the areas investigated it was shown that the reef
horizons, if present, must occur beyond mining depths.

The period of intensive development continued unabated till
April, 1937, when on a certain Friday, of painful memory to many
speculators, the stock market received a heavy setback owing to
rumours of pending restrictions in the gold production. These
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rumours ultimately proved unfounded, but the market never recovered,
owing to the progressive and rapid deterioration of the international
situation which followed. Though at present, and for some time to
come, further exploration and expansion on the Witwatersrand must
of necessity be largely curtailed, the Witwatersrand Mining Industry
may look forward to large potentially valuable fields for future
expansion.

In concluding these remarks, I would like to recall the view
expressed to us, as mining students at MeGill University in 1922, by
our lecturer in mining, that the Rand had probably passed its peak
and that the future outlook would be one of slow but progressive
decline. To-day, nearly twenty years later, the same cannot be said.
Even on the Central Rand many of the oldest mines have, with the
increased price of gold and the ever greater depths to which mining
becomes possible, a long life before them and in the East Rand Basin
many new mines have recently come into production. For the first
time, large mines with a promising future have been proved in
extensions of the Witwatersrand System outside the Rand proper,
and new fields for future expansion have been discovered, which give
promise of offsetting for a considerable period retrogression owing to
the exhaustion of existing mines.

Southern Rhodesia :

Southern Rhodesia has for many years claimed fourth place
after the Union, Canada and Australia, among the gold producing
countries of the Empire. The colony’s output is distributed amongst
more than 1,500 individual producers. The Cam & Motor is Rhodesia’s
largest gold mine and returned 86,898 ounces during 1939. The larger
mines are the mines yielding over 10,000 ounces per annum ; there
were eleven such mines in 1939, and they accounted collectively for
41 per cent. of the total output. A further 34 per cent. of the output
was from 117 mines, with outputs of between 1,000 and 10,000 ounces
per annum. The remaining 25 per cent. was made up from over 1,400
producers, generally known as the ¢ smallworkers.” The small-
worker constitutes a characteristic, and rather colourful, section of
the Rhodesian mining community ; he operates on the scale of a five
stampmill or less, is usually a self-trained man, and has frequently
taken to mining from other walks of life. Rhodesian gold deposits
with their widespread distribution and sporadic values, frequently
enriched in their upper levels owing to the agency of surface waters,
and the added advantage of cheap native labour, afford a field of
operations for this class of worker, which is perhaps unrivalled any-
where else in the world.
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The gold deposits are found in the Basement Schists, or as they
are popularly called the ¢ Gold Belt Schists ”’ of Southern Rhodesia,
and to a lesser extent, in the marginal areas of the granite batholiths
which enclose them. The Basement Schists include a great variety
of very ancient and intensely altered volcanic and plutonic rocks,
together with associated sediments, now represented by greenstones,
epidiorites, banded ironstones, altered tuffs, and many varieties of
schists. They occur as remnants of erosion in irregular, though
widely distributed, belts or ribbon-like areas, constituting the deeper
portions of the original formation, preserved as roof pendants within
the granite which intruded and enfolded them. Plate IT shows the
distribution of these belts and their relationship to the enclosing
granite. The Basement Schists from Gwelo to Hartley are the most
productive of the Colony.

The outcrop portions of almost all the larger Rhodesian mines
were marked by ancient workings. The origin of these workings,
and the identity of the people responsible for them, still remains
largely a matter of conjecture.

It is impossible in an outline such as this to do more than allude
to a few important types of deposits, as exemplified by the larger
mines, both past and present, as the most remarkable feature of
Rhodesian gold deposits, as a whole, is their dissimilarity. Among
the most important are the shear zones, with impregnation and
replacement of the country rock by gold-bearing sulphides and
quartz. The Cam & Motor, Shamva, Rezende, and toalarge extent the
Wanderer, belong to this class. The well-defined quartz vein, approxi-
mating the true fissure vein type, finds an outstanding example in the
Globe & Phoenix, which has produced more gold than any other
Rhodesian mine to date, and where a truly remarkable branching quartz
vein has been mined continuously for 40 years. Other mines in this
class are the Lonely, the Fred, the Queens and the Tebekwe. This
type of deposit is very popular with the small worker, and well suited
to his requirements, being easy to mine and frequently high grade.
Gold deposits within the banded ironstones are also a very common
type, and are extensively mined in their shallower portions, where they
have been enriched, by surface agencies, but they become, as a class,
unpayable below the water table.

The abandonment of the gold standard by Southern Rhodesia
in September, 1931, gave, as in South Africa, great stimulus to the
expansion of the gold mining industry. The gold production which in
1931 was 532,111 ounces had by 1936 increased to 797,061 ounces,
which figure had previously been exceeded only during the years
1914 to 1917. Since then the rate of production has not varied a
great deal, and it seems that the maximum increase, due to the
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higher gold price, has now been reached. Theincreased gold output
has been largely due to the re-opening of many of the older mines, and
it is a matter of regret that, notwithstanding all this increased activity,
no large gold mines have been discovered in Southern Rhodesia for
many years.

COPPER.

1936 1937 1938 1939

PRODUCTION—
(in Short Tons)

World .. .. 1,890,000 2,600,000 2,250,000 —
Empire .. . 395,000 516,000 524,000 —
N. Rhodesia 159,413 233,169 238,595 237,068
Union of S.A. .. 12,196 13,920 14,683 16,378
VALUE— £ £ £ £
N. Rhodesia 5,669,142 11,564,571 8,885,629 9,444,371
Union of S.A. .. 385,571 610,192 464,466 537,306

Northern Rhodesia has taken its place in recent years among
the world’s most important copper producers despite the almost
crippling conditions of world depression and exceptionally low copper
prices under which the mines first came into production. That they
were able to establish themselves on asound and profitable basis in the
face of these difficulties, and of restricted outputs, was a notable
achievement indeed.

The copper output is derived at present from the N’Kana, Roan
Antelope, and Mufulira mines?, and another large mine, the N’Changa
mine, is being brought into large scale production. The resources of
these copper fields are very great, ore reserves aggregating to more
than 500 million tons averaging 4-0 per cent. copper have already
been proved and there is no doubt that Northern Rhodesia will in
time assume still greater importance in the world’s production of
copper.

The rise of the Northern Rhodesian deposits from doubtful
prospects to recognition as one of the world’s most valuable copper
fields, in the space of about five years, from 1926 to 1931, is one of the
most interesting chapters in the recent history of mining. It is a
chapter of particular interest to us as members of this Society, as
geology played an outstanding part in this development.

The Copper Belt of Northern Rhodesia which is understood to
include the area within which the principal mines are situated, is a
narrow strip of country adjoining the province of Katanga in the

3 Including the Chambishi property.
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Belgian Congo, to the west and south-west. It forms part of the
great plateau embracing the major portion of Northern Rhodesia,
which is an ancient peneplain uplifted in a comparatively recent
geological epoch.

The copper occurrences, which were subsequently to develop
into such important mines, were known since the early years of the
colony. Notwithstanding cursory development work carried out on
them at various times, they attracted little attention, their true
character and potentialities remaining unsuspected until the present
investigations were instituted, which can be said to have resulted in
their re-discovery. The reason for this neglect can be readily under-
stood, when it is realised that the earlier investigators must necessarily
have contrasted them with the copper deposits of the Belgian Congo.
Though both the Congo and Rhodesian deposits belong to the same
metallogenetic epoch, local conditions have been very different,
resulting in the formation of deposits of very dissimilar type. In the
Congo the deposits occur in dolomitic rocks under conditions that
favour the development of rich oxidised ore at the surface, and
experience had shown that these deposits passed, without secondary
enrichment, into lean and worthless primary ore at a relatively shallow
depth. The Rhodesian deposits, on the other hand, occur in more
siliceous rocks, in an environment conducive to a certain amount of
leaching at the surface and development of secondary sulphides in
depth. This was a feature which the earlier investigators can hardly
have been expected to appreciate, and by comparison with the
Congo, where oxide ore averaging as much as 6 or 7 per cent. copper
was already considered of doubtful value, the lean outerop ores of the
Rhodesian deposits appeared of little consequence, especially as the
inference was that the best ore was on the surface and that the
grade would diminish with depth. These facts, apart from their
interest from the historical standpoint, show in a striking manner the
importance of a proper understanding of the genesis of ore deposits,
from the point of view of practical estimates of the value ot mining
prospects.

The copper deposits occur within the lower portion of a suceession
of sediments which has been variously called the Bwana M’Kubwa
Series and the Roan Series. It has now been established that this
series corresponds to the Serie des Mines (Mines Series) of the lower
portion of the Katanga System as previously established by Belgian
geologists in adjoining parts of the Congo.

The System of the Katanga is sub-divided into the Mines Series
and the Kundelungu Series. The Mines Series is over 5,000 feet thick,
consisting of a lower group of feldspathic quartzites, argillaceous
sandstones, dolomitic shales and dolomite, followed by a middle
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group, mainly of dolomite, and an upper group of dark shales with a
few beds of sandstone. The copper deposits of Northern Rhodesia
occur within the lower group, and those of the Congo within the
middle group, of the Mines Series. The Kundelungu Series has a
thickness of about 15,000 feet and rests disconformably on the Mines
Series. It consists of a basal conglomerate of the nature of a tillite,
succeeded by dolomites and shales and eventually by great thicknesses
of sandstones of a marked purplish colour.

In the Copper Belt the Katanga System was originally laid down
on a floor composed of extremely ancient granites, gneisses and
schists constituting the Basement Schist complex of Northern Rho-
desia, analogous to the archaean basement complex of many countries
(Plate III). Subsequent earth movements, accompanied by granite
ingtrusions (younger granites) folded the Katanga sediments into
synelines and anticlines trending north-west by south-east. Prolonged
denudation has served to strip the greater part of these sediments from
the Copper Belt, where they now appear as remnants in the former
synclinal areas within the older rock. The largest of these synclinal
areas can be traced from Bwana M’Kubwa north-westwards to beyond
Mufulira near Mokambo. Remnants of other synclinal basins are the
Roan Antelope basin, the N’Kana-Chambishi basin and the N’Changa
basin.

The geological mapping of the Copper Belt and the delimitation
of the principal copper deposits was worked out for the most part
from 1927 to 1929, when the Copper Belt was the scene of extensive
and well planned geological investigations. In this region outcrops
are scarce, and a deep blanket of residual soil 50 to 100 feet deep almost
always masks the character of the underlying rocks. Even in the
cage of the larger mines, outcrops of the lode were few and incon-
gpicuous, representing but a small fraction of the actual extent of the
orebody, as subsequent investigations were to disclose. The possi-
bility that the deposits would occur on definite sedimentary horizons
was suspected at an early date. Certain beds of more resistant rocks,
giving rise to more frequent outcrops, served as markers and proved
of great assistance in approximating the position of other horizons
including the ore-carrying beds. . Prospect pits were extensively
used, in advance of drilling, to pick up the ore horizon beneath the
cover of soil. These pits were usually sunk to depths of 50 to 100 feet
which, in most cases, was sufficient to enable identification of the
underlying bedrock. Many miles of pits were put down and the
extensions of the deposits first proved in this way. Pitting was also
widely used in conjunction with general geological mapping through-
out the Copper Belt.
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Diamond drilling followed closely upon the delimitation of the
outerop position of the orebodies by pitting. The boreholes were
disposed in a grid pattern so as to section out the orebodies in regular
blocks (Fig. 3). Drilling was begun in the second half of 1927 and
was continued on an enormous scale during the three years that
followed. As early as 1929 the future position of the Roan Antelope,
N’'Kana, Mufulira and N’Changa had been assured amongst the world’s
large copper mines. The deposits were, in addition, so regular in
structure and so uniform in their copper content, as to allow of the
estimation of ore reserves on drilling results alone, and reserves running
into hundreds of millions of tons were built up in this manner. This
was almost uprecedented in & virgin mining field and was the subject
of some criticism at the time, but subsequent mining developments
confirmed ore reserves calculated in this way.
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The Northern Rhodesian copper deposits occupy the same
general stratigraphic position in the lower group of the Mines Series,
just above the feldspathic quartzites and interbedded conglomerates
which form the lowermost division of the Series. At the Roan Ante-
lope, N’Kana, and Chambishi mines, the ore-bearing horizon consists
of sandy and slightly dolomitic shales, about 20 to 120 feetin thickness,
known as the ¢ ore shale.” At Mufulira the corresponding horizon
is represented by more arenaceous and more dolomitic¢ rocks, and three
separate horizons have been mineralised within a stratigraphic interval
of about 100 feet. At N’Changa the ore shale gives rise to the river
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lode, and feldspathic quartzites slightly higher in section, to the
Dambo lode on opposing limbs of the same synecline.

The Roan Antelope, N’Kana, and N’Changa mines are situated
close to the nose of tightly folded and pitching synclines. At the Roan
Antelope, the syncline is very narrow and shallow and the entire
synclinal basin is ore-bearing. At N’Kana only the northern limb
of the syncline has been exploited to date, and the Chambishi deposit
occupies a further extension of the same limb. At N’Changa slightly
different horizons are mineralised on either limb. Mufulira is situated
on the westerly limb of the extensive syncline trending from Bwana
M’Kubwa towards Tshinsenda.

In the Rhodesian deposits surface oxidation usually extends to
depths of from 250 to 300 feet where finely disseminated malachite is
the predominant copper mineral. Near the surface leaching is usually
in evidence and copper values are impoverished. Below the oxidised
zone mixed oxide and sulphide minerals occur over a vertical distance
of about 100 feet, below which the proportion of the sulphide minerals
increases to the rapid exclusion of the oxides. N’Changa is an excep-
tion and the oxidised zone is much deeper than average, and mixed
sulphide and oxide ores persist to considerable depths. In view of
the relatively shallow depth of the oxidised zone, oxidised ore is of
little consequence in the Copper Belt, and the ore mined consists almost
exclusively of sulphides. These sulphides consist of chalcocite, born-
ite, and chalcopyrite. Secondary sulphide enrichment has been an
important factor, but the extent to which this has taken place is a
subject of controversy. The chalcopyrite is primary, most of the
chalcocite is undoubtedly secondary, but opinions are divided as to
whether the bornite is primary or secondary, and whether a portion
of the chalcocite might not be of primary origin. The copper sulphides
are very uniformly disseminated in minute crystals, throughout the
ore shale or other host rocks.

It is generally agreed by geologists who have studied the deposits
in detail that they owe their origin to copper-bearing solutions emana-
ting from the instrusions of younger granite. The localisation of the
deposits to definite stratigraphic horizons is aseribed to the impounding
effects of these beds, with the resulting slow percolation into them of
the metalliferous solutions and the re-deposition within them, of the
copper-bearing minerals in the neighbourhood of intrusions of
younger granites.

Union of South Africa :

Copper has been produced at Messina in the Northern Transvaal
for a long period of years. The Messina deposits occur in the granite
gneiss within a well-defined shear zone up to 1,000 feet in width,
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extending in a north-easterly-south-westerly direction for many miles.
A persistent dolerite dyke occurs within the shear zone and is credited
by some as being the source of the copper mineralisation. The rocks
in the shear zone are extremely altered and the orebodies take the
form of lenticular quartz replacements, and parallel quartz veins
within the shear zone with chalcocite, chalcopyrite and bornite in
nodular masses or disseminated crystals. An interesting feature
of this deposit is the exceptional purity of the copper produced which
is comparable in this respect to electrolytic copper. These deposits
supply the entire output from the Union at the present time.

The historical deposits of Namaqualand discovered by Governor
Simon van der Stel in 1685, which produced copper to a value of over
£21,000,000 between 1852 and 1935, are also about to recommence
production on a fairly large scale under the aegis of an American
company. The available reserves are estimated at 10 million tons
of ore containing about 2-45 per cent. copper. These deposits,
of which the O’okiep mine is the most important, are typical examples
of syngenetic ores consisting of magmatic segregations of chalcopyrite
and bornite in basic dykes, intrusive into granitic gneisses and meta-
morphosed sediments.

South-West Africa :

The principal copper occurrence in the Mandated Territory is at
the Tsumeb mine from which the Ovambo native tribes mined
copper ore prior to 1851, The Tsumeb deposit consists of two large
elliptical ore-lenses dipping at about 60°, and roughly parallel to the
bedding planes of the Otavi Dolomite in which the deposit is located.
The orebodies were found to be oxidised to a depth of over 400 feet,
the minerals comprising the usual copper, lead and zinc carbonates.
The sulphide ores comprise mainly chalcocite, argentiferous galena,
zincblende, pyrite, enargite and chalcopyrite. The increase in the
proportion of zine in the ore from the deepestlevelsintroduced sericus
metallurgical problems.

High grade ores are shipped direct to the consumers while the lean
ores are concentrated, smelted and shipped as a copper-lead-silver
matte. Substantial quantities of piglead and cadmium dust are
produced as by-products.

Most people still think of diamonds exclusively as gems. To
obtain a proper understanding of the present position and future of
the diamond industry, it is important to realise that during the last
ten years the utilisation of diamonds for industrial purposes has enor-
mously increased, so that the larger proportion of the world’s diamond
output by weight now consists of industrial diamonds or boart.
Unfortunately most statistics do not yet discriminate between the
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DIAMONDS.

1936 1937 1938 1939

ProbDUCTION—
(Metric Carats)

World .. .. 8,258,000 9,617,000 11,620,000 11,330,000
Empire .. .. 2,883,488 3,757,491 3,415,946 3,005,728
Union of S.A. .. 623,923 1,030,434 1,238,608 1,246,670
S.W. Africa 184,917 196,803 154,856 35,470
VALUE— £ £ £ £
Union of S.A. .. 2,125,216 3,444,678 3,496,243 2,604,172
S.W. Africa 918,113 1,015,536 767,159 —

two classes of stone, which renders any analysis in terms of total
produection, as given in the table above, distinctly misleading, unless
these factors are taken into consideration. Previous to 1930 the
Union of South Africa and South-West Africa together consistently
produced over half the world’s diamonds, whereas in the last five
years this proportion has only been from 9 to 13 per cent. TUn-
doubtedly competition from diamond fields in other parts of the
world, notably the Belgian Congo, the Gold Coast, Sierra Leone,
Angola and British Guiana has, to some extent, deprived South
Africa of her privileged position in the diamond market, yet it must
be realised that industrial diamonds, of which South Africa does not
produce a large amount, have accounted for the apparent large
increase in the diamond output in recent years. The bulk of the pro-
duetion from the Belgian Congo, which is now more than half that of
the world by weight, and about six times that of South Afriea, is of
this class. As regards stones of gem quality, South Africa and South-
West Africa still produce the larger proportion of the world’s require-
ments and, as the value of stones of gem quality is proportionately
much higher, the South African production is over one-third of the
total value of the world’s annual output, though in quantity only
about one-tenth.

‘With the disturbed conditions of the world in recent years and the
consequent decline in the sales of gem quality diamonds, the increasing
use of industrial diamonds has been a great asset to the diamond
industry, and is likely to be more so in the future, especially as
diamonds for gems and for industrial uses are not competitive, the
two classes being devoted to entirely different uses, the economie
factors affecting the demand for the one bearing no relation to that
for the other.

Industrial diamonds include cleavage fragments, waste from
cutting operations, and inferior stones from the gem deposits, but these
constitute only a small proportion of the supply. The principal
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source of supply is from diamond fields producing small diamonds of
a quality unsuitable for use as gems, and generally designated as
“bpoart.”” Boart is graded in sizes and quality in much the same
manner a8 gem diamonds. '

Boart is chiefly used in diamond drilling, the technique of which
has been revolutionised in recent years by the substitution of boart
for ¢ carbons ”” in drilling crowns and in the manufacture of diamond-
set tools, particularly lathe tools and diamond dies. The successful
application of boart-set crowns, or diamond-impregnated alloys, in
drilling is of particular importance in that it may lead to the adaptation
of diamond drilling methods for rock breaking, which has received
considerable attention, particularly in Canada. Should this prove sue-
cessful the demand for industrial stones would be enormously increased.

In the South African diamond fields in general the proportion of
industrial diamonds to gem stones is, on the whole, probably about
one-third of the present production, and a good proportion of this
amount is made up of waste from cutting operations, together with
other material which can only be crushed. Industrial stones could,
however, be obtained from deposits not at present being worked—
notably the Premier Mine—=should the demand justify this.

Union of South Africa and South-West Africa :

No other branch of mining has captivated the popular imagina-
tion so vividly as that of the diamond fields of South Africa. The
element of romance that characterised the initial finds in river gravels,
followed by the discoveries of diamond-bearing pipes from 1870 to
the end of the century, has been kept alive by discoveries of new
alluvial fields, those of South-West Africa in 1908, Lichtenburg in
1926, and Namaqualand in 1927, and by occasional spectacular dis-
coveries of large stones by individual diggers up to the present day.

The diamond deposits fall into two well defined classes, volcanic
pipes and alluvial deposits.

The name of Kimberlite has been applied to the porphyritic
ultrabasic lava, which forms the filling of these pipes ; it is a variety
of peridotite, characterised by an unusual number and diversity of
accessory minerals. From the surface down to a maximum depth of
about 150 feet the Kimberlite weathers to a yellowish clay, the
“ yellow ground ” of the early miners, grading into ‘blue ground,”
as weathering becomes less intense, and finally in parts or wholly into
“ hardebank,” a less altered type, which refuses to weather.

The diamonds occur as an original, if infinitesimal constituent of
Kimberlite, in amounts according to one authority averaging less than
one twenty-two thousandth of 1 per cent.?

¢ A. L. du Toit, Geology of South Africa, p. 463.
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About 150 Kimberlite pipes have been disecovered so far, of which
25 have been rich enough to mine, though most of the production has
been from the following eight: Kimberley, Premier, Jagersfontein,
Koffiefontein, Dutoitspan, Wesselton, Bultfontein and de Beers,
distributed over a distance of 300 miles from Jagersfontein in the
Orange Free State to beyond Pretoria in the Transvaal (Fig. 4).
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It was the fortuitous occurrence of the Bultfontein, Dutoitspan,
Kimberley, de Beers and Wesselton pipes, within a radius of a few miles
from one another which led to the establishment of the town of
Kimberley, which was built around them just as Johannesburg was
to be built around the gold mines about 15 years later.

The Kimberlite pipes are of Cretaceous age and range from less
than 100 feet to over half a mile in diameter ; they are cylindrical or
steeply funnel-like in shape, and in some cases are connected by
Kimberlite filled fissures. Almost everyone has seen pictures of the
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Kimberley opencast and has read accounts of how, in the early days,
each individual miner worked his small claim independently and to
different depths resulting in an impossible situation which was
resolved by the ultimate merging of all individual interest into the
De Beers Consolidated Mines.

The alluvial fields of the Union and of South-West Africa can be
divided into those of the Orange and Vaal River basins, the Lichten-
burg fields, the coast of South West Africa and Namaqualand.

The deposits of the Orange, Vaal and Harts rivers are distri-
buted from Prieska to Vereeniging and occur on terraces bordering
the present river channels, and high level terraces up to 400 feet above
the river and several miles from it, and in gravels constituting former
channels of the Vaal and Harts rivers. The gravels are unstratified
congisting of boulders in a sandy or clayey matrix. These diamonds
have clearly originated from diamond bearing pipes, and in some
cases it has been possible to assign individual diamonds to known
pipes.

In the Lichtenburg and Ventersdorp distriets diamonds are found
in irregular patches of gravel, or in * runs’ which are the gravel
remnants marking the course of ancient streams, which have been
preserved from erosion not infrequently in sink-holes and solution-
channels in the dolomite. The quality of the Lichtenburg diamonds
is generally inferior to that of the Vaal River stones.

In South-West Africa alluvial diamonds occur along and slightly
inland from the coast over a distance of some 300 miles from the
Orange River in the south to Conception Bay inthenorth. From the
Orange River mouth to near Bogenfels the diamonds occur in ancient
marine terraces similar to, but slightly younger than, those at
Alexander Bay and frequently covered by a heavy blanket of loose
sea sand. From Bogenfels northwards, and particularly in the
Pomona and Kolmanskuppe area, the diamonds occur in wind-swept
depressions where they have been concentrated in the upper layer of
sand and grits through the removal by wind of the lighter and finer
materials. :

The Namaqualand deposits occur along the coast south of the
mouth of the Orange River for a distance of about 200 miles. The
diamonds are found in marine gravels along the course of ancient
beaches up to 200 feet above the present sea level. In the State Allu-
vial Diggings at Alexander Bay, an ancient beach about 125 feet
above sea level is being worked, where diamonds of exceptional
quality are recovered from a gravel run a few feet to 100 feet wide.
The origin of the Namaqualand diamonds is still a matter of un-
certainty, though they are most probably due to redistribution from
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the gravels of the Orange, Buffels and other rivers. Though the
Namaqualand fields were discovered as recently as 1927, diamonds to
a value of nearly 20 million pounds have already been recovered from
them.

ASBESTOS.

1936 1937 1938 1939

PropucTION—
(in Short Tons)

World .. .. 564,000 689,000 513,000 —
Empire .. .. 395,000 513,000 386,000 —
S. Rhodesia .. 56,346 57,014 58,810 58,313
Union of S.A. .. 25,237 28,069 22,282 23,220
VALUE— ) £ £ £ £
S. Rhodesia .. 836,468 840,026 1,020,921 1,088,782
Union of S.A. .. 337,229 430,761 424,078 523,198

Southern Rhodesia comes second to Canada as an Empire pro-
ducer of asbestos and takes third place, after Canada and Russia,
in the world’s production of this commodity. The asbestos industry
of Southern Rhodesia ranks next to gold as the territory’s most
important mining industry, and the yearly value of the output
is at present in the order of one million pounds.

From 1936 to 1939 asbestos fibre produced from Southern
Rhodesia has been from one-seventh to one-fifth of the Canadian
production for the same years. Corresponding figures for the Union
of South Africa were somewhat less than half of the Rhodesian pro-
duction. In comparison to Canada, Rhodesia suffers from being
situated far away from the manufacturing centres, and cannot dispose
of large amounts of inferior fibre, which constitutes a large proportion
of the Canadian production.

Southern Rhodesia, :

Asbestos is found in numerous localities in Southern Rhodesia,
but the principal deposits occur at Shabani and in the Mashaba Hills
about 26 miles west of Victoria.

In the Shabani district the deposits occur in a mass of dunite,
partly altered to serpentine, about 9 miles long by 1% to 3 miles broad
and completely surrounded by intrusive granite (Fig. 5). Close to
the granite contact the dunite and serpentine have frequently been
converted to talec and calcareous schists. The greatest develop-
ment of tale schists and serpentine occurs along the north-east rim
of the mass and it is within this zone that the more important deposits
oceur, notably those of the Shabani and Nil Desperandum mines.
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The Shabani Mine is by far the largest asbestos mine in Southern
Rhodesia and has been in production since 1916. In this mine, and
in the adjoining Nil Desperandum mine, the deposits occur in the
form of lodes whieh are in the nature of stock-works consisting of
innumerable ramifying seams and veinlets of asbestos sufficiently
close together to permit the entire body to be mined. The lodes
occur intermittently over a distance of several miles close to the con-
tact of the serpentine and the surrounding tale schists and within
half a mile or less of the granite contact. The boundaries of the
orebodies are irregular and are defined economically by the pro-
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gressive diminution of the asbestos content to an unprofitable grade.
The largest individual lode at the Shabani Mine has a length of about
2,000 feet and a width of 200 to 300 feet.

Until recent years mining operations have been conducted from
huge opencasts ; while opencast mining is still being pursued most of
the output is now derived by a cut and fill method of stoping with
preliminary sorting underground and packing of the waste as stope
fillings. The ore is handcobbed to a product containing 40 to 50
per cent. recoverable asbestos, which is sent to the mill for crushing
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and grading to conform with market specifications. The recovery
of fibre is said to average from 2-5 to 3:75 per cent.

The deposits of the Mashaba Hills, where the Gath and King
mines are the principal producers, also occur in a belt of serpentine
and tale schists enveloped by granite.

Deposits of asbestos are worked in a small way in several other
localities in Southern Rhodesia notably in the Umvukwe and Filabusi
districts.

Union of South Africa :

A distinctive feature of the asbestos deposits of the Union is
that in addition to chrysotile or serpentine asbestos, which is the
common form of commercial asbestos the world over, they include
economically important deposits of crocidolite and amosite asbestos
which are fibrous forms of minerals of the amphibole group. In
comparison with the best grades of chrysotile asbestos, crocidolite and
amosite are not so easily spun or woven but are more resistant to acids
and sea water and are better insulators, being mostly used in the
manufacture of insulators and also in asbestos cement products.
Their geological associations are also very different, chrysotile always
occurring in serpentine or in serpentinized limestones or dolomites,
whereas crocidolite and amosite are to be found associated with
banded ironstone formations.

Chrysotile has been produced in the Union from the New
Amianthus and Munnik-Myburg mines about 29 miles north-west of
Barberton. These mines have become depleted in recent years, but
this deficiency is being made good by the recently developed deposits
at the Havelock mine in Swaziland which has now come into pro-
duction. This orebody is from 4,000 to 4,500 feet long by 70 to 130
feet wide and ore reserves said to amount to some 14 million tons have
been developed. All these occurrences are within belts of serpentine.

Crocidolite is known in the trade as blue agbestos on account of
its characteristic blue colour. Large deposits of crocidolite are to be
found in Griqualand West in the Cape Province, where they occur
scattered over an area 250 miles long and about 30 miles wide, and are
worked in numerous small mines. The crocidolite occurs in cross
fibre veins up to about 2 inches wide in banded ironstones of Griqua-
town age. Important deposits of crocidolite also occur in portions
of the Pietersburg and Letaba districts of the Transvaal in banded
ironstones of the Pretoria Series and frequently intermixed with
amosite asbestos.

Amosite resembles crocidolite in many of its properties, but it
possesses the advantage over other types of asbestos of having a much
longer length of fibre. Fibre 5 or 6 inches long is quite common in
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contrast to other types of asbestos, and it is, therefore, not graded
on length of fibre, but on colour and quality. The best quality is the
white fibre of great tensile strength, while the lower grades are pro-
gressively more yellow in colour.

The principal deposits are situated in the Pietersburg, Letaba
and Lydenburg districts of the Transvaal, in the banded ironstones
at the base of the Pretoria Series coinciding to some degree both
stratigraphically and geographically with the crocidolite occurrences,
both types of asbestos being frequently associated in the same
deposits. The most important producing centre is near Penge in the
Lydenburg district, where three groups of seams parallel to the
bedding planes of the sediments are being exploited.

The Union’s resources of crocidolite asbestos are enormous and
those of amosite are also very great; there are also large areas of
gerpentine in the Union and Swaziland which have not been ade-
quately prospected and within which additional reserves of chrysotile
asbestos may be expected to occur.

COBALT.
1936 1937 1938 1939
PropUCTION :
(Cwt.)
World .. 44,100 68,300 76,400 —
Empire .. 22,900 27,400 36,900 —
N. Rhodesia 9,078 17,409 28,762 29,719
VALUE :
N. Rhodesia . . £228,809 £665,5653 £1,369,076 £1,482,149
Northern Rhodesia :

The production of cobalt from Northern Rhodesia has risen
rapidly in recent years, and constitutes the Empire’s largest source
of this metal and indeed is competing with that of the Belgian Congo
for first place in the world’s production of cobalt. .

The entire Rhodesian output is derived from the N’Kana Mine,
where cobalt occurs as the sulphide linnaeite in the copper ore. It is
separated from the copper sulphides and concentrated by differential
flotation.

Cobalt is used, alloyed with steel and other metals, for various
purposes, notably for machine tools, rustless steels and permanent
magnets. Alloyed with chromium and tungsten it is used to produce
alloys of the Stellite type. The uses of cobalt are increasing and,
particularly at the present time, the Rhodesian production is un-
doubtedly a very welcome asset to the Empire.
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CHROME ORE.

Liji

1936 1937 1938 1939

PRODUCTION :

(Short Tons)

‘World 1,164,000 - - — —_—

Empire o 453,000 567,000 457,000 —

S. Rhodesia .. 202,159 303,817 205,052 153,314

Union of S.A. 107,198 186,379 128,899 184,006

£ £ £ £

VALUE :

S. Rhodesia .. 250,739 367,386 242,217 186,577

Union of S.A. 182,909 344,037 239,888 347,604

Southern Rhodesia and South Africa are richly endowed with
deposits of chromium. From 1913 to 1937 Southern Rhodesia has
produced a total tonnage of chrome ore well over twice that of any
other country in the world, and in recent years South Africa has

come to rank amongst the world’s largest producers.

WORLD’S CHROME ORE
1500

PRODUCTION OF

1300

©
3

THOUSANDS OF TONS

500

300

100

1919

1918

1923

1928

Fia. 6.

1933

1998



liv. PROCEEDINGS OF THE GEOLOGICAL SOCIETY OF SOUTH AFRICA

The uses to which chromium has been put have increased enor-
mously in recent years as reflected by figures of world production
shown in the accompanying graph (Fig. 6). This has been caused
by the great development of chromium steels and other chromium
alloys, particularly stainless steels, which contain from 12 to 30 per
cent. chromium. Previous to this chromium ore was principally
used for refractories and in the chemical industries.

Chrome steel on account of its hardness and toughness is used
in production of armour plate. For armour plate and stainless steels
there are no satisfactory substitutes.

Southern Rhodesia :

The principal deposits are situated around the town of Selukwe
and in the Umvukwe range of hills in the Lomagundi district about
55 miles north-west of Salisbury.

At Selukwe the chromite occurs in rocks of the Basement Schists
Complex consisting of talc and carbonated talc schists associated with
serpentine and chlorite schists.

Mining activity is mainly centred in the immediate vicinity of
the town in what is known as the Railway Block and about four
miles further south around Selukwe Peak.

The chromite bodies range from vein-like occurrences to rounded
and lenticular masses up to 400 feet long and 100 feet broad.
Generally very irregular in outline, they may lie in any position
enclosed in tale schist, but have a tendency to oceur in groups, roughly
parallel to one another and along the direction of foliation in the
schists.

For many years mining operations consisted of quarrying and
opencast mining, for which the deposits were well suited on account
of the hilly nature of the country, but with greater depth, top slicing
methods of mining have been increasingly used.

The grade of ore mined is said to average about 45 per cent.
chromic oxide, but is raised by concentration to a product averaging
about 50 per cent. of chromic oxide.

The Umvukwe deposits are genetically related to the Great Dyke,
which in this vicinity is an enstatite-rock, partly or completely ser-
pentinized, varying in width from two to three miles and flanked on
either side by granite.

Chromite occurs in seams on both sides of the dyke, roughly
parallel to its margins and dipping into it at angles of from 10 to 15
degrees, and thus simulating the structure of syneclinal sedimentary
beds. The seams are relatively narrow, a width of 30 inches being
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exceptional, but they are very persistent. The grade of ore from this
field is very high and ore averaging as much as 54 to 57 per cent.
chromic oxide is being mined.

The Great Dyke of Southern Rhodesia is intimately related to the
Bushveld Igneous Complex of the Transvaal which contains the
chromium deposits of the Union of South Africa. The deposits are
practically identical in their origin and general mode of occurrence,
and these aspects, which are dealt with more fully in the description
of the deposits of the Union, apply equally to the Umvukwe occur-
rences.

Union of South Africa :

The chromium deposits of the Union are found in the Transvaal,
where they occur in the marginal portions of the Bushveld Igneous
Complex. They can be grouped in a western belt extending north-
wards from Brits and Rustenburg for about 100 miles and an eastern
belt, in the Lydenburg district, extending in a north-south direction
for 70 miles.

The chromite occurrences take the form of seams, from less than
1 inch to over 6 feet wide, in the lower portion of the gabbroidal rocks
of the Bushveld Igneous Complex within a ‘ stratigraphic ”’ interval
of 2,500 feet or less below the well-known platinum-bearing Merensky
Reef horizon, which is a regional marker of great importance.

They owe their origin to magmatic differentiation, which is
exemplified in this portion of the Bushveld Igneous Complex to a
degree probably unequalled anywhere else in the world, giving rise
to pseudo-stratification of igneous rocks of different composition
as regular ag the bedding of stratified sediments. The regularity of
the seams and the fact that they frequently outcrop along hillsides,
are conducive to inexpensive methods of mining.

In South Africa the designation of chromitite is usually given to
chrome ore which is composed of closely packed granular chromite
crystals, usually about 0-5 of a mm. in size, with gangue of pyroxenes
or basic feldspar. Most of the South African ores are classed as friable
in that they disintegrate rapidly in storage or in transit, but a certain
portion of hard lumpy ore is sorted out and commands a higher price.

South African chrome ores are medium to low grade, averaging
about 44 to 45 per cent. chromic oxide. The best quality washed ore
attains a chromic oxide content of just under 50 per cent. Most of
the South African ore is used in refractories and in the chemical
industries.

At present most of the chrome production comes from the eastern
belt in the Lydenburg distriet which is nearer to Lourenco Marques
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where the ore is sent for shipment, but high-grade deposits are also
being worked in the western belt.

Reserves of South African chrome ore are enormous, the principal
limitations to the expansion of the industry being transportation costs
coupled with a somewhat low average grade of ore. In recent years
gravity concentration has frequently been introduced resulting in
an inerease in the chromium oxide content of 1 or 2 per cent.

MANGANESE ORE.

1936 1937 1938 1939

PRODUCTION :
(In short tons) :

World 5,900,000 6,700,000 6,500,000 —

Empire .. 1,700,000 2,500,000 2,100,000 —

Union of S.A. 236,861 557,210 422,757 388,154
VALUE :

Union of S.A. £259,461 £603,623 £560,602 £490,556

Union of South Africa :

In recent years the Union has become an important exporter of
manganese ore, following the development of the extensive manganese
deposits of the Postmasburg region. Production began in 1929 and,
gince 1930, exports of South African manganese have played an
important part in the supply of this commodity. A record output
was attained in 1937, when South Africa ranked third amongst the
world’s producers with an output exceeded only by Russia and
India.

Manganese is of particular importance at the present time.
Almost the entire world’s output is consumed by the steel industry
either as a desulphurising or deoxidising agent in the production of
ordinary steels, or in manganese steel alloys, and manganese is classed
as a strategic mineral of the first importance in the steel industry.
Before the war Germany was the principal importer of South African
manganese, but since the outbreak of hostilities exports have gone
to the United Kingdom and to the United States.

The Postmasburg deposits are situated about 130 miles by rail
north-west of Kimberley. They occur intermittently along the base
of two parallel lines of hills for a distance of many miles. These
parallel occurrences are known as the eastern and western belts, re-
spectively, the latter following the Gamagara ridge for a distance of
nearly 40 miles. The discovery of a third and more westerly belt,
the Aucamprust-Kameelhoek belt has recently been made.

The Campbell Rand dolomitic limestones are the oldest rocks
exposed in this vicinity and are overlain by a distinetive formation
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of brecciated banded ironstones, usually less than 200 feet in thickness,
locally called the Blinkklip breccia. Both the dolomite and the
breccia belong to the Transvaal System. The Blinkklip breccia is
overlain unconformably by shales and quartzites of the lower Matsap
Series of the Waterberg System.

The manganese deposits occur as irregular disconnected masses
frequently tabular or funnel-like in shape, at or close to the
contact between the dolomite and Blinkklip breccia. Meteoric
waters have leached the manganese and iron constituents from the
dolomite and redeposited them, as metasomatic replacements, in
the rocks along this horizon.

The ore minerals consist mostly of manganite and braunite.
The phosphorus content is low, usually less than 0-15 per cent. and
the chief impurities are silica and iron. The bulk of the ore is of
medium to low grade with 40 to 48 per cent. manganese, but first
grade ores containing 50 per cent. or more of manganese with an
iron content of from 5 to 8 per cent., are also mined. South African
manganese ores have the great advantage, from the export point of
view, of being unusually hard and not subject to losses in handling
or in transit and they do not tend to disintegrate after prolonged
storage.

The Postmasburg manganese deposits have been as yet imper-
fectly explored as there is ample ore available for mining to meet
the present demands. This, together with the irregular nature of
these deposits, renders it difficult to give estimates of ore reserves,
but in the opinion of the Geological Survey these fields could sustain
an annual output of half a million tons for at least 30 years.

PLATINUM GROUP METALS.

1936 1937 1938 1939
PRODUCTION :
(Troy Ounces)
World .. 456,000 471,000 552,000 —
Empire .. 274,000 306,000 351,000 —
Union of S.A. :
Plat., etec. .. 29,045 30,125 38,862 47,912
Osmiridium 5,371 5,667 5,884 6,076
VALUE : £ £ £ £
Union of S.A. :
Plat., ete. .. 176,292 237,663 223,776 302,370
Osmiridium 28,445 37,254 36,523 36,456

Union of South Africa :
It appears anomalous at first sight that the Union of South
Africa, which possesses the world’s largest platinum deposits, should
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produce only a comparatively small proportion of the world’s supply.
The limited demand for the metal, resulting in a sharp tendency to
over-production and the fact that one-third of the world’s output is
derived as a by-product from the refining of copper and nickel ores of
the Sudbury district in Canada, and therefore not competitive as
regards costs of production, and that most of the remainder is from
alluvial deposits, has prevented the large expansion predicted some
fifteen years ago for the Union’s platinum industry.

Although the world’s consumption of platinum has on the whole
increased in recent years, outputs and prices have fluctuated greatly
and the expectation of a greatly increased demand for industrial uses
has not been fulfilled, owing to the discovery of satisfactory substitutes
for many uses for which it was believed to be indispensable. Over
half the world’s production is used in jewellery, and a large portion of
the remainder in the chemical and electrical industries and in dentistry.

In the Union, platinum occurs in deposits of several types nearly
all related to the Bushveld Igneous Complex, but those of the Merensky
Reef are by far the most important.

The Merensky Reef is a distinctive band of pseudo-stratified
igneous rock in the lower portion of the norite zone of the Bushveld
Igneous Complex ; it is composed of hypersthene and bronzite, with
small amounts of feldspar, and is usually studded with large crystals
of diallage. It varies from a few feet to over thirty feet in thickness
and is overlain and underlain by light coloured varieties of norite in
" comparison with which its dark colour stands out in congiderable
contrast, and it constitutes an invaluable marker for the correlation of
the various pseudo-stratified igneous differentiates of the norite zone.
It has been followed more or less continuously for a distance of about
100 miles in the Lydenburg and Pietersburg districts and about
180 miles in the Rustenburg district.

The platinoids are contained in the sulphides of the Merensky
Reef, principally nickeliferous pyrite, pyrrhotite and pentlandite.
‘Where the band is thin it carries platinum throughout but where the
thickness becomes considerable, the platinum tends to be segregated
in parts of the band. A thin chromite seam often marks the richest
portion of the reef.

The richest sections of the Merensky Reef so far discovered are
in the Rustenburg district where, over selected stretches, 5 and 7 dwt.
per ton have been proved for several miles of strike.

The platinum deposits of the Union attracted a great deal of
attention and there was a veritable platinum boom following the
discoveries of the principal deposits about 15 years ago. Numerous
mines were brought into production and the output rose from about
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10,000 ounces in 1926 to 55,000 ounces in 1930. Following the collapse
in the price of the metal to about one-third of its value many of the
existing properties closed down. Three contiguous properties near
Rustenburg amalgamated into the Rustenburg Platinum Mines Ltd.,
which since then has been the only producer. The output from this
mine has been increasing in the last few years and in 1938 was over
53,000 ounces of platinum metals.

Osmiridium occurs in minute amounts in the Witwatersrand gold
ores and between 5,000 and 6,000 ounces is recovered yearly as a by-
product of the gold mining industry.

VANADIUM.
1936 1937 1938 1939

ProDUCTION :
(Short Tons:.

Metal)

World .. 1,021 2,652 3,657 —

Empire .. 829 913 1,027 —

S. W. Africa .. 604 653 615 —

N. Rhodesia . . 225 259 412 423
VALUE :

N. Rhodesia . . £105,048 £132,708 £323,641 £333,709

The entire Empire production of Vanadium is derived from South-
West Africa and Northern Rhodesia.

Vanadium is used in amounts up to 3 and 4 per cent., usually in
conjunction with tungsten and chromium, or molybdenum and
chromium, in high speed steel alloys and a growing demand may be
expected from this source. It is also used to an increasing extent in
the production of acid-resisting vessels, and as a catalytic agentin the
chemical industries, and to a lesser extent in the electrical and ceramic
industries.

South-West Africa :

Vanadium ores in the form of mottramite, descloizite and vana-
dinite are widespread in the Grootfontein district. The most impor-
tant deposits are those of Abenab, Baltika and Tsumeb-West. The
ore occurs as vanadates of copper lead and zinc in the form of con-
cretions varying from pea-size up to blocks as large as a man’s head.
The concretions together with blocks of silicified dolomite lie in a base
of reddish sand filling narrow but frequently very deep and extensive
solution fissures in the dolomites of the Otavi Series, which are corre-
lated with the Dolomite Series of the Transvaal System. In the
Abenab Mine the deposits are being explored at a depth of over 600
feet from the surface. The walls of the solution fissures, in which
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the vanadium ores occur, are often encrusted with a thin layer of small
crystals of these vanadates, while blocks of dolomite occurring in the
fissures are frequently completely coated with the vanadium minerals.

The vanadium ore is recovered by mechanically concentrating
the vanadium-bearing sands and the product is shipped as a concen-
trate containing about 19 per cent. vanadium pentoxide.

Northern Rhodesia :

Important deposits of vanadium are associated with the oxidised
portions of the zine and lead deposits at Broken Hill. The zinc and
lead deposits occur as lenticular bodies replacing dolomitic limestones
and having a core of massive sulphides, principally sphalerite and
galena, surrounded by a shell of oxidised ore consisting of quartz,
iron oxides, hemimorphite, with lesser amounts of zinc and lead
carbonates, and vanadium minerals, principally descloizite and
vanadinite. The vanadium minerals, in addition to being distributed
in small amounts throughout the oxidised ore, are locally concen-
trated along fissures and cavities in the oxidised and even in the
sulphide ore, and in the broken ground between the orebodies and the
dolomite. Vanadium is recovered as a concentrate from selected
vanadium-rich ore and in the form of fused pentoxide in the electro-
lytic treatment of the ordinary run of oxidized ore.

Coal and Iron.

The coal and iron deposits, and particularly those of the Union
of South Africa, must be viewed in a different light from that in which
the other mineral resources have been considered in this address.
Exports of coal are proportionately small and practically no iron ore
has been exported, but the coal mining industry of the Union is
second only to that of gold in the value of production and in its
importance in relation to the economic life of the Union, and the iron
deposits have become a vital asset with the establishment of important
steel industries in this country in recent years. Furthermore, the
Union ranks among the leading countries of the world in respect of
its reserves of coal and iron ore and these constitute an important
source of potential mineral wealth of the Empire and are even of
world importance.

Coal :

The Union of South Africa is richly endowed in deposits of coal
which occur in all of the four provinces of the Union. The available
reserves of South African coal have been estimated at the enormous
figure of 225 thousand million tons, and, though a very large proportion
of this tonnage is in respect of coal of inferior quality, sufficient good
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quality coal has already been proved to last this country for hundreds
of years, even at a greatly increased rate of consumption, and no doubt
more detailed investigations would disclose further large reserves.

In general, South African coals -are of the bituminous or semi-
bituminous type, with a tendency on the whole to a high ash content.
The best quality coals come from Natal. First-grade Natal coals have
a calorific value of 13-1 to 14 1lbs./lb. and contain from 10 to 14 per
cent. of ash. Next in quality are the first-grade coals of the Witbank
area in the Transvaal with a calorific value of from 12-8 to 13-2 1bs./lb.
and with 10 to 14 per cent. of ash. Anthracite coal is represented in
considerable amounts in the Natal coal fields, due to the metamorphie
effect of igneous intrusions within the coal-bearing strata. Coals
suitable for coking, and gas production, especially the former, occur
mostly in Natal but compared to other varieties, reserves of this
type of coal, are rather limited.

In 1939, about 18 million tons of coal were produced in the Union
of a total value of over 4% million pounds; the Transvaal accounted
for 66 per cent. of the production, Natal 25 per cent., and the Orange
Free State 9 per cent.

‘Of this amount about 12 per cent. was exported, including bunker
coal supplied to ships at local ports. Coal produced in the Transvaal
and the Orange Free State, was distributed as follows: Electricity
and industrial undertakings, 38 per cent., railways 28 per cent., the
mining industry 16 per cent., general and domestic uses 13 per cent.,
bunker and export b per cent. Of the total coal sold in Natal,
approximately half was exported and the balance taken by the
railways, municipalities, industries and domestic consumers.

In recent years, the utilisation of the coal resources of the Union
has received much careful consideration, notably by the Fuel Research
Institute established in 1930 to investigate the fuel resources of the
Union and their utilisation. A feature of particular importance has
been the increasing use of coals of inferior quality situated cloge to
large mining and industrial centres for the generation, on the spot,
of electrical power by large power stations situated at the coal mines,
a practice which has been attended with very great success.

Torbanite is also present in certain of the coal measures of the
Transvaal and Natal. Torbanite yields on distillation from 20 to 100
gallons of crude oil per ton and a torbanite seam with an average
thickness of 17 inches and an average yield of 40 gallons per ton is
being mined 8 miles north of Ermelo. The torbanite is distilled at the
mine and the crude oil refined on the Rand, the main product being
petrol.
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The principal coal deposits of the Union cecur in the coal measures
of the middle Ecca Series of the Karroo System.

The more important coal fields are those of the Witbank, Ermelo-
Carolina, and Springs areas in the Transvaal, the Vereeniging area,
on the borders of the Orange Free State and the Transvaal, and the
Vryheid, Klip River and Utrecht coal fields in Natal. In addition
there are several other coal fields of lesser importance, or still largely
undeveloped, such as those of the northern portion of the Cape
Province, the Lebombo and Waterberg areas of the Transvaal, and
in Zululand.

The Witbank coal field is the most important producing field
and accounts for about 40 per cent. of the total output at the present
time. There are five distinet coal seams, four of which have been
worked, but most of the production has been derived from the two
lower seams, the Nos. 1 and 2 seams. The No. 1, or bottom seam,
is from 4 to 10 feet thick and produces a bituminous coal eminently
suitable for steam raising and is extensively worked in & number of
mines. The No. 2 seam, or main seam, is the principal seam and is
worked in most collieries. It averages about 19 feet in thickness and is
separated from No. 1 seam by about 7 feet of coarse sandstones and
shales. The coal from the lower portion of this seam is very hard,
the calorific 