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Tin in South Africa
by L.M. FALCON-

SYNOPSIS
Cassiterite is considered to be the only economically significant tin mineral in the earth's crust, and in its purest

form has a tin content of 78,6 per cent. South Africa has limited deposits of the mineral, and by its exploitation
contributes about 2 per cent of the world's production.

This paper gives a brief history of tin mining in South Africa, which dates back almost 3000 years. Over the
intervening years, many tin-mining operations have flourished and as quickly disappeared. At present there are
only three tin mines in operation, and a description is given of the methods of mining, concentrating, and smelting
that are used.

The properties and uses of tin are listed, together with relevant statistics.

SAMEVATTING
Kassiteriet word as die enigste ekonomies beduidende tinmineraal in die aardkors beskou en het in sy suiwerste

vorm 'n tininhoud van 78,6 persent. Suid-Afrika het beperkte afsettings van die mineraal en dra deur die ontgin-
ning daarvan ongeveer 2 persent van die w&reldproduksie by.

Hierdie referaat gee 'n kort oorsig oor die geskiedenis van tinmynbou in Suid-Afrika wet byna 3000 jaar teru~-
gaan. Dear het ocr die jare talle tinmynondememings gefloreer en weer net so vinnig verdwyn. Dear is op die ocmbhk
net drie tinmyne in werking en daar word 'n beskrywing gegee van die mynbou-, konsentreer- en smeltmetodes
wat gebruik word.

Die eienskappe en gebruike van tin word gelys, tesame met die toepaslike statistiek.

HISTORyl-4

Very little is known for certain about the mining of
tin in South Africa by the ancient inhabitants, and the
available information is centred on the Transvaal, par-
ticularly the Rooiberg region. Rooiberg, in fact, is
thought to be the only 'Iron Age' mine in Southern
Africa. The term ancient workings does not mean the
same in the South African context as when applied to
European or Eastern cultures, which are considerably
older. The Iron Age in South Africa has been defined.
as having begun somewhere between 750 BC and 750 AD.
HistoIians and archaeologists are generally agreed that
the Iron Age is an age when the inhabitants of a region
practised 'settled farming habits and/or stock raising ac-
companied by the use of metal implements'.

There seems to be general consensus that the in-
habitants practising these farming and metal-using ac-
tivities were of the negroid physical type, but they are
probably not recognizable as our Blacks of today. It is
noted by historians that there is hardly a tin lode of any
importance that has been worked, or is being worked,
by modern man that had not been exploited by the an-
cients. It is further noted that, where modern workings
have indicated the richest area, the ancients had been the
most active.

The old mines were opened by the sinking of vertical
or inclined shafts, and the tin mineralization was followed
by means of drives, which were low and narrow. It is sur-
prising how efficiently and cleanly the mining operation
was carried out in view of the poor and cramped work-
ing conditions. Breaking of the ore was achieved by the
use of steel chisels (gads) and hammers, and sometimes
the area in which they worked was so low and narrow
that the miner must have had to lie prone with his arms
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stretched in front of him to remove the ore.
When the ore became too hard to break manually, a

method of fire setting was used. A fire was built on the
rock and, when the rock was sufficiently hot, cold water
was thrown onto the surface, the resultant thermal shock
causing the rock to crack. The broken ore was transported
to the surfacdn baskets, where grinding and upgrading
by some form of gravity separation with water produced
a concentrate with a tin content of some 70 per cent.

The most serious problems encountered in Iron Age
mining were those of ventilation, especially when fires
were being used, and illumination. In some old workings
at Rooiberg, shafts only 30 to 40 cm wide and 10 m deep
have been found. Such shafts would probably have been
used as ventilation shafts, and it is difficult to understand
how such narrow shafts could have been sunk.

When the mining operations had been completed, most
of the ancient workings were filled in before being aban-
doned. This was probably done for reasons of super-
stition or religious conviction, rather than that of con-
cealment since all the workings were scraped clean before
they were abandoned.

Baumann3 has given an excellent description of an-
cient mining methods.

Smelting of tin concentrates was also practised, and
a purity of approximately 95 per cent tin was obtained.
Evidence of such smelting operations has been found at
Rooiberg. In some instances, the tin had been smelted
with copper to form bronze.

The bulk of the tin mined was almost certainly ex-
ported, and the trade routes that have been positively
identified extended from the Transvaal mining areas,
through the Soutpansberg to the Limpopo River, and
fmally to the East Coast town of Sofala. Historians have
recorded descriptions of people 'dressed in white robes
and wearing an unfamiliar (to the local inhabitants) head-
dress' going to Rooiberg to collect tin. In support of these

JOURNAL OF THE SOUTH AFRICAN INSTITUTE OF MINING AND METALLURGY OCTOBER 1985 333



accounts is the discovery of a Phoenician type of tin
mould at Rooiberg.

The question arises as to how one can reconcile the
relative antiquity of the mining operations with the ad-
vanced techniques used. It has been postulated that the
original tin miners were contemporaries of the ancient
gold miners of Zimbabwe, who had moved south pros-
pecting for gold and copper (from Phalaborwa and
Messina). However, since very little written evidence is
available, many questions still remain unanswered: when
was mining started, who worked the mines, how did they
learn to prospect for a mineral that is not normally vis-
ible to the eye, why did they mine and extract tin, how
did the Rooiberg miners learn the art of making bronze?
Archaeological studies in search of the answers are still
continuing at the ancient mining sites.

~

Friede2suggests that ancient mining in the Transvaal
ended at about the middle of the 19th century, probably
as a result of the Nguni raids and the unrest of the Difa-
quane, when the whole demographic map was changed.
Three powerful Black kingdoms emerged from the suc-
cession of wars (the Zulu, Matabele, and Sotho), when
many smaller tribes were displaced or destroyed. When
the trekkers started to move into the interior, they found
three important Black kingdoms, rather than a series of
small ones. It appears that mining activities died out while
first Black and Black, and then Black and White fought
it out for survival.

The resurgence of interest in mining activities in the
northern Transvaal almost certainly followed the
discovery of gold and diamonds in the late 19th century.

OCCURRENCE AND GEOLOGY
All the deposits of commercial importance are

associated either with the Cape granites near Cape Town
and Stellenbosch or with the younger granites of the
Bushveld Complex in the Transvaal5, which was form-
ed as the result of several phases of volcanic and plutonic
activity nearly 2000 million years ago. It was then that
vast layers of lava 1200 m thick extended over the whole
area.

Cassiterite is mainly found in two types of deposits.
In the first, it occurs as a primary accessory constituent
of certain late-stage granitic intrusions, and is found in
veins and fissures in both the granite and the surroun-
ding country rock. The second type of deposit is of secon-
dary origin and occurs as alluvia or placer and detrital
deposits.

There is a clear association between cassiterite and
highly acidic granitic rocks, and it is an interesting and
significant fact that there is not a single tin field in the
world where cassiterite is found in situ except in the prox-
imity of granite and granite rocks. Because cassiterite is
a chemically stable mineral, each type of primary deposit
contributes to the secondary accumulations that are at
present the major source of tin.

The bulk of the world's supply of cassiterite comes
from stanniferous alluvial deposits derived from
mineralized areas in their neighbourhood. The main
source of tin in South Africa is in the northern Transvaal,
where deposits of the Rooiberg, Leeuwpoort, and Union
Tin regions occur in arkosites and shales of the Precam-
brian Transvaal System, which in this area forms a
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roofpendant of the Bushveld granite.
Small tonnages of tin were produced in the Cape Prov-

ince mainly prior to 1920, but by far the greatest pro-
portion of South Africa's production has originated in
the Transvaal6.

Northwestern Cape
Tin mineralization occurs in shear zones in rocks of

the Kheis system. The most important deposits were
discovered in 1943, 40 km west of Upington, but the
deposits have been worked only on a very limited scale
together with the associated mineral wolfram.

Natal
Traces of cassiterite can be found in an area 13 km east

of Melmoth but, because of the Iow grade and limited
reserves, the deposits are considered to be uneconomic.

Elsewhere in South Africa
Deposits of cassiterite in South Africa can be broadly

classified as follows:

(1) syngenetic deposits as pipes and disseminations in
younger granites;

(2) epigenetic deposits as tissue veins, fault breccias, and
replacement bodies in
(a) main granites, e.g. Zaaiplaats and Groenfontein,
(b) granophyres, e.g. Mutue Fides and Stavaren,
(c) felsites, e.g. Union Tin Mines and Solomons

Temple, and
(d) roof sediments, e.g. Rooiberg and Leeuwpoort.

Economic deposits of tin are also found associated with
pregmatites at Uis and the now defunct Brandberg Mine
in Namibia.

The tin produced in Swaziland has been mainly from
alluvial deposits located near the capital, Mbabane.

Altogether, six separate tin fields can be identified in
the Bushveld Complex. They are as listed in descending
order of total production? in Table I, and their locations
are shown in Fig. 1.

TABLE I
TIN FIELDS IN THE BUSHVELD COMPLEX

Field Location Main producer

Rooiberg
Zaaiplaats

Rooiberg
Zaaiplaats

60 km west of Warmbaths
35 km north-north-west of

Potgietersrust
25 km west of Naboomspruit
30 km west of Marble Hall
North-west of Warmbaths
46 km north of Cullinan

Nylstroom
Olifants
Elands
Moloto

Union Tin
Mutue Fides

Of these deposits, Rooiberg, Zaaiplaats, and
Nylstroom have provided well over 90 per cent of the total
tin produced in the Republic of South Africa. The two
major producers, Rooiberg Tin Limited (formerly
Rooiberg Minerals) and Zaaiplaats Tin, commenced
operations in 1908 within a few months of each other.
Leeuwpoort Tin was formed in 1911 and was taken over
by Rooiberg in 1932. Groenfontein Tin Mines began
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Fig. 1- Tin mines In South Africa
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operations in 1907 and continued until 1913. Mining was
restarted in 1939 but closed down in 1967.

Several other tin operations were started round about
1907, but most enjoyed only a very short life and had
ceased operations by 1940. A list of the various mines
and their periods of operation are given in Table VII.

MINERALOGy8
Cassiterite (SnOJ-otherwise known as tinstone-is

the only tin mineral that is in sufficient abundance in the
earth's crust to have any commercial value. When
chemically pure, which is rare, cassiterite has a tin con-
tent of 78,6 per cent, and this variety is found only in
the Tipuani River in Bolivia. Normally, cassiterite is con-
taminated with impurities such as iron and copper, and
under these conditions the tin content varies between 73
and 75 per cent.

Other mineralogical features of cassiterite are a hard-
ness of between 6 and 7 on the Moh scale, and a relative
density of 6,8 to 7,1. Cassiterite crystals are classified in
the tetragonal system.

Other tin minerals are as follows:

Ainalite: A variety of cassiterite with a tantalum pent-
oxide content of about 9 per cent.
A tin sulphide containing iron and copper
that is sometimes known as tin pyrite or bell
metal; its composition is C~S FeS SnS2,

Stannite:

ZAAIFtAATS TIN MINES-.
GROE~ONTEIN TIN MINE

/
OOFANTS TIN MINE
MUTUE FIDES TIN MINE

\

UNION TIN MINES
STAYOI~N TIN MINE

- LOCATION PLAN-
-jI-

-MAIN PRQruCING TIN FIELDS -

Noh!' Prollucing mines unllerlined

and it has a tin content of between 22 and
27 per cent.

Cylindrite: A lead-tin-antimony sulphide with the com-
position Pb6 S~ Sw

Other varieties of cassiterite are known colloquially as
ruby tin, yellow rosin, yellow wax tin, toad's eye tin, and
woodtin. All these names describe the appearance of the
particular tin mineral.

Cassiterite is mostly deep brown to black in colour, but
some varieties are red or yellow. The mineral can be iden-
tified easily if grains of cassiterite are treated with dilute
hydrochloric acid on a sheet of zinc plate. The grains then
acquire a thin film of tin metal that imparts a silvery white
colour to them.

WORLD PRODUCTION
There are only 3 p.p.m. of tin in the earth's crust, com-

pared with 70 p.p.m. of copper and 80 p.p.m. of zinc.
The world distribution of tin production is shown in
Table 11.

TIN MINING IN SOUTH AFRICA
At present there are only three operating tin-mining

companies in South Africa: Rooiberg, Union Tin, and
Zaaiplaats. All these mines are underground operations.
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TABLE 11
PRODUCTION OF TIN IN THE FREE WORLD

Country

Malaysia
Thailand
Indonesia
Bolivia
Australia
Nigeria
Zaire
South Africa
Others

%

37
12
I3
16
6
2
2
2

10

Rooiberg
Mining at Rooiberg9 is spread out over a wide area.

The centre of operations is at Rooiberg itself, with
Vellefontein and Leeuwpoort 10 km and 20 km respec-
tively south of the main complex. Nieuwpoort is 9 km
east of Rooiberg.

Tin has been mined in the Rooiberg Fragment for at
least 500 years, and modern mining started in about 1906.
The Rooiberg Minerals Development Company was
registered in 1908, with operations on Hartbeestfontein
and Olievenbosch farms, where the present Rooiberg
Mine (A Mine) is situated. In 1924 the mineral rights for
Nieuwpoort farm, where the current B Mine is situated,
were purchased. The mineral rights for the farms
Leeupoort and Rietfontein and the operating C Mine on
Leeuwpoort were purchased in 1935, followed by the pur-
chase in 1964 of Blaaubank Tin and Nickel Mines
Limited, including the mineral rights of Blaauwbank
farm. In 1970 Vellefontein Tin Mining Company Limited
was purchased, including the mineral rights on Vellefon-
tein and the operating Vellefontein Mine. A tin smelter
was installed in 1979, and the name of the company was
changed to Rooiberg Tin Limited.

The company now holds mineral rights on 17 000 ha
and freehold rights on 5330 ha of this area. Currently
there are four operating mines on the property, which
are capable of producing the following monthly tonnages
of ore:

Rooiberg Mine 12 kt
Nieuwpoort Mine 3,500 kt
Vellefontein 4 kg
Leeuwpoort Mine 23 kg.

The Rooiberg orebodies are contained in an ancient
fragment of sedimentary rocks situated in the much
younger rocks of the Bushveld Complex. The sediments
consist of arkosites and shales that are about 2100 million
years old. The mineralization tends to be confined to the
upper part of the arkosite rocks just below the transition
of shaly arkosites and shales. Tin is present as cassiterite.
The origin of the mineralization is hydrothermal activity
associated with the emplacement of the younger rocks of
the Bushveld Complex.

The mineralization is controlled by structural features,
and tends to be limited to favourable zones of the
sedimentary sequence. The complex mineral deposits are
classified as conformable or unconformable according to
their geometrical relationship with the stratification of
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the host sedimentary sequence. The conformable mineral-
ization includes pockets, bedding-plane mineralization,
bedded lodes, and bedded stringers, whereas the uncon-
formable mineralization generally occurs as steeply dip-
ping lodes that strike parallel to the major fracture
directions.

Rooiberg Mine
At Rooiberg Mine the mineralization consists of

major steeply dipping fractures and associated bedding-
plane mineralization, mineralization in (mer fractures and
fissures, and pocket mineralization.

The highest-grade mineralization was present in the
well-defined major fractures, but mining today is con-
centrated more in the bedding-plane mineralization and
pockets, which dip at about 5 to 7 degrees. The main
levels are at 30 m intervals, and the ore is extracted by
modified room-and-pillar mining on successive intervals
3 to 4 m apart.

The development ends are 2,2 by 2,2 m, and the pillars
are nominally 3,0 by 3,0 m. Owing to the erratic nature
of the mineralization, a regular pattern of development
is not always maintained, and development ends follow
higher-grade features where these exist. Once the limits
of a zone of mineralization have been reached .both
laterally and vertically, the pillars are stripped as far as
possible in areas where surface-protection restrictions are
not necessary. Locally, this is termed 'block mining'.

The development is equipped with 450 mm gauge
tracks. On the interlevels, hand lashing and tramming
using 0,7 t side tippers are practised and, on the main
levels, mechanized cleaning and tramming. Drilling on
all the mines is carried out by the use of hand-held jack-
hammers and airlegs, and all the blasting is done by Anfex
and delay fuses. Mining operations have continued down
dip from a few metres below surface to the current lowest
level of 189 m below surface.

Two inclined surface rock-hoisting shafts and one
chairlift service the mine. Ore is.transported approximate-
ly 5 km by road to the concentrator at A Mine.

As the tin mineralization is sporadic, each blast has to
be sampled before tramming to ore or to waste. At A
Mine, which is close to the assay facilities, a sample taken
from the blasted rock at the start of the shift is returned
on the same shift. At the other mines, the sample is
returned the next day. As a backup, the miner pans a
sample and is able, with experience, to get a reasonably
accurate value. Samples from cars trammed from the end,
from cars tipped on the levels, from the shaft boxes, and
at the concentrator tip complete this control.

Nieuwpoort
At B Mine, the mineralization is in the form of well-

defined, continuous, steeply dipping lodes and secondary
unconformable flat-dipping mineralization along frac-
tures. The steeply dipping lodes are associated with the
South Parallel Fault, which is one of the main structural
features on the Rooiberg properties.

The main levels are nominally 30 m apart, but there
are several variations throughout the mine. All the levels
are equipped with 450 mm gauge tracks. Stoping on the
steeply dipping lodes is by standard shrinkage-mining
methods at a dip between 50 and 70 degrees. The stope
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width varies, but averages around 1,5 m. The secondary
flatly dipping mineralization is extracted by block-mining
methods. The lowest level on the mine is about 440 m
below surface.

The mine is served by an inclined shaft licensed for the
hoisting of men and rock, and by sub-incline winzes for
intermediate rock hoisting. The ore is transported
approximately 10 km by road to the concentrator at A
Mine.

Ve/lefontein
At Vellefontein, the mineralization is in the form of

flatly dipping bedded lodes. These lodes dip at approxi-
mately 10 degrees and are mined by updip scraper clean-
ing methods at stope widths of around 1,0 m. Values on
the lodes are limited by payshoots and faulting. Individual
stope panels are served by dip gulleys at 18 m centres.
A line of 3,0 by 3,0 m pillars at 6,0 m centres is left on
one side of the gulley, giving a face width of approxi-
mately 13,5 m. Support on the face is confined to
minepoles at 1,8 m centres on dip and strike. Cleaning
is done by scraper winches down the dip gulley, either
into Cousin Jack boxes or via Chinaman chutes into cars
in the load drive. The in situ pillars are a very successful
form of support, and no problems are encountered with
hangingwall control either at Vellefontein or at C Mine.
Main levels are situated 25 m apart and at Vellefontein
are equipped with 600 mm gauge tracks. The lowest level
at Vellefontein is at 203 m below surface.

The mine is served with a surface incline and a sub-
incline for rock hoisting and a chairlift. Ore is transported
approximately 10 km by road to the concentrator at A
Mine.

Leeuwpoort Mine
At C Mine, the mineralization takes the form of major

bedded lodes dipping on average at 15 degrees and to a
large extent stacked one above the other. The extent of
pay material on these lodes varies significantly, with ir-
regular limits both on strike and dip. However, the more-
continuous lodes such as the Gap Lower have been some
of the greatest tin producers in the Mine's history. Cur--
rently these lodes are mined very successfully by the use
of updip stoping methods as described for Vellefontein.
Earlier breast stoping using mat packs resulted in major
collapses as large sections of poorly supported hang-
ingwall broke up.

In addition to the bedded lodes, mineralization is also
present on major unconformable lodes. One set has a
strike approximately parallel to the strike of the strata,
and a dip in the opposite direction to the dip of the strata.
A second set has a strike approximately in the dip direc-
tion of the strata and the lodes are very steep to vertical.
These lodes are mined by shrinkage methods.

In general, all three sets of lodes are closely associated
and, together with the faulting present, make geological
interpretation and mining difficult. In the more extreme
cases, the mineralization is extremely erratic, substantial
interpretation work is required, and scattered methods
of mining are employed.

The main levels at C Mine vary in spacing between 30
and 40 m. Track gauges of both 450 mm and 600 mm
are employed.

The lowest mining operation is 270 m below surface.
C Mine is served by a vertical men-and-rock shaft and
a surface inclined rock-hoisting shaft. Two other surface
material and travelling way inclines add to the facilities.

Owing to younger open fractures at C Mine, the area
serves as a substantial reservoir of water, and the water
used in normal mining operations is close to the total
usage of the company.

Geological Exploration
Owing to the complex nature of the mineralization at

Rooiberg, a major geological effort is required. Current-
ly, every month 1000 m of surface diamond drilling,
1000 m of underground diamond drilling, and a total of
3000 m of development are required to support the 45
kt of ore treated per month.

Union TinlO
The tin-bearing lodes at the Mine form an irregular

stockwork, which occurs in shales in the vicinity of their
contact with the overlying felsites. The pattern is so ir-
regular, and the lodes and veins so difficult to locate, that
constant sampling and underground panning are
required.

Development
The major tin lodes traverse the mine from east to west,

and the main drives are advanced along these lodes on
each level. From these drives, diamond drilling is done
into the hangingwall and the footwall to pick up any
enrichment.

Stoping
Two types of stoping methods are used.

(1) Flat stopes (0 to 35 degrees). A raise is developed
from the reef drive to the level above to provide ven-
tilation, access for people, pipes, cables, etc., and a
dip scraper path for the removal of broken rock.
Since the rock is very competent, no timber packs
are required for support, mine poles being used to
support brows, slips, and faults. Pillars of rock 2 m
by 2 m are left in situ at positions determined accor-
ding to the prevailing hangingwall conditions.

(2) Steep stopes (35 to 80 degrees). The full extent of the
lode is opened up by 2 m wide raises developed at
4 m centres. On each raise a wooden Chinaman box
is installed to collect the rock for tramming purposes.
The raises are inter-connected by strike drives, also
at 4 m centres on dip, which leaves a series of 2 m
by 2 m pillars in the stope. Once the extent of the
lode has been exposed, the pillars can be extracted
on a retreat basis and, if hanging conditions permit,
an extraction of 100 per cent can be achieved.

Drilling
Tungsten-tipped drill steel 1 m by 35 mm is used for

both stoping and development. The sludge from the holes
is collected individually, and those holes containing tin
as determined by panning are marked with a cross; bar-
ren holes are marked with a circle to inform the miner
whether there is enrichment of the hangingwall or foot-
wall, or the possibility of an offshoot from the main load.
At the end of the shift, the total day's sludge is collected
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and sent to the assay office, where the blast value for the
area is determined.

The payability of the ore is determined to a large ex-
tent by the iron content since, the higher the iron, the
lower the recovery. Some blocks of mineralized ground
have been left in situ because of the high iron content.

Zaaiplaatsll,12
Zaaiplaats produces 18 t of tin metal per month from

cassiterite, which occurs in irregular pipes (with diameters
ranging from about 10 cm to 10 m), in lenses, and as [me
disseminations in the granite rock. Until 1927 ore was ob-
tained from surface workings of the pipes, but since then
about 90 per cent of all the ore comes from underground
operations. Mining takes place in cool, comfortable con-
ditions about 150 m below the surface.

RECOVERY OF CASSITERITE
It is obvious from the physical characteristics of

cassiterite that its high relative density in relation to its
gangue constituents makes it an ideal mineral for the ap-
plication of gravity-separation techniques. Unfortunately,
its relative hardness-approximately equal to that of
steel-is accompanied by extreme brittleness. This fac-
tor must be taken into account during the crushing and
grinding operations prior to concentration, and leads to
the general policy that cassiterite grains should, where
possible, be recovered at the earliest possible stage and
at the largest size. Once the particles have been reduced
in size to below about 43 ILm, the efficiency of gravity-
concentration processes decreases markedly.

The gravity techniques applied to the recovery of
cassiterite fall into two main categories: those applied to
soft-rock deposits, and those to hard-rock deposits.

Soft-rock Deposits
This category includes mainly alluvial deposits, which

account for 70 to 80 per cent of the world reserves, and
the beneficiation processes are relatively simple because
of the high degree of liberation of the particles.

The basic commercial method of primary concentra-
tion employs sluice boxes known as palongs, which are
used on alluvial deposits in Malaysia and Thailand. The
palong concentrates are dressed either manually or by the
use of jigs. The manual method consists of countless
cycles of hydraulic classification and sluicing. This is not
only labour-intensive, but the treatment of new feed
comes to a virtual standstill during this operation because
all the workers are required for the cleaning operation.
As a result, it is now estimated that about 40 per cent
of the Malayan gravel pump mines use jigs for the clean-
ing operation. The final concentrate leaving the tin shed
has a tin content of 75 to 76 per cent.

As there are no alluvial deposits of tin in South Africa,
details of recovery from these sources will not be con-
sidered further.

Hard-rock Deposits
For hard-rock ores, the cassiterite from the associated

gangue minerals is liberated by conventional crushing and
grinding. However, because of cassiterite's extreme
brittleness, significant quantities of very fine particles can
be produced at this stage, resulting in losses of tin in the
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succeeding processing stages. It is pertinent to mention
that froth flotation, which is used ta upgrade particles
less than 43 ILm, is not able to treat particles smaller than
6 ILm in size. In some cases, the unrecoverable cassiterite
of minus 6 ILm can account for as much as 6 per cent of
the metallic tin entering a plant.

Most hard-rock tin concentrators use different com-
binations of the same crushing and milling equipment to
effect the liberation, which are then followed by a wide
variety of gravity-concentration devices for further
beneficiation. The plant at Rooiberg Tin Mine8,13 is
described to illustrate these methods.

The original plant at Rooiberg was designed and
operated by Cornish engineers. The flowsheet of the mill
in those days showed that the sulphides and other heavy
minerals were removed from the concentrate by calcin-
ing, buddling, and tossing in kieve tubs. As none of these
processes is suitable for coarse concentrates, no attempt
was made to recover the mineral as soon as it was
liberated. The Round frame and Acme frame were
developments of the buddle, and all operated on the prin-
ciples of the flowing-film separator.

Tossing of the tin concentrates was usually the last
upgrading stage in the recovery programme. This con-
sisted of swirling and agitating the concentrate in a kieve
tub. The heavy mineral moved to the side of the tub and
downwards, and the lighter gangue formed a core in the
centre. The sides of the tub were rapped vigorously dur-
ing this process to aid the stratification.

Some of these methods of concentration remained in
use at Rooiberg until the mid 1970s, although coarse grin-
ding and slime removal by hydrocyclones were first in-
troduced in 1949. The present-day operations are divid-
ed into two sections: the Rooiberg and the Leeuwpoort
Mines. The concentrators at each section employ the same
basic principles and each treats about 20 kt of ore per
month. The head grade of the ore varies between about
0,5 and 0,7 per cent tin, but at times has exceeded 1 per
cent. The Leeuwpoort ore is coarser, and is more easily
liberated than that found at Rooiberg. A typical flowsheet
is shown in Fig. 2.

Heavy-medium Separation
The initial stage of the operations involves crushing of

the run-of-mine ore to a size suitable for the first stage
of gravity separation (12 mm), which is a heavy-medium
process using a Dynawhirlpool (cyclonic type) separator.
The operation at C Mine differs slightly from that of the
A Mine at this point in that, because of the presence of
larger crystals of cassiterite, C Mine incorporates a jig
in the crusher circuit to concentrate any minus 3 mm
material entering the plant. The jig concentrate, which
has a grade of 30 per cent tin, accounts for about 2 per
cent of the total production of tin from this plant.

The Dynawhirlpool separators in both Rooiberg con-
centrators are 310 mm in diameter and treat material in
the size range minus 12 mm. This operation discards some
66 per cent of the total ore entering the plant, and recovers
85 per cent of the tin. The relative density of separation
is about 2,9, and the medium used is 100 D ferrosilicon.
The consumption of ferrosilicon is about 300 g/t, and
the cost of the heavy-medium process is at present RO,80
per ton of material treated.
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Up to 1979 it was standard practice in heavy-medium
separation plants to screen the feed at a size of about 0,5
to 1 mm, and feed only the oversize into the separating
vessel. The fines were then treated by some other con-
ventional system, which at Rooiberg was a combination
of jigs and shaking tables. Development work at the Fuel
Research Institute led to a system for the treatment of
minus 0,5 mm coal by heavy-medium techniques. Fur-
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ther development showed that this system could also be
applied to tin ore and, as a result, a fines-treatment plant
designed around a 125 mm DSM (Dutch State Mines)
cyclone was built at C Mine in 1980. The results to date
indicate that 95 per cent of the tin is concentrated into
35 per cent (by mass) of the feed. The heavy medium used
is a mixture of 100 D ferrosilicon and magnetite, the lat-
ter being used to stabilize the medium. Losses of heavy
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medium are higher than those experienced in the coarser
heavy-medium circuit, and are about 1,3 kg/t.

Although Dynawhirlpool units are used for primary
separation at Rooiberg, other units such as cyclones,
drums, and cones (as used in Cornwall) may be just as
efficient. However, it would be expected that drums and
cones would be more suitable for the beneficiation of
larger particles of cassiterite.

Considerable experimentation was carried out in Corn-
wall on the use of heavy liquids for gravity separation.
The liquid used was tetrabromoethane, but the process
was not successful economically owing to the high losses
(by adherence) of this expensive liquid.

Shaking Tables
The concentrates from the heavy-medium separation,

containing some 2 to 3 per cent tin, go forward to mill-
ing and tabling. In order to minimize the production of
particles smaller than 43 ",m, this part of the beneficia-
tion process takes place in stages, and a circuit consisting
of stage grinding with intermediate gravity recovery
using conventional shaking tables is therefore employed.

Each mill product is classified into narrow size ranges
by the use of hydrosizers before table treatment. In the
concentrator at Rooiberg, three 'lines' of tables are
used, preceded by rod milling in the first instance and
followed by two stages of ball milling.

The concentrate from each series of tables, which has
a grade of between 12 and 20 per cent tin, goes forward
to the concentrate-dressing section. These concentrates
represent about 3 per cent (by mass) of the original feed
to the tables.

The dressing section for the upgrading of the table con-
centrates is similar to a mill-table circuit with the addi-
tion of a sulphide flotation circuit to remove the pyrite
that has been recovered with the cassiterite. The final
gravity concentrate has a grade of about 60 to 62 per cent
tin.

The tailings from the final 'line' of tables is further
scavenged by a series of Humphrey spirals. Union Tin,
however, returns all the sand tailings to the regrind mill,
so that the only material that leaves the concentrator is
from the flotation section.

The overflow from the hydrosizers, containing most
of the particles smaller than 43 ILm, is routed to the froth-
flotation section of the plant.

The plant at Zaaiplaats adopts the same gravity-
concentration methods as at Rooiberg, but does not in-
clude the heavy-medium section because of the very fine
dissemination of the cassiterite in the ore. The final con-
centrates, after the conventional dressing section to
remove unwanted contaminants, has a grade of about 65
per cent tin.

Flotation of Cassiteritel3.14
The flotation of cassiterite has been the target of a con-

siderable amount of research effort over the years, since
the conventional gravity-separation processes are applied
successfully only to liberated particles larger than 40 ",m.
Some gravity separators, e.g. Bartles-Mozley tables,
separate at finer sizes but with a low recovery, and in ad-
dition the product needs further upgrading on conven-
tional shaking tables.
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Rooiberg became interested in the flotation of
cassiterite because of a trend to more finely disseminated
ore and of a need to maintain recoveries in the face of
falling ore grades. Developmental work was conducted
by companies of the Gold Fields Group in the United
Kingdom1S, Australia, and South Africa, and was ini-
tially promoted by an investigation 'at the Warren Spring
Laboratory in England. South Africa's first cassiterite
flotation plant was commissioned at the Union Tin Mine
in 1971 after tests on a series of collectors, the most pro-
mising of which were iso-hexyl phosphonic acid with
sodium oleate, dialkyl sulphosuccinamate, ethyl phenyl
phosphonic acid (EPPA) , and paratolyl arsonic acid
(PT AA). The plant was commissioned using PT AA
together with sodium silicate as the slime dispersant and
sodium fluoride as the depressant. The pH control at 4,5
was found to be critical, and careful desliming of the feed
at 6 ",m was essential to good recovery.

In 1972, a flotation circuit was built and commission-
ed at the Rooiberg Mine to handle equal tonnages of cur-
rent arisings of slime tailings and reclaimed slimes from
the slimes dam, the operation being modelled on ex-
perience gained at Union Tin Mine.

Owing to difficulties in the manufacture of PT AA, a
change was made to EPPA as collector in 1974, and this
has been the standard collector used since then. This
chemical has also been obtained under the alternative
name of styrene phosphonic acid. Owing to the high cost
of EPPA (up to R16 per kilogram), there has been a con-
tinual search for alternative collectors. Several sulpho-
succinamates have received attention, but plant trials have
shown them to be inferior collectors for Rooiberg ore.
This is thought to be due mainly to the very hard nature
of the local water.

The use of sodium fluoride was discontinued in 1977,
and at present the reagents are 0,4 kglt of sodium silicate
and a total of 0,35 kglt of EPPA added in three stages.
Tests on variations to the flotation circuit eliminated the
use of cleaning stages, since it.was found that the coarser
(i.e. plus 20 ",m) cassiterite was lost during the cleaning
stage. The present circuit now comprises only roughing
and scavenging (Fig. 3). It appears that the simplifica-
tion of the circuit has improved the results, which
demonstrates that simplicity is often better when the
workers are unskilled.

The determination of tin values for plant control are
conducted on a portable isotope X-ray-fluorescence
analyser, and the analyses from this instrument are
available within an hour. Although not as good as a much
more costly on-stream analyser, this system gives
operators a considerable amount of information and
confidence.

The concentrates produced have consistently been
suitable for low-grade concentrate smelters, i.e. tin fum-
ing plants, the concentrate grade changing with the re-
quirements of the sales contract.

Smelting of Cassiteritel3
The production ohin metal from a cassiterite-bearing

concentrate follows a conventional carbon-reduction
process:

C + CO2 - 2CO
Sn02 + 2CO - Sn + 2C02.
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However, the thermodynamics of the reaction are such
that the sulphides and oxides of most other base metals
are also reduced to the metals under these conditions.
Thus, most tin smelters operate on high-grade concen-
trates containing very little impurity. Small amounts of
impurities (copper, lead, zinc, bismuth, arsenic, and an-
timony) can, if necessary, be removed from the metal by
various dry-rerming techniques. An extremely pure prod-
uct can be obtained by electrolytic refining, but the local
market at present does not require such purity.

The major metal impurity that occurs in tin concen-
trate is iron. Tin oxide is reduced under conditions very
similar to those for iron oxide, and it is therefore dif-
ficult to separate the two metals during smelting. The con-
centrates that are produced in South Africa contain 60
to 70 per cent tin and less than 5 per cent iron. The con-
ventional tin-smelting process shown in Fig. 4 was
developed to treat this type of concentrate.

The process begins with a primary smelt under gentle
reducing conditions, which extracts most of the tin with
very little iron, and leaves a slag containing approximately
20 per cent tin. The slag is then subjected to a smelt under
stronger reducing conditions so that most of the re-
mainder of the tin and iron are reduced to form a tin-
iron alloy, and the low-grade slag is rejected. The tin-
iron alloy (known as hardhead) is recycled to the primary
smelt. The tin from the primary smelt is dry-rermed, Le.
impurities are removed as drosses, which are normally
returned to the smelt.

All the iron that reports to the concentrate must leave
the circuit as discarded final slag. However, tin and iron
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COAl CHAR (REW:1Ifj AGENTI
HARDHEAD
DUST
ORa;S

HARDHEAD I DUST I DROSS

RAW TIN

DUST

PRIMARY SLAG

COAL CHAR
IREDUCIIfj AGENT!
Fl1JX

FINAL
SLAG

HARDHEAD

FINAL TIN
99,8%Sn DROSSES

Fig. 4-A conventional tln-ameltlng circuit

are at equilibrium in the smelt:

Sn in metal x Fe in slag
= K = SO

Fe in metal Sn in slag

or

Sn in slag
=

Sn in hardhead x 1.. .
Fe in slag Fe in hardhead SO

Thus, iron leaving the circuit as slag always takes some
tin with it. Final slags from this circuit normally contain
1 to 2 per cent tin and approximately 10 per cent iron.

As can be seen from the above equation, a third stage
of smelting, which would produce a hardhead with a
lower ratio of tin to iron, would result in a lower tin-to-
iron ratio in the fmal slag. The choice of whether to in-
clude a third stage is a matter of economics.

Ferrosi/icon Smelting Process
The high-grade concentrate from Rooiberg contains

approximately 60 per cent tin and from 3 to 15 per cent
iron, depending on the source of the ore. The iron oc-
curs chiefly as hematite, with some tourmaline and
ankerite.

I t was decided initially that, if Rooiberg concentrate
with its high iron content was smelted alone, the tin losses
to the slag would be unacceptably high. For this reason
attention was focused on the ferrosilicon process, which
was invented in 1922 by the Russians. In the process, iron
was removed from the circuit as ferrosilicon without the
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loss of too much tin. <;ia Estanfero do Brazil in South
America has used this method of smelting very successful-
ly for many years. There are several variations of this
treatment route, and the circuit shown in Fig. 5 was that
used at Rooiberg until very recently.
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Fig. 5-Smeltlng of ferro8111conet Roolberg

After a conventional primary smelt, the high-grade slag
is remelted with char, fluxes, and high-grade ferrosilicon
(i.e. 75 per cent silicon). The products of the smelt are
metallic tin, a discard final slag, and a discard low-grade
ferrosilicon. Most of the iron is removed as ferrosilicon,
leaving a slag low in both iron and tin. A negligible
amount of hardhead produced by over-reduction in the
primary smelt is recycled, and the discard products are
placed on dumps pending possible further treatment.

However, owing to the very sharp increase in the price
of ferrosilicon, Rooiberg have now reverted to the con-
ventional smelting process. At intervals, a short period
using ferrosilicon is introduced to remove the build-up
of iron that has occurred.

Only the high-grade concentrates (approximately 60 per
cent tin) are smelted in South Africa, while the low-grade
concentrates (17 to 20 per cent tin) from the froth-
flotation circuits at Rooiberg and Union Tin are exported,
as are the medium-grade concentrates (45 to 55 per cent
tin) from the latter.

The smelting facilities at Rooiberg were commission-
ed in 1979, and are designed around two 550 kVA

submerged-arc electric furnaces with a capacity to pro-
duce approximately 2 kt of metallic tin per year. The
crude tin is processed further in three 10 t electric refin-
ing kettles, which produce a final product with a purity
of more than 99,9 per cent. Although most of the com-
mon impurities can be removed during the refming stage,
it is advantageous to eliminate as many of these as pos-
sible during the froth-flotation operation, especially the
sulphides of cobalt and nickel. .

The smelter at Iscor (Vanderbijlpark)16 is significant-
ly smaller than that at Rooiberg, and has a capacity of
less than 1 kt of metallic tin per year. The design of the
smelter is based on one 350 kVA submerged-arc electric
furnace. Concentrates for this plant are obtained from
the Uis Mine in Namibia, which produces approximate-
ly 100 t per month of concentrates containing 65 per cent
tin, which is sufficient to satisfy all Iscor's domestic tin
requirementsl7. .

Zaaiplaats also has its own smelter, which uses gas-
fired reverberatory furnaces to treat the concentrates
from the Zaaiplaats Mine. Prior to the commissioning
of the Rooiberg Smelter, Zaaiplaats used to smelt a frac-
tion of the Rooiberg concentrate.

PROPERTIES OF TIN

Tin is a silvery-white metallic element with a brilliant
lustre, and is a highly malleable and ductile metal. Its pro-
perties are as follows:

Atomic number
Atomic mass
Melting point
Boiling point
Relative density
Hardness (20°C)

50
118,70
231,9°C
2270°C

7,29
3,9 HB.

USES OF TIN
Tin is one of the oldest metals known to man, and its

position as an invaluable metal in a wide variety of uses
has been established by reason of a number of proper-
ties: great malleability, low melting point, softness, cor-
rosion resistance, non-toxicity, anti-friction qualities, and
appearance. In the present century, its main use has been
in the coating of tinplate, currently accounting for about
40 per cent of the production in the non-Communist
world. The second largest use is in solder, which accounts
for about one-quarter of the total consumption. The
other main uses are in bronze and brass, white metal, bab-
bitt, anti-friction metal, tinning, and chemicals, which
account for much smaller percentages of world consump-
tion. Tin is also used for a variety of other purposes, such
as collapsible tubes and foil, and at one time the coinage
in parts of south-east Asia was made of tin.

Throughout the present century, the world demand for
tin (Table Ill) has depended heavily on tin plate. In the
late twenties, tinplate took about one-quarter of the tin
produced, rising to one-third in the late thirties with the
growing poularity of canned food. Since the Second
World War, its share has fluctuated within the 40 to 45
per cent range, with a tendency in the late seventies
towards the bottom end of the range.

Over 90 per cent of the tinplate is used for the manufac-
ture of tin cans, a high proportion of which is used for

342 OCTOBER 1985 JOURNAL OF THE SOUTH AFRICAN INSTITUTE OF MINING AND METALLURGY



Commodity 1975 1977 1979 1981t 1983

Tinplatet 47900 50 400 46 900 37500 33 100
"70 40,3 39,5 36,9 33,7 31,9
Solder 28 600 29 900 31 200 28 600 28 100
070 24,1 23,4 24,5 25,7 27,1
Bronze and

brass 9,200 9700 9500 8300 4900
"70 7,7 7,6 7,5 7,5 4,7
White metal, babbitt,

and anti-friction
metal 10 300 10 900 9900 7300 7 100

"70 8,7 8,5 7,8 6,5 6,9
Tinning 4200 4300 4300 3800 3200
070 3,5 3,4 3,4 3,4 3,1
Other 18 700 22 500 25 300 25 800 27 300
070 15,7 17,6 19,9 23,2 26,3
Total§ 118 900 127 700 127 100 111 300 103 700
070 100,0 100,0 100,0 100,0 100,0

. Include U.S.A., Japan, France, Germany, Federal Republic of Ger-
many, Italy, and the United Kingdom. All the figures are rounded
to the nearest 100 t.

t Mainly pnmary; includes recycled tin metal for the U .S.A. (tinplate
only), and recycled tin in all forms for Italy (all uses) and the United
Kingdom (all uses).

t The figures may include some tin used in terneplate.
§ Includes provisional figures for the U.S.A.

(Source: International Tin Council, Tin statistics 1966-75,1%9-79)

Ore treated Metal Extraction
Mine t t 070

Rooiberg 668 5% 2124 77,8

Union Tin 112 812 341 62,6
Zaaiplaats 105 949 198 ?
Others ? 5 ?

Total 2668

(Source: Minerals Bureau, Johannesburg)

TABLE III
TIN CONSUMPTION BY USES-SELECTED COUNTRIES. (IN TONS)

the canning of food and beverages, with smaller propor-
tions going into such things as paint cans, petrol cans,
and the more modem product, aerosols. The non-
container uses of tinplate include electric fires, reflectors,
electronic equipment, toys, and battery shells.

The second main use of tin is its combination with lead
to form the tin alloys known as solders. The tin content
of solder usually varies from 15 to 65 per cent, the pro-
portions differing according to the purpose for which the
solder is required. Some solders are used merely as fillers
for automobile bodies, but to a diminishing extent. Others
are used for the making of joints in the electrical and elec-
tronics industries. The oldest use is in plumbing.

There are many other tin-containing alloys. Bronze,
an alloy of copper containing up to 10 per cent tin, is
probably the best known, being used in the manufacture
of kitchen utensils, ornaments, musical instruments,
marine bearings, brushes, and pumps. Other alloys have
been developed in recent times for a variety of purposes:
tin-nickel alloys for printed circuits, tin-zinc alloys for
hydraulic equipment, tin-aluminium alloys for bearings,
and cast-iron alloys with a small tin content for wear-
resistant and heat-resistant irons.

About 4 per cent of the tin is used in the tinning of
a variety of goods, such as equipment for food process-
ing and cooking, and for electrical and electronic com-
ponents. In such products, tin is invaluable because of
its corrosion resistance, non-toxicity, appearance, and
fusibility. Tinning differs from tinplate in that the tin
coating is applied directly to a steel-made article instead
of to steel sheets themselves.

The most recent substantial use of tin is in certain
chemicals, namely a number of organotin and in-'
organotin compounds. The share of these compounds in
world tin consumption is uncertain, but it is known to
be an expanding source of demand.

A recent but small use of tin is in molten form for the
manufacture of float glass, but no other substantial use
has emerged since the war. Some uses are now much less
important than they were before the war; for example,
tin sheets and tin foil have been largely replaced by
aluminium. Tin tubes are still made in substantial quan-
tities for various medical preparations where the chemical
inertness of tin is important, but the amount of tin re-
quired for these purposes is only a small fraction of the
thousands of tons once used. Similarly, technical changes
in the printing industry have virtually eliminated the de-
mand for primary tin in type-metal, and has also
drastically reduced the demand for secondary tin in this
use in the past ten years.

Tables IV to VIII give some statistics relating to the
production of tin in South Africa, and of the average
prices of tin over the years.

TABLE IV
TIN PRODUCTION IN SOUTH AFRICA, 1983

TABLE V
SOUTH AFRICAN REVENUE FROM LOCAL SALES AND EXPORTS OF

TIN, 1974-198318

Year

Changes in total revnue*
Total revenue Export revenue in real terms

R (ooo's) "70of total indexed to 1974

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

59,9
65,5
65,4
76,1
74,6
68,6
45,9
45,7
57,3
70,0

1,0
0,94
0,97
1,45
1,62
1,40
1,61
1,11
1,21
0,98

11904
12 714
14 579
24 118
29973
29 362
38 424
30 575
38 048
34785

.The South African Consumer Price Index was used as a deflator
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TABLE VI
TOTAL SOUTH AFRICAN REVENUE FOR 1983:TOP 20 MINERALSI8

Commodity
Revenue
R (OOO's)

11ft of total

revenue

Gold
Coal (bituminous)
Miscellaneous
Diamonds
Copper
Iron ore
Limestone
Asbestos
Manganese
Chromium ore
Silver
Coal: anthracite
Phosphate
Nickel
Sulphur (all forms)
Zinc
Tin
Fluorspar
Lead
Granite; norite

10 180 209
2463 033
1 041 186

525217
351 137
295 599
162493
113 279
110219
89 910
79342
76798
74 271
53287
48 002
46 237
34785
30 744
28431
28 307

63,67
15,40
6,51
3,28
2,20
1,87
1,02
0,71
0,69
0,56
0,50
0,48
0,46
0,33
0,30
0,29
0,22
0,19
0,18
0,18

Total of top 20 15 835 486 99,03
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TABLE VII
OPERATING PERIOD OF TIN MINES IN SOUTH AFRICA'

Organization

Rooiberg Tin Field
Anglo Rand
Blaaubank Tin Mine
Leeuwpoort Tin Mine
Rooiberg Minerals
Vellefontein Tin Mining Co.
Wegnek Tin Company

Zaaiplaats Tin Field
African Farms
Gilfonia Tin Mine
Groenfontein Tin Mine

Groenvlei Minerale

Groenvlei Tin Mine

Leonora Tin Tribute
Maggs & Munro

Solomons Temple Tin Mine

Sterk River Tin Mines
Zaaiplaats Tin Mining Co.

Nylstroom Tin Field

Doornhoek Platinum Mines

Doornhoek Tin Mine

Protea Tin Mining Syndicate
South African Tin Mines

Union Tin Mines

Olifants Tin Field
Gras Valley Tin Mine
Mutue Fides Tin Mine
Northern Transvaal Mine
Stavoren Base Metals
Stavoren Tin Mining Co.

Transvaal Tin Areas

Union Tin Mines
Zaaiplaats Tin Mining Co.

Elands Tin Field
Eland Tin Myn
Elandsfontein Tin Mine
Northern Tin Mining Co.
Warmbaths Tin Syndicate
Waterberg Tins

Molto Tin Field
Bushveld Tin Mines
Cambrian Tin Mines
Enkeldoorn Tin Mine

Mass Tin Co.
New Pretoria Silver

and Lead Company
Roberts Tin Mine
Transvaal Cons. Land

& Expl.
Vaalbank Tin Mines
Vlaklaagte Tin Mine
Zustershoek Tin & Minerals

Development Company

Period of
operation

1952
1935-1940
1911-1930

1909-present
1953-1964
1909-1911

Field total

1913-1914
1918-1919
1906-1913
1939-1967

1943
1916-1918

1913
1906-1909
1909-1912

1920
1950-1952
1914-1916

19O9-present

Field total

1927-1928
1914
1929

1909-1913
1951-present

Field total

1956-1959
1913-1949

1915
1943-1944
1913-1921
1914-1936
1948-1949
1918-1920
1956-1959

Field total

1951
1964-1965
1936-1940
1925-1929
1909-1910

Field total

1904-1910
1915-1916
1951-1968

(intermittent)
1927-1928

1928-1928
1917-1920

1921-1923
1935-1940
1934-1938

1952-1954

Field total

Grand Total

Metallic tin
t

7
69

7027
57 169

1 340
5

65 617

4463
1
9
5

432
30

12
28

32000

37079

6
15
18

270
10 295

10 604

151
2719

2
1

120
6

13
19

3031

1
6

42
66

3

118

29

103

116 552

11ftof

total

56,3

97
2

31,8

9,1

2,6

0,1

13
6
9

18

1
7

5
1

14

0,1

100.0



TABLE VIII
YEARLY AVERAGE PRICES FOR TIN

Year Price., R/t Year Price., R/t Year Price., R/t Year Price., R/t

1908 266 1946 645 1927 578 1965 2825

1909 270 1947 856 1928 454 1%6 2592

1910 311 1948 1 103 1929 408 1967 2139

1911 385 1949 1 209 1930 284 1968 2316

1912 419 1950 1489 1931 337 1969 2541

1913 403 1951 2155 1932 272 1970 2678
1914 303 1952 1 929 1933 389 1971 2517

1915 328 1953 1457 1934 461 1972 2636
1916 364 1954 1441 1935 451 1973 3434
1917 475 1955 1480 1936 409 1974 6122
1918 659 1956 1 575 1937 485 1975 5412
1919 515 1957 1 510 1938 379 1976 7442
1920 592 1958 1470 1939 453 1977 10 824
1921 331 1959 1 571 1940 513 1978 11 743
1922 319 1960 1 593 1941 523 1979 12 775
1923 405 1961 1777 1942 553 1980 12 660
1924 498 1962 1693 1943 553 1981 12 373
1925 522 1963 1 819 1944 603 1982 12 786
1926 582 1964 2479 1945 603 1983 14676

(the first quarter)

.Converted from sterling at the fixed rate of £1 = R2 for the years 1908 to 1966, and at the rate of £1 = Rl,75 for the years 1967 to 1983.
Before 1971, the prices are given per long ton.

ELECTRA MINING 86
Designed to commemorate one-hundred years of min-

ing in Johannesburg, ELECTRA MINING 86 will be the
biggest mining exhibition ever held in Africa.

ELECTRA MINING will take place from 15th to 19th
September, 1986, at the National Exhibition Centre in
Johannesburg. Several international conferences will be
staged alongside the exhibition, including GOLD 100, an
international conference supported by Specialised Exhibi-
tions, The Chamber of Mines of South Africa, the Coun-
cil for Mineral Technology (Mintek), The South African
Institute of Mining and Metallurgy, and The School of
Business Leadership at the University of South Africa.
At this stage, indications are that the areas to be covered

by GOLD 100 will include the supply and demand for
gold, the role of gold in the financial system, the inter-
face between the mining industry and the Government,
and the marketing and promotion of gold.

ELECTRA MINING will occupy more than
27 000 m2, representing six of the new halls at the
National Exhibition Centre, as well as outside areas.

Participation is planned by West Germany, British,
Austrian, and French companies, giving the show a strong
international flavour.

For further information please contact Mr Bill Bishop,
Exhibition Manager, Specialised Exhibitions, telephone
(011) 835-2221.

James Watt Medal
Sir Hugh Ford, FRS, F Eng, President of The Institute

of Metals, has been awarded the James Watt Inter-
national Gold Medal-the premier prize of the Institu-
tion of Mechanical Engineers.

Established in 1936 and awarded every two years, the
Medal is presented to an engineer of any nationality who
combines the talents, which J ames Watt himself possess-
ed, of scientist, inventor, and producer. Recipients of this
prestigious medal are also expected to be engineers who
have achieved international recognition through their

work as mechanical engineers and by the ability with
which they have applied science to the development of
mechanical engineering.

The award honours not only Sir Hugh's outstanding
achievements as a teacher and professor of engineering,
but also his distinguished career in applied mechanics
research, including steel manufacture and processes,
polymer engineering, biomechanics, high-pressure
technology, and fracture mechanics.
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Top safety rating
One of South Africa's youngest gold mines, Deelkraal,

has gained the maximum five-star rating under the In-
ternational Safety Rating system (ISR). This brings to 27
the total number of mines and plants with five stars-
the highest number since the system was introduced by
the Chamber of Mines in 1978.

Deelkraal is the third mine to receive five stars in the
past month. The others are its sister mine in the Gold
Fields group, Kloof, and the Anglo American colliery
Arnot. The Metallurgical Division of Vaal Reefs Gold
Mine, which consists of eight separate plants, also receiv-
ed five stars. This means that there are now 25 mines and
two processing plants with five stars.

Making the presentation at Deelkraal gold mine, the
President of the Chamber of Mines, Mr C.G. Knobbs,
said, 'I don't think there could be a better example of
how the International Safety Rating system has helped
a mine's safety performance. The figures speak for
themselves. Over the period June 1982 to May 1983 your
reportable casualty rate improved by no less than 56 per
cent. It currently stands at 23 per WOO.Your fatality rate
has improved even more dramatically, from over 3 per
WOOin 1982 to 0,25 for the first seven months of this
year'.

Speaking at Vaal Reefs, Mr Knobbs said that one of
the major benefits that the ISR offered was improved
productivity. This had been borne out time and again by
the five-star mines and plants. But the prime objective
of the ISR system was to reduce the number of deaths
and injuries in the industry to an absolute minimum.

'We now have more mines and more plants par-
ticipating in the ISR programme-and more five-star
mines-than ever before. At the same time, the industry's
death and injury rates have continued to fall. Record lows
were achieved in 1984, and I am pleased to be able to
tell you that, in the first six months of this year, the
figures have continued to improve. The industry's overall
fatality rate has dropped to below the tantalizing figure
of 1 per WOO for the first time ever. The figure for
January to June 1985 is 0,84, compared with 1,04 for the
whole of 1984.

'We at the Chamber are convinced, as I know you are
here at Vaal Reefs, that the ISR system has been a major
contributory factor to the reduction in the death and in-
jury rates. We will therefore continue our efforts to
spread usage of the ISR system as widely as possible and
to continue to improve it as we find necessary.'

Surface mining
An international symposium on 'Continuous Surface

Mining' is to be held in Edmonton (Canada) from 29th
September to 1st October, 1986.

The Symposium is designed to bring together those in-
terested in continuous surface mining and related min-
ing equipment. Participation by mine operators, con-
sultants, equipment manufacturers, and scientists from
North and South America, Asia, Australia, western and
eastern Europe, and the U.S.S.R. is expected.

It will be an opportunity for the discussion of mine-
design and planning techniques, operating methods and
practices, mining system performance, equipment design
and maintenance, and potential new developments related
to continuous surface mining.

The Symposium is organized by the Department of
Mineral Engineering at the University of Alberta.

Papers will be presented on the following topics:

Around-the-Pit Systems
- Operating methods and experience
- Planning of operations
- Economics, management, and control of operations

Across-the-Pit Systems
- Operating methods and experience
- Planning of operations
- Performance

Equipment
- Design
- Erection and maintenance
- Selection
- Automation and control

Note: The equipment of prime interest to the Symposium
are bucket wheel excavators, bucket chain excavators,
shiftable belt conveyors and associated equipment, mobile
conveyors, across-the-pit bridges, trippers, and stackers
(spreaders).

Miscellaneous
- Material diggability
- Modelling of operations
- Interface with discontinuous mining systems
- Safety and mine regultions.

Abstracts for proposed papers are required before 1st
January, 1986. They should be no longer than 250 words
and should be submitted to Dr T.S. Golosinski, Depart-
ment of Mineral Engineering, University of Alberta, Ed-
monton, Alberta, Canada T6G 206. Telephone: (403)
432-4671; telex: 037-2979.

Completed manuscripts of approved papers will be re-
quired by 30th June, 1986. The papers will be published
as a bound volume.

Inquiries should be addressed to Dr T.S. Golosinski,
at the address give above.
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