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bearing HMerensky reef of the Bushveld igneous complex,
these extending for miles, dinping for the most pert at
comparatively flat angles end underlying great areas; the
methods employed in the mining of the ore from the flat—
lying and narrow reefs; the high grade nature of the chrome
and manganese beds, the many occurrences of asbestos-
"bearing rocks containing a high percentage of crude or
long fibre; the grest minable widths of the extensive coal
measures and the extent and magnitude of the copper-bearing
synclinal reefs of Northern Rhodesia, One receives a
lasting impression of these outstanding features of the
mineral industry and especially the dependency of the
industry on the native for the successful operation of the

mines.

Br1t1§h South .frica obtained on the Congress Tour and the
brief visit to the principal mlnlng areas may be summarized

The salient features of the mineral industry of

as follOWS‘

l.

2.

4.

The mineral industry is the chief industry of the
Union of South ifrica, of Scuthern Rhodesia, and
will shortly attain the same statuo in ﬂorthern

Rhodesia,

The reserves of diamonds in developed mines are
sufficient to maintain production for & century and
there are many pipes which have not been developed.

The output is dependent on the world's market and the

value of production on keeping control of that merket,

The reserves of gold core are sufficient to maintain
production at epproximately the present rete for the
next ten to twenty years. There should still be as
much gold taken from the reefs of the Rand as
elready produced.

There are immense reserves of platinum in the norite
of the Bushveld Igneous Complex, The production will
be limited to what can be disposed of profltably.
The margin of profit seems to be around $35.00 to

~$4O 00 an ocunce,
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There are very great reserves of iron &nd coal in

. the Union and very large quantities of chrome and
manganese. The raw materisls are all present for the

building up of an iron and steel industry.

There are important deposits of non-metallics, such

as asbestos, mica, fluorspar, corundum, barytes,
phosphate, gypsum, magnesite, dolomite, limestone,
salt, soda, nitrates, building stone, silica sands,
CldJS and talc.’
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7. Although as yet gold X% thé# chief item in the minsral

-~ + production of Southern Rhodesia there are large
reserves of chrome and asbestos which have lately
engbled this country to attain a commanding position
for both these minerals in the world's markets, The
coal reserves of the Northwestern porticn of the
Colony are extensive,

8, There are enormous reserves of copper ore .in Northern
Rhodesia, which will have an important bearing on the
control of the world copper situation in the next
decade, _

9, There are deposits of tin, lead, zinc, nickel, .cobalt,

- molybdenum, tungsten and vanadium in the Union and
the Rhodesias, in quantities sufficient for their
requirements and industrial expansion,

10, The industry owes a great deal to its native popu- -
lation, which makes it possible to mihe the narrow
reefs and to operate to great depths and in tropical
climates,

As a mineral country British South Africa is
indeed in an enviable position,

. Historical: Many of the mines of British
South 4Africa were worked by the ancients hundreds and
perhaps thousands of years ago, Evidence of the ancient
workings are to be found at the coprer, tin and iron
~deposits in the Union; at practically all the gold mines
in Southern Rhodesia and at the lead and copper deposits
in Northern Rhodesia, In fact, Southern Rhodesia seems
to. have been the centre of mining operations of an anokunt
civilization, Ruins cf ancient fortifications are to be
found in many loczlities, the most notable at Zimbabwe.
Relics of crude furnaces, melted and hammered gold and
copper hove been found at and in their viecinity, The
ancient mine workings followed down on rich ore until
water was encountered, Many of the mines have been re-
discovered from the ¢ld workings which are supposed to be:
the King Solomon's Mines of biblical history.

¥hat is now known as the Union of South Africa,
commenced as an agricultural country. In the Rhodesias
mining proceeded or was contemporary with agriculture,
With the discovery of diamonds at Kimberley in 1870, fol-
lowed by the discovery of the Witwatersrand Goldfields in
1884, a period.of transition took place. iThe development

s
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of the dismond end gold fields along with the extensive
coal areas of south eastern Transveal and northwestern
Natal brought in a new era,- in which mining gradually
became the chief industry as it remains todayi The effect
of the rapid mineral develepment on the form and character
of the existing white population was revolutionary., The
‘country became more prosperous and the white populatiqn
increased more rapidly than could ever have occurred with
the slow growth of its agricultural industry. It created
the modern industriel community and built up rcad and '
rail transportation systems. The effect of the -great war,
‘when the country had to rely on its own resources, was to
start an industrial era, when for the first time, -the-
conversion of availesble raw products into manufactured
products was undertaken on & small but important economic

scale,

! Famed as the greatest producer of gold and
diamonds, the Union of South Africa hes far more important
industrial assets in her base metal ores and non-metallics,
gshe has vast resources of high grade iron and manganese
ores; extensive coal areas; the large deposits of lime-
stone, dplomite, magnesite and fluorspar - the raw materials
essential for an iron and steel industry. Within her
boundaries and that of the Rhodesias, the ores of chrome,
nickel, tungsten, molybdenum and vanadium occur in '
quantities sufficient for her own requirements which with
the above resources constitute the raw products for an
alloy steel industry. Likewise there occur in important
quantities the ores of copper, lead, zinc, tin, antimony
and cobalt, which are necessary.for a metal and alloy
industry. On the above reserves, are based the subsidiary
~industries which make for industrial expansion and progress,
While hydro-electric power is lacking the extensive coal
measures are a source of comparatively cheap power., She
is situated advantageously as a manufacturing and distri-

. buting centre not only for the greater portion of Africa,
but to South America, East Indian, and Australasian markets,

‘Mineral Production of the Union: The total
value of the mineral production of the Union to date has
been over $7,000,000,000, The value of the annual
production for 1929 was close to $350,000,000., of which
gold accounts for 66 per cent; diamonds 25 per cent; coal
and its by-products 6 per cent. Copper, asbestos, tin and

’_,éplatinum were next in order given. Frem these figures

it will be seen that gold and diamonds are 91 per cent of
the total production and with coal 97 »er cent, The base
metal production, on which industrial expansion relies
for its raw materials, is still in its infancy.
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Diomcnds: The rapid edvance of the mining

" industry of Scuth Africa ecommenced with the discovery of

the world famous diamond fields -at Kimberley in 1870,
Since that time diamonds having a value of approximately
$1 500, 000,000, have bcen produced. The annual production
is betwecn fcur and five million caorats. The production
is fyrom the volcinic kimberlite pipes in the vicinity of
the Orangc River and its tributaries ond from alluvial.
ground from the crosicn of the upper portions of the pipes.
0f some 180 pipes so far discovered, 25 have beén mined
and the bulk of the production comes from seven. The
“diamofd content of the klmberllte, even in the richest -
pipes is smell, ranging from six corats to thirty-five
carats to the ton equivalent to .from one in four million
to one in seven million., Ximberley blue ground contains
approximately oné groin of diamond per ton or onec part in
fourtcen million., As 2 general rule the diemond content
diminishes wlth depth.

The pipes are generallyoveid in cress-section,
larger near the surface, and vary in size from over a half-
mile across the greatest diameter as at the Premier mine,
Cullinan, near Pretoria, to less than 100 feet across, In
vertical scction they are for the most part steep-sided
vertical funnels, worked to a depth of 5,520 fect at the
Kimberley pipe. Mining is begun on all pipes by the open-
cast method and the rcmoval of the pay-ground to the surface
by overhead bucket haulage and by mechanical truck haulage
through an incline is very similar to the mining of . .
asbestos rock in Quebec. When depths are reached beyond

" which*thls system can be employed, underground mining is

resorted to, The underground system of mlnlng involves
the sinking of two main vertical shafts in the country
rock at a distance of about 1000 feet from the pipe., One
of these shafts is used for hoisting, the other for
ventilation and emergency. From the hoisting shaft main
haulage levels arc driven to the pipe at intervals of 600
feet, On these main haulage levels the pipe is developed
by a rectangular system of main cross-drives. The ground
between is developed by prospect shafts, one usually in the
‘pipe.&nd one in the country rock adjacent to it, From
these shafts working levels are developed 40 feet to 60
feet apart in the blue ground by a rectangular system of

" drives which eventually cuts the ground on each working

level into pillars 20 feet by 20 feet. Ore passes
connect with the main level below, The method of mining
is one of caving and retreating toward the section of the

~-mine-nearest the main haulage shaft,

-

The process of extraction is to reduce the
blue ground to"a size small enough to ensure separation
of the diamond. In some cases the blue ground is spread
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out and allowed to. weuther and d1s11tegrate before con-

centratlon., The stages of concentratlon ure as’ follows'l
“1.. Reduction in gyrutory crusners and rolls to
11 inch size, (

2. Concentratlon in rotary washlng pans, the talllngs
from the cocrse pans being reduced to § inch size -
for concentration in fine pans, This concentratlon

results in the rejection as talllngs of 98 per cent
of the feed. ' : ‘

5,‘.The concentrate representing,about 2 per cent of
the original feed and ranging in size from 11 inches
' to sand is carefully graded into definite sizes and
each size is fed to its ovn pulsator Jlg.

4, The jig concentrate from each jlg is passed over
- its own grease table, the diamonds adhering to the
- grease on the upper six inches of the table, At
. intervals a table is stopped and the grease con- -
taining the diamonds scraped off, The grease is
. melted away from the diamonds in boiling water and -
~the diamonds collected, drled end graded by experts.

' The cost of mlnlng and treatment -is sbout 75

1cents oer ton by the open cast methods at 1arge scale -

operations such as the Premier mine and up to 81, 50" per-~
ton by underground methods in the Klmberley fleld

2 Gold° Of the world's gold production the
Unlon produces 53 per cent of the total, an annual pro+
duction of over $200,000,000, Practically the whole of
this comes from the famous Witwatersrand goldfields, com-
monly spoken of as the "Rand", Osmiridium to the value
of $400,000 annuzlly is recovered as a by-product and
about 1,000,000 .eunces of silver, having an approximate
value of $500 000 is recovered from the gold bullion

produced, The annuel Rand tonnsge of .ore hoisted is over

36,000,000 tons; of ore treated over 30,000, 000 tons and
the recoverable velue per ton is about {6, 60 The average

~working costs are about $4 65 per ton, leaving an operating

profit of $1.95. To date the Rahd has produced gold to

‘the value of over $5,000,000,000, No other gold field has
+ had a like history, The paJable field covers a length of

almost 70 miles, and a depth of 7500 feet vertical
has been reached. Of the production 75 per cent is now
coming from the flat-lying reefs of the eastern section,
where depths are not.so great and greater widths of reef
are mined. This area holds greater promise of maintaining
production for some years, To what deptn mining will be-
carried depends on the assay value of the gold-bearing
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reefs over minable widths; the efficiency of new engineer-
ing devices and the nature of and future financicl burdens
1mposed on the mines by the State.

lhe ore comes from thin sheets of conglomerate,
which although they vary in their gold content cre seo
remarkebly persistent that it has been possible to lay
out the minc development for handling very large tonnages,
There are 25 mines-crushing more than 600,000 tons annually,
five do more than 1,200,000 tons and two over 2,400,000,
These large operatlons have made for large scale 1nvest1ga—
tions into improvements in mining met1ods and with the free
exchange of technical information, the results of such .
investigations are quickly applied to opereation on the Rand
as & whole., ' The co-operation which exists, especially in
the pooling of information, among the large number of
technically trained nen engeged in every phase of mining
activities, 1is responsible to no smell extent for the deep
mining operations so successfully carried out on these
narrow reefs,

: The chlef difficulties enrovnterod in the
mlnlng of the Rand ores are the great rock pressures at
depth, the high temperatures at the working faces, and the
‘hunidity of the atmosphere which is nececssary to contrel
excessive dusting. In most of the mines timber is the
chief support, usecd either green or impregneted with zinc
sulphote as & preservative, It is used as single props
but generally in the form of cribs filled with waste rock,
In the ecast Rand the timber cribs are being replaced by
concrcte discs with a timber capping.,. Waste rock is used
for f£illing and in the flat lying rcefs sznd filling is
being adopted, The sands from the old tailingspilcs are
being delivered underground through bore holes put down
for that purgose. . ~

”he rock temnerature at a depth of 7000 fect
is apnrox1mete1y 96,7° P, The rise in tcmberature is
about le F. for 219 fcet of verticel dcoth £it 8000 feet
it would be 101,20 F, and at 9000 feet, 105,8° ¥, The
ventilating air is delivered -at about 10 degrees below
the rock temperatures and the temperature at the working
" faces 'is about 5 degrees bvelow the rock tempneratures, At
- 7000 feet the maximum temperature reached in the stopes
is approximetely 91.7° F. The ventilating air is
saturated with moisturc as the frce use of water is com-
pulsory for allaying the phthisis producing dust from
mining operations. The necessary high humidity with the
high temperatures ex 1st1ng is the chief difficulty to
deeper mining operations.

The metallurgy of the Rand ores is comparatively
simple in comnarison with some Canadizn ores, It is not
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-neeessary to cerry grinding so far and therc arc no re-

fractory minerals of importance to contend with, The

. ‘ common method of trecatment is coarsc crushing in jaw and

" ) -"gyratory crushers followed by heavy stomps. Finc grind-
ing 'is done in tube mills, coarse ore of a suitcblc size
above five - lnches being uscd as the grlndlnw media,
Amalgamation ‘and blankct concentration arc cmployed in
some mills to recover osmiridium., Sand and slime leach-
ing with cy= nide solution is generally practiced. The

- only mill operating an all slime process is at West

- Springs in the Far Eest Rand but any ncw mllllng plants

w1ll probale be of thls typc.

- Vith the es rception of threc mines, elCCtPlCul
o ‘ ‘power for the Rand is supplied by the Victoria Falls and
1 Transvasl Power Conngny from five gencrating stations:
" ~including the onc ot Witbenk owned by the Elecctricity
a Supply Commission, The total capacity of thesc stations
is about 425,000 h.p. This power is developcd from
steam produced by the use of slock coel from the coal.
mines. The compcny olso sell compressed cir from 13
. compressors, cll of the centrifugal typc, 8 stecm-driven
~and 5 electrically. The total capcacity when compressing
tor112 1lbs. per sq. inch is 416,500 cu, ft. of free air
per nminute, Thec net cost of energy to the.mining groups
- is cbeut 0.8 cents per unit, or XKWH, for electricity and
2.25 cents per thousand Cublc feet of free zir delivered
‘ at an avercge guoge pressure of ﬂbout 106 1bs, per sq. in,

j - " Platinum: The productlon of platinum in 1928
] was 17,800 ozs. valued at $1,200,000, This production was
from the Bushveld igneous complex, vhich Occupics an
elipticcl erea of 280 miles by 150 miles in central
Transvaal, The outside rim of the complex consists of
norites and allied basic rocks and the central portion of
‘granites, granophyres, felsites, basclts and tufts, The
norite is up to 2% miles in thickness, the horizontal
width being five to twelve miles, It dips Pfrom 5¢ to 50°
towards the central p051t10n of the conplex.

o The norite sheet is comnooed of layers, which
"lie one over the other and vary in their composition.
Platinum occurs in the norite associated with chromite in
the Merensky rcef; with magnetic nickel-iron sulphides;
- in dunite deeos1ts and »ipes and in nnny'other WOy Se

The dunite »ipe occurrences cre not so promising. A
~number of these hcve been worked but the grade of the ore
has diminished with depth and some hove -been closed down,
This -accounts for thc decline in platinum production for
1929 as compared to 1928, The chief source at the present
is from the Merensky reef, payable vortions of which have
been explored for mony miles, The total amount of platinum
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netals actually present in the Herensky horizon is very
large, enough to supply the world's neced for an indefinite
period., Much of the reef is tom low grade to be economic.
Great sections, contain, however, an averege of 0.2 to

0,25 ozs, per ton, which is very closc to the margin under
present meriket conditions, Unless high-grode ore is
discovered the futurc of the platinum industiry in South
Africa depends largely on price control zbove 835, an ounce,

The reef is about 5 fcet wide but the payable
portion is only from 12 inches to 18 inches of the footwall,
including 2 narrow band of chromite, lying close to the foot~
wall, with which the platinum arsenidcs ond sulp-arsenides
- are associated. The ore at present bcing mined is from the
upper or oxidized portion of the reef, and averages about
0.4 oz. per ton. The method of mining the narrow widths of
commercial orec is ingenious and novel, The reef is «pened
up by & serics of winzes spaced 300 fect apart and sunk so
‘thet half the height is in the footwall, Drifts. four fcet
wide at fiftcen fcet intervels are driven from the winzes
along the strike and are the houlagec ways for thc broken
ore, Pilllars six feet wide are left supporting the winzes,
The reswing metihod of stoping is used wvhereby the enriched
12 inches to 18 inches of the footwall nortion of the reef
is first excavated and the footwall swept clean after which
a portion of the hanging is brought down to make the fill
for the support of the roof, Pneumatic picks arc used for
" stoping operations, :

For the recovery of the platinum minerals
gravity concentration and flotation methods are used, ZFor
gravity concentration on tablcs very close classification
is necessary. The slimes are concentrated on planket tables.
The primary concentrote is collected, classified and re-
dressed on sand and slimc tables, On the oxidized ore
about 50 per cent recovery is mede, By further concentra-
tion by flotation methods the recovery can be increased to
60 per cent., On the unoxidized ore of the lovier portions
of the reef reccoveries of 80 per cent to 85 per cent can
be obtained.
Chrome: High-grade chrome ore at the rete of
60,000 tons pcr ycar, having a value of $450,000 is being-
produced from a lower chrome band to that of the platinum
in the norite of the Bushveld igneous conplex. The
largest and richest deposits are in the Lydenburg district
but there are clso important deposits in the Rustenburg
district, - The chromite seams which can be traced for
miles range from one inch to fourteen fmet in thickness.
The orc which is shipped through the Port of Lorenzo
Marques, is of lower grade than the Rhedesian chrome and
higher in iron oxid&s, It has an averzge composition of

MS 46




10,

43 per cent chronmic oxide and 28.5 per cent iron oxide.
The principal mines are operated by thc Chrome Corporatlon,

(South Africa) Limited.

Besides platlnum and chrome, occurrences of

'“nlckel—copper sulphides are known and being ccylorcd in

thc norite of the Bushveld igneous complex, This large
mass of norite holds promisc of enclosing cxten51ve de-

posits of economic minerals,

‘Both lead ond zinc ores hove been mined in the

- Prensvaal but no production is recorded for 1929,

_ Tin: The important.economic occurrences of
cassiterite in the Union are associated with the rocks of
the central portion of the Bushveld igneous complex such
as the granitcs, granophyres, felsites and quertzites,
The chief deposits ecre zdjacent to the main line of the-

- South gifrican Reilweys from Pretoria to Pietcrsburg and
,occur as fTollQws:.

1, In plpe deposits of altered red granluc at the
Zaaiplaets and Grocnfontcln mines,

2. In pipe and rcplacement d39051ts of altered coarse
-red granite or granophyre at the Mutuc Fidecs and
Stavoren mines,

3, In lode de?051ts in .the scdlmcntch qucrt21tcs at
the R001bcrg and Leeuwpoort mines,

In the flrst two types of de)osits, the

,'ca551tcr1te is coarsely crystalline ond comnparatively free
from impurities so that exceptlongllj high grade concen-
‘trate from 70 per cent to 75 per cent metallic tin can be

produced from the ore which averages 1,25 to 3 per cent
tin, ~In the quartzite deposits where the average grede
is from 1 to 1,5 per cent tin, the cassiterite is more
finely crystalllne, and is associated with considerable
pyrite, chalcopyrite, magnetite and nematlte, making
concentration more difficult, The recovery is not over
65 per cent, the grade being 65 per cent metallic tin,

Crushing is done in jaw crushers and Cali-

fornia stamp batteries or Huntington mills, The pulp is

carefully sized and cleassified and the cassiterite
concentrated in jigs, on tables and Fruvanners, The con-
centrates are calcined to remove sulphur end re-dressed
in jigs, on tebles, and in buddles, At the Leeuwport

~concentrstor treating the more difficult guartzite ore,

flotation is used to remove pyrite and chalecopyrite and

' the cassiterite concentrates arc roasted to convert pyrite

to mognetic oxide ond the iron smxides removed by moagnetic
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concentration, The annucl production for the last five
yeors hos been obout 2000 tons of concentrates of cn
averoge grede of 67 per cent metcllic tin heving o velue
of about $1,500,000, The v;lue of thc total productlon
to date 1s approx1mgtely %35, 000,000,

Molybdenitc is cssocicted with thc rocks of
the ccntrel porticn of the Bushveld igheous complex but
no production is recorded,

Copper: Occurrences of copper in the Union
are confined to two locclities, namely, Nemagualond --
the northwest corner of Cape Province -- ond at lessina .
in Northern Tronsveal, It was the first metal which drew
the attention of the Europecns after the Dutch had
established themsclves et the Cope. The first production
from Namaqualand was in 1852, which was appcrently the |
first metal mining done by the Europeaons in South [frica
The total recorded production fron thce Nemagualend fleld,
where 2 dozen mines contributed to the copncr ‘outnput (of
which the most importent was those of Ol'okiep end
Nababeep belonging to.the Cape Copper Compony, and Twee-

- fontein, owned by the Namaqua €oppcr Company) hod a value
of about $100,000,000, Both compcnies maintained smelters,
in'which the ore was reduced to a 50 .pcr cent mctte, The
matte was shipped over a railway line to Port Nolloth and
thence to Englend for refining, Interest is ugeln belng
taken in the p0331b111t1es of this field,

At Mesclng, in Northern Transveal, the copper
lenses oceur in a breccieted band frem 500 feet to 1000
‘feet in width extending for some fifteen miles in the
ancient gneiss cnd granitic rocks. The copper minerals
are chalcopyrite, chalcocite and bornite. The Messina

: (Transvaul Development Company, Limited, operctes the
mines, a 1000~-ton concentrator, a smelter and refinery,

. and ship copper ingots containing 99.8 to 99,9 per cent

.-copper to European markets chiefly through the Port of

. Lorenzo Marques. The ore as mined ccntains cbout 3 per
“cent copper. By sorting the.grade is recised to 3,8 per
cent, - It is concentrated on jigs and tables and by .

- flotation to over 40 per cent copper. The concentrates
are smelted in a reverberatory furnace to a 65 per cent
copper matte, which is converted in a statlonary converter
to blister copper, ond refined into ingots of high purity.
The output of the mines to date has been over 2,400,000
tons of ore, or 75,000 tons of copper, The velue of the

- total recorded productlon of copper in the Union is abcut
$135,000, 000, the annuul production for the last number of
,yeare_belng abcut $3, 000,000,

Iron: There are large deposits of iron ore
in the Union., Estimates of the probable ore reserves are
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‘as follows-‘

}ngh grude of over 60 '
péer cent iron gnd from , S
1 to 5 per cent silica- - 120,000,000 tons:
‘Medlum grade between 40

and 60 per cent iron and - - o ' o o
from 5 to 25 per cent 3111cg - 6,000,000,000 tons

,,fTitahiférfdus ore coritein-
. ing 40 to 50 per cent iron
and from 10 to 20 per cent

'tltanlc oxlde 2 000, 000, OOO tons

, The deposits of hlgh grude ore, similar to the
L&ke Superlor type, cre situated in the Rustenburg area of
' the. Transvasl, 120 miles from Pretoria, where the Union
" Government have decided to establish an iron and steel
industry. ‘The ore is high grade hematite of great purity
and.of Bessemer grcde, Replacement deposits.of high ‘grade
.hematite occur in the brecciated banded ircnstones in the
Postmasburg grca, west of Kimberley.f C

. "The extensmve sedlmentqry dep081ts of medium
'fgrade ore, occur in the Pretoria series, outcropping near
Pretoria and in the Karoo system in northern Naotal, In the
Pretoria series a bed of oolitic ironstone from 5 feet to
.27 feet cen be traced for hundreds of miles, This remark-
able bed is ® magnetic quartzite deposit containing on the
average 48 per cent iron and 20 per cent silica. A narrow
persistent bed of cloyband ironstone of an average thickness
of twenty inches is situated 160 feet to 180 feet above the
magnetic quartzite and consists of magnetite-chamosite-
siderite-oolite conteining over 50 per cenj iron and less
than ‘8 per cent s111c : S

S ' In the Karoo system of northern Natal, in the
dlstrlcts of Dundee and Newcastle, a deposit of stratifled
iron ore occurs ‘underlying the cocl measures, the horizon
being 150 feet to 250 feet below the main coal" seams,.. ‘The
principsl outlier is the Prestwick dep031t which supplies at
. .present the are for the one primary iron producer, the .

Union Steel Corporation at Newcastle, Small outliers of
'~ the Dundee-Newcastle deposit are valuable fluxing material
~_for "the high siliceous ores on account of the high proper-
tion of lime and carbonéceous: matter, These outllers of
dolomitic ironstone contain 25 per cent 1ron, 32 per cent
11me and, £i.5 per cent insoluble. :

The titaniferous dep051ts which are probably

.the greatest deposits of their kind in the world, are of
igneous origin, and are confined mainly to the Bushveld
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igneous complex, They contain small amounts of vanadium,
While they are of no great importance ot present on account
of the smelting difficulties, once a satlsfactory solution
is obtained they.represent an‘enormous iron ore rcserve,

The ynion Steel Corporatlon at Newcastle, Natal,
has one small stock producing foundry iron and basic pig
iron for their steel works at Vereeniging, Transvaal, There
are three other secondery producers esteblished in the
vicinity of..the Rand goldfields using meinly scrap steel.
The total productlon’of'the four secondary producers of
iron and steel products is 45,000 tons of rolling nlll
products and castings a year._

Manganese One of the most interesting dis-
coveries in rccent years in the Union hes been the manganese
deposits near Postmasburg, in the Gamagara hills about
one hundred miles west-north-west of Kimberley. The de-
‘posits cre extensive, outcropping along the crest of the
hills for a distence of 40 miles, Where they have been
exposed the orc occurs as a ldyer or shect from 5 feet to
. 20 feet in thickness and contains a manganese content of
from 45 to 60 per cent with an average of cbout 50 per
cent. . It is not only hlgh in manganese content but low in
deleterious.elements, such as phosphorous, sulphur and
silica, Owing to its hardness it is able to stand shipment
without the productlon of mach fines. The deposits are
probably the lergest in the world and zre controlled to a
large extent by the Manganese Corporation (1929) Limited.
-The railway hos been extended west from Kimberley to
facilitate the transport of the ore to the world's markets,
A large crushing and sorting plant has been built to re-
duce the ore to 5-inch size for ease of handling and sort
out waste to ensure consistent quality and a loading plant
is being ereécted at Durban with a storage capacity of
50,000 tons. It is further proposed to build smelting
works at Colenso for the manufacture of ferro-manganese
and other ferro-alloys, where the Electricity Supply Com-
mission have one of their larger power stations, Pro-
vision is made for the mining of over 2000 tons of ore
daily so that the Union is very likely to become an
important producer of manganese,

Coal: The coal resources of the Union are
enormous. The southern Transveal, the Orange rree State
and northern Natal are underlain by extensive coal
measures. The chief deposits are in the .Ecca series of
the Karoo system, The proven tonnage is z2bout
9,000,000,000, The Niatal seams are from 4 to 5 feet
thick and the Transvazl seams up to 25 feet, = There are
some 70 operating ccllieries in the Union, 31 in the
Transvazl, 32 in Natal, ‘5 in Cape Province cnd 2 in the
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‘Orange Free State. The anmual ‘production is about’

13,500,000 tons having & value of $18,000,000 or $1.35 "

N per ton. The total. volue of the oroductlon to date 'is’

approximately $400,000,000, Besides supplylng her own'
requirements, o con31deruble tonnege is exported through
the port of Durban, from 24 collieries, mostly in northern

Natal..

The Transvaal coal is cla331f10d as’ bltumlnous,
pr1nc1pally non~-coking, has a calorific value-of about 13
and is of the. following composition: ash - 12 to- 18 per cent;

‘volatile matter - 25 to 28 per cent; fixed carbon - 55 to

60 per cent; and sulphur - less than 1 per cent, - Blended
with Natal. COal in the proportion of one to one, a good

}:metallurglcel coke cen be made’ from Tra nsvaal coal.

: .. The Natal coal is classiTied as scn;-oltum—
1nous, hos a calorific value of 14.25 and of the following
composition: ash - 8 to 10 per. cent; volatile matter = 18
to 20 per cent; fixed carbon - 70 per cent, and sulphur -

1 to 1.5 per cent. Good nmetallurgical coxe cen be produced

from many of the scams. The production of coke from dross

- coal after washing from six collieries in Natal is 138,000
tons of the following average analysis: Fixed carbon -
. 86.25 pcr cent; ash - 11.35 to 12.25 per cent; sulnhur -

0.75 to 1 per cent. The one by-product colzing plant at

- Waschbank,. Natal which supplies the mectallurgiczl coke for

the Union Steel Corporztion at Newcastle produces tar,-
creosote, napthalene, benzol, and ammonium sulphate, As
in most countries whcre therc are extensive coal resources,

' too many mines cre operating for the available markets,:
,consequeﬁtly the coal industry is having a most dlfflcult

time in nalntalnln" itself,

. " Asbestos: In recent ycars South Africa has
conc forward as .2 producer of-asbestos. Five varieties

. occur .in the Union, namely, chrysotile, cr001dollte,

amosite, tremolite and asbestic. Only the first three
are of importance, In 1928, the production was 12,162
tons of chrysotile having a "value of $1,046,400; 5 143
tons of crocidolite having a value of $560, 200 cnd 6,749
tons of amosite having a velue of 3336, 200, moking a
total production of 24,084 tons with a vﬁlue of :

- 41,945,800,

The principal occurrences of the chrysotile
variety are in cestcrn Trensvaal, Swaziland, and Natal
where there arc cxtensive arcas undorlaln by ucrocntlnlzcd
basic rocks, similar to thosc in which the chrysotlle of
the New Amianthus Kalkkloof and Havelock mincs is found.
The principal occurrcncesof crocidolite or 'Cape blue',,
asbestos are in Grigqualand West near Pricsha on the Orange
River, Cape Province; and of thec amositc or 'Cape white!
asbestos in the Lydenburg district of the Transvaal where
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thc amosite veins lic in banded ironstono of the Prctoria
scrics.

At thc Neow Amlanthus ninc, whlch is controlled
by tho firm of Turner Brothers, Asbestos, Limited, the
fibre-becaring scrpentine has an average width of 7 feet

end cxtends clong the strike for 2000 fect., About 100 -
tons of rock arc being mined deily, containing sbout 17
per cent of which § per cent is long fibre, or No. 1
crude. The scparation of thé fibre from the rock is very
31milar to Canadien practlce.

Other Non—netallics- The richest ond most
extensive corundum fields in the world rrc in nerthern
‘Transvaal, Important deposits of boril¥ cccur in Cape
Province, The Union has become an important producer of
fluorspar, Mica of excellent quality occurs in the
Pietersburg district of Transveal, smell tonnages being
produced., Large depositg of rock phesphate, gypsum,
magnesite, dolomite, and limestone also occur., The salt
pans erc.workced for their salt and sode contents.
Nitrates occur but therc is no production, Building
stone such as granite, syenite, norite, dolerite, diabase,
limestonc, dolomite, marble, sendstone ond slate occur
in abundance, Silica sands, suitable for ordinary glass-
ware, and moulding sands, elays for ordinary brick and
tile purposcs; kaolin for pottery; fireclays for
refractory bricks; and talc for various uscs, including
engineer's chalk, hcat and electric insulators, filler
for paper and rubbver, toilet powder, etc., are all
produced ‘within the Union,

Southern Rhodesia: The history of the mineral
industry of Southern Rhodesia may be divided into five
periods, ncmely:

The work 1ng of the gold, copper and iron
mines by the. ancicnts may be described cs the first
period., The supposition is that Southern Rhodesia was
the Ophir of the Bible., Estimates by competent mining
engineers of the amount of g6ld extractcd by the ancients
‘vary but an aversge estimate is $300,000,000,

The working by the natives of alluvial gold
and primitive gquartz mining, as found by the Portuguese
and existing up to 1890, may be taken as thc second
period., The extont to which the country had been pros-
pected and the mincs worked by some unidentified race is
evident from the fact that the majority of the mines,
which Have been worked since 1890, have been located on
0ld workings,
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AR .. The third or first European pcriod, from
1890 to 1904, was a period of company promotion, The
mining laws provided for mines to be worked only by

- companies, thc British South Africa Company to reccive
30 per cent of the scrip as proprictors of the mining
rights, The extravagant hopes of the promoters that un-
limited wealth was to be Tound .in the re-discovered land

of Phier was.not realized.. :

L . The fourth or second European period from 1904
to about 1923, was thc period of the small worker., The

3y , British South Africe Company permitted individuals and

E .~ smell syndicates rather than large compenics to work the

B gold mines for profit with small stamp bettceries. In 1904
it there were twenty smell workers. At the end of 1923 over
! . 400 small mines were being worked in this manner, -

| o+ .. The fifth or third Buropcan périod, from 1923
: to the present, was one of company consolidation of a
number ‘'of gold mines, ond company operation of the coal )
.measures, .the chrome, asbestos and mica deposits and was
the commencement of a new era of mining development in
~-Southern Rhodesia, ' : - ‘ :

SETRE - Mineral Production: The value of the average
-annual mineral production of Southern Rhodesia for the
last fifteen years has been about $24,000,000, While the
gold -production has boen declining slightly, the decrease
has been made up by the increased production of other
minerals, of recent years, asbestos and chrome., The value
o B of the total recorded production to date is little short

: of $500,000,000, Gold has accounted for over $350, 000,000,
' It is still the chief item in the mineral production,

] : asbestos is second, amounting to 50 per cent of the gold
production, being almest $6,000,000 in 1929. Chrome is
third; coal, fourth; mica, fifth; and copper, sixth, Then
comes silver, tungsten, iron, tin, diamonds, "arsenic, ‘
barytes and coyundum, in order of production., -

- “ . -Gold: There are nine gold mines producing
.over 10,000 ounces annuelly, reprcsenting 73.5 per cent
of the total gold production, There ere-nany smaller.-mines
producing less then 10,000 ounces, mostly worked by
" individuals with small capital, The gold occurs in a
variety of lode formetions, associcted with iron pyrites
and galena, or with arsenopyrite znd stibnite, or copper
pyrites, in schistose rocks which are older than the a
great granite masses intrusive in the schists and which
are widely distributed over the country, The usucl milling
practice ‘is crushing with gravity stamps, emalgamation, in
- certain cases regrinding in pans or tube mills, concentration
~on tables and blankets, and cyanide treatment of the tail-
ings and slimes., ‘
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' Asbestos: The growth of the asbestos and
chromec industry has becn phenomenal. In terms of the
world's output of asbestos, Rhodesia is sccond (Canada
being first}. She is already -the lergest producer of
crude fibre, In a few ycars she will be the lecading pro-
ducer in ¢ll classcs of fibre combined, Largc areas,
which a few years ogo wecre considered unpoyoble are being
taken up and developed and likely to becone valuable
propertics, The 1929 production Was almost 43,000 tons
of fibre, having a vealue close to ! 36,000,000, The chief
produc1ng arcas arc in the Bulawayo nlnlng district, in-
cluding such propcrties as Shabani, a2nd Hil Dbsperadum in
the Bellngwe area, and the Pangona mine in the Filabusi
area; in the Victoria mining district, including such mines
as the Gath and Xing in the Mashaba area; and in the
Lomagundi district, Thc asbestos is &1l of the chrysotile
variety and occurs in intrusions of dunite, zltered to
serpentine end talc-schist, and in the great Dylke of norite,
The chief producing mines ure controllecd by thc firm of
' Turner Brothers Asbestos, leited.

Two methods of nining are employed, nanely,
quurrylng, in which the broken rock is first cobbed for
crude’ fibre, and then delivered through &n ore pass to a
level below cnd is trammed or haulecd to the mill through
-adits or up inclined shafts: The second metiiod is
-shrinkage stoping, by which hand picking and cobbing of the
crude fibre has to bc done et the mill, The milling
nethods for the recovery of the fibre froxm the csbestos-
bearing rock and the preparction of the crudc and other
grades for shipment ore vcry similar to the Cancdian
- practice,

: Chrone Southbrn Rhodesia is the world's
largest producer of chrome ore and is 1il ely to remain so
for nany years to come. In 1929 thc production was close
to 300,000 tons, no less than 65 per cent of the total
World's output, having a velue of 353,350,000, Her chrome
ore is in -demond, being high grade, e981lyvreaching the
standard requirement of 48 per ccnt Cr205.

The- chlef occurrences at prescnt are et
Selukwo, Mashaba and & number of points along the great
Dyke, The Selukwe deposits.arc the most important, pro-
ducing over helf of the annual outpurt, °1though the
higher chrome content of the numerous cccurrcnces along
the grest Dyke #¥ is Dbringing these into .proninence.

At Seluizwe the chrome occurs in large irregulor
lenses in talc schist and serpentine, derived from the
alteration of the dunite intrusions., The chrome lenses are
quarried but recently underground methods have been .7
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introduced, The ore for the most part is hord and lumpy, -
averages around 50 per cent Cr203 and is shippcd as mincd,
In onc quarry where the ore'is rlchcr, it is more friable
and bccomes nixed with dirt., It is put through a

Hardinge mill, and passed over: shuklng tebles from Whlch
o very high grudc product is obtained.

The Grect Dyke degos1ts are narrow scams .of
chromite in the norite up to thirty inches in thickness,
the average being seven and one-half inches., The seams

‘dip inward from the margins of the Dyke at angles from

10° to 450, The chromite seams are soft and crumbly but
are of hlghcr grade than the Selukwe chrome, contzining
50 to 52 per cent Cr20 The scams are worked from the
surface by the open—cast stoping to o depth of ten feet
when underground resuing methods have to be resorted to
fronm 1nc11nes. Denths of 150 feet have been reached and

“this method'of uﬁdcrground mining has proven that the narrow

chromite 'secams can be profitably worked even under existing
transportatlon difficulties. The southcrn Rhodesia chrome
ore is shipped to world markets through the port of Belra

in Portuguese East Afrlca.

, Coal: - The northern and southern portlons of
‘Southern. Rhodesia, the basins of the Zombezi and Limpopo
rivers, are underlain by extensive coal mecasures, In the
Wankie collieries there are large reserves of high grade

"bituminous coal,  suitable for coking purposes. Lack of
“railway fa0111t1es meke it impossible to opcrate the

lepopo coalflelds.

The Wankie colllerles supply coal to the )
railways as far south as Mafeking and as far north as the
Belgian Congo, The coke and coal is used in the nining
fields of northern Rhodesia and the Belgian Congo. - The
production will rapidly increocse as the large copper
deposits are brought into production, The Wankie col-
lieries are éequipped for a production of 10,000 tons of -
coal per day, Last year the produaction was 1,143,000
‘tons having a value of $2,550,000, At the No. l.k»
colliery the thchness of the seam being mined varies fron
6 to 15 feet, all workable, while at No. 2. colliery, the
average thickness is 30 feet, 20 feet of the footwall

"portion being mined, The gencral methoed of working is by

the pillar and stall system, In No. 1 colliery about 56
per cent of the coal is extracted and in No. 2 about 37
per cent. Screening plants are maintained at both col-
lieries for the grading of the coal and washing plants for
the elimination of impurities from the fines, Coke is
manufactured in 180 retort ovens of the Coppec pattern and
‘a battery of 49 Bechive ovens are held for emergency. - The
company also operate a brick plant for the manufacture of
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machine-nadec rcd bricks for gencral purposes cnd ar fire-
brick plent from which the famous Wankie firebricks are
manufactured for their coke ovens, thc smelting plants

in Northern Rhodesia and the Belgion Congo and for other
purposes, The firecloy is from a bed 80 feet thick lying
above the coal measures at the basc of thc upper shales
end outcrops about five nlles fronm Junkle.

The company owns 400 square ﬂlles of the coal
measures of which 30 square miles -have been definitely
proven by bereholes, Taking the average minable width as
12 fect which is much below the thiclmess proven by the

. ¢ Doreholes, the proven reserves cre 300,000,000 tons., The

coal seams are contained in a bed of shale about 80 feet
thick and vary in number and thickness, The main or
lowest seam, which is the one being mined, varies from a
nininum of 6.5 fcet to 38 feet in thickness, The feature
of this scam is its high quality and calorific value. ‘

The avcrage analysis of the Wankie coal is as

follows:
Fixed moisture . 0,76 per cent
Volatiles o 23,77 " "
Fixed Cerbon ' 65,70 " "
Ash : 9,77 "
Evaporative power ' 13.89 1lbs,

Calorific velue 7,459 calories or
: 15 426 B.T.A.

Other Minerals: Mica in peyable quantities
and of excellent grade is mined in two areas in Southern
Rhodesia, the Miami area in the northern part and the
Rusembo area in the northeastern part. The value of the
production for last year was $400,000, for obout 200 tons.,
Copper occurs in several localities, Silver is produced
from the gold bullion and tungsten is also a by-product of
the gold mines., ' Iron of good quelity occurs in many parts
of the country, the only production in recent years being
as a T'lux for the copper smelters, Tin is worked on a small
scale, Diamonds end other precious stones are found in
the glluvial deposits near Gwelo. Arsenic is prcduced as
a by—product of the arsenical. gold mincs and is mainly -
used as a constituent of cattle dips, Barite is produced
in the Gwelo district, There are 1grge denosits of -
corundum, the difficulty being in marketing this mineral,
Nickel and platinum occur in the Grect Norite dyke, which
is a unique body of igneous rock over 330 niles in length

.and a maximum width of 6 miles which traverses the country
" in a north-north-easterly direction, It is one of the
chief occurrences of the chrome ore. The asbestos and other
chrome occurrences ere reasonably clese to its margins,
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‘ florthern Rhodesic; Mineral Production: The
value of the mineral production of the Crown Colony of
Northern Rhodesia up to the present is about $30,000,000,
The chief production has been lead from the Rhodesian
Broken Hill: Mines; copper from the Bwana M'Kubwa and

. Kansanshi mines; zinc and vanedium from the Rhodesian
Broken Hill Mines; and gold and silver from a number of

small gold mincs. There havebeen produced alsc small
amounts of aice, manganese, iron and bismuth,

' The value of the leead 3roduct10n has been
over $15 OOO 000; copper, 57}500 OOO zine, QSJSOO 000;
vanadlum, 1 000, 000; gold, 3500, OOO- silver, 3250, OOO
with.mieca, ﬂangqnese, iron and blsnuth contributing to

the balance.

Lead, Zinc, Vanadiom: The lead, zinc,
vanadium depcsits at Broken Hill were discovered in 1902,
Mining and smelting cperations werc commenced in 1906 on
the arrival of the railway but were shortly cfterwards
suspended, . During the Great War the lead smelter was
built., The mines are operated by thc Rhodesian Broken
Hill Development Company, Limited, and huve been the
chief scurce of the nineral production. The deposits
are replacements in dolomite and are conspicuous, being
expaosed as kopjes or small hills in the otherwise flat
lying country., Some six of these kopjes have been worked.
No. 1, the largest, was the specimen nine of the world.
When the upper portions were being removed, large open
fissures and cecves, lined with beautiful crystals of
pyromorphite and cerussite were disclosed, Gooed specinens
of descloigite and vanadinite were common and the rare
zinc phosphate minerals, tarbuttite, hopetite and
parahopeite could be obtained, It was in one of these
pre-historic caves that the skull of 'Homo rhodesiensis'
was found along with numerous animal renains,

~ The ore occurs as a central core of massive
sulphldes of zincblende and galena around which is an
oxidized shell consisting of zinc silicates, iron oxides,
quartz, zinc and lead carbcnetes and vanadium minerals,
The first operations were the mining of the rich sulphide

~ores from the central portion of the ore ‘bodies, by open-

cast methods, leaving the oxidized ore in place, It is
only within the last three years that the treatment of the
oxidized zinc silicate ores has been possible by the

-erection of a specielly designed electrolytic zinc plant

with a capacity of ebout fifty tons a day and a new

. hydro-electric power plant at Mulungushl Falls about 35

miles distant where 12,500 h.p. is developed, The lead
smelters which produced over 115,000 tons of pig lead
-have been closed down the efforts of the Compank for therf
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present becing directed to the recovery of zinc and
vanadium from the oxidized .ores. Thc ore rcscrves are
stated to be cbouy 1,000,000 tons aversging 30 per cent
zinc, 8 per cecnt lead and 0,9 per cent vanadium oxide.

Copper: The presence of copper in the
Belgian Congo and Northern Rhodesia was ¥mown to the early
Portuguese traders, 1In 1899 the Kunsanshl copper mine,
about 230 miles northwest of Bwana M'Kubwa and zbout 150
miles northwest of N'Changa, was locatcd by George'Grey,
who also explored thc Katenga and loccted the lerge
deposits now opcraoted by Union Miniere du Haut Katanga,
To him belongs much of the credit for the pionecr
ninerel exploration in this portion of Africa., The
Kansanshl nine is at present being developed by the
Rhodesia-Katange Company, Linited. Herc the copper ore
occurs in lodc formations cutting through the schist beds,
and carrics values in gold and silvcr. Thc schist beds
in thc mine crea arc pyritic and in placcs contein suf-
ficicnt cepper to form important orec bodics, Between
1908 and 1914 the minc produccd 3,250 tons of coppcr,
from high gradc ore avecraging 18 per cent copper, which
was smneclted in a small blast furnace using charcoal for
fuel,

The Bwena M'Kubwa mine was locsted by W. C.
Collier in 1902, About thc samec tinc he locatced what is
now known as the Roen Antelope mine, When thc Bwana
M'Kubwa mine was discovercd, the richest portion of the
deposit wes pitted with ancient excavations, Thc mine
was worked intcramittently until 1922 when it was taken
over by the present company, Thc Bwana M'Kubwa Copper
Mining Company, Limited. 1In thc opcn pit, which is about
2000 feet long, there are two distinct ore-bodies, the
footwall ore body of 50 - 100 fect in thickness and the
hanging wall ore-bedy of 25 - 50 feet wide, The chief
copper minerals are malachite and chrysocclla., The
oxidization goes to water level which is about 270 feet
from the surface and the prescnt plan is to continue the
open cut to this depth, using stcamshovels. The ore
contains an average of 3 to 4 per cent copper cnd the
treatncnt plant is designed for 1000 tons per day.

The process of extraction of the copper
values is by leaching with ammonia, Briefly the ore
is erushed in gyretory end disc crushers and rolls, and
classified into sands and slimes, The copper is extracted
from the sands by downward percolation in lcaching tanks
and from the slimes in Merrill presses by forcing strong
ammonia solution through the charge, a wash being used
to displace the strong solution in each case., The rich
leach solution is evaporated, copper is preccipitated as
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copper oxide ond the distillate of ammonia and carbon
dioxide is condenscd and rcturncd to the leaching plant
circuit, The copper oxide is dricd, mixcd with tar, charged
to a rcverberatory furnace, ;smelted, and later refined,

the copper ingots averaging 99.9 per cent copper.

= It is on the discovery, cxploration and
developrcnt of the very extensive copper deposits, . nalnly
in the M'Kana Concession, bordering the nineral province
of Katangc of the Belgian Congo, that world-wide interest
has becn focussed for the last few years. Thesc deposits
are of grecat length and are persistent cs to width and

gradc of ore, For the nost part they arc huge synclinal

deposits in the sedimcnts, cxtending for miles in the
dircction of thec axis of the syncline,  In many cases
both linbs of the synclinc contain commercial orc. Unr
like the oxidized deposits of the Beclgian Congo and .
Bwana M'Kubwa, wherce the large orc bodics of copper car-
bonate and silicote ores stand out prominently cs kopjes
above the surrounding country, there is little evidence

of rich mineralizetion to be found on thc surface, as the

country is lcvel, and covered with a2 soil blanket with but
few outcrops, The danbos or lack of vegetation on the
outcrops lecd to the discovery of .scvcral of the deposits,
However, 1t was only by working cut the gecology in deteil,
and thus supplencnting the data obtaincd from the outcrops,
that locations for drilling cxploration were determined
and the decposits preved up to their present dimensions.
Sone five of these deposits arc in course of deveélopment:
Roan Anteclope and its wcstcrlg extensions known as
Muliashi and Baluba; N'Kana; Chambezi; Mufulira and
N'Changea with its wecsterly cxtension into the Rhodesian
Border Concessions. Other smaller propertics arc also

. being explored. Thc erca in which these deposits occur

constitutcs the most important individual copper district
in thc world,

The chief chargcterlstlcs of the ‘ore beds as
detcrmlned from the corecs of very extensive drilling
operations arc the uniformity of the mineralization,
their fairly regular widths, and their extension for
great horizontal distances. At the Roan iAntclope mine
both limbs are commercial ore of a 3.3 per cent copper
grade, of an average width of from 20 to 30 fcet and
extending from the nose of the syncline for 16,000 feet

. on the south 1limb and 12,000 feet on the north limb, A

further 22,000 fcet of the south 1limb has been drilled,
a nunber of widely spaced holes showing similear con-
tinuity of orc values ond widths, The extension of the

‘north 1limb known as the Baluba deposit is of a similar

grade ond thickness for about 5,000 feet. At N'Kana,
three ore bodies in the same bed hcve been explored on
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the ecstern 1limb of the N'Kene syncline, the lsrgest

or middlc denosit ccllcd the North orc body is cbout

8,000 feet long with o width of zbout 30 fcct, has becen
drilled to a depth of 2500 feet znd avcreges 4.3 per cent
coppcr. The south orc body is obout 6500 fect long and
about 20 fect wide and overcges 2.8 per cceat cooper,

Two milcs north of the North ore body the Mindola ore body
has a proved length of 12,000 feet, on everege width of

14 feet, cond assays 3.7 per ccent copper. The Chambezi
deposit has been drilled for 1000 fect in depth, is known
to extend for 5,000 fcet and avercges 3 per cent copper.
‘At the Mufulira Mine, the west limb of the HMufulira

- syncline has. been explored for 6,000 fcet ond to 2 depth
of 1,500 fcct and the orc bed traced for o further length
of 6,000 fcet to the northwest., The deposit is scomewhat
different from thc othcrs, in that, at its south-ccsterly
end there zre three distinct ore beds, sepcratcd by 25
Teet end 45 fect of barren rock.,. The bcds huve 2 total
width of gbout 70 fect and nerge towards thc northwest,
forming a single ore body of evcn grectcr width, The orc
averages -2bout 4,7 per cent copper. 4t the N'Changa nine,
thirce ore bodies have been cxplored, The orc on the north
limb called the River Lode is known to be 70 feet wide
for 1,000 fect in lenfth. The two on the south limb are
called the Dambo and the New Discovery lodes, The Dambo

- lode is knowvn to have a width of 50 feet for 2500 feet,
and the New Discovery to have a width of 85 feet for over
7000 feet., Thc denosits have becn drilled to o depth of
900 feet, ond the orc averages ebove 4 per cent copper.
The New Discovery lode extends into the ground of the
Rhodesizon Congo Border Concessions, where it has. been
traced for a length of over 7000 feet with an average
width of about 100 feet, and contains from 5 to 8 per cent
copper.. A new discovery héas also been made at Chingola,
two miles to the southwest., Drilling and other explora-
tory work 'is proccecding, adding to the knovn lengths of
these extensive ore beds,

- The actual ore blocked out by underground
~development is smell, compared to the estimoted tonneoge
calculated from drilling results, ©Some of the latest
estimates place this calculated tonnage st approximately
2 half billion tons of four per cent copper ore, an
enormous reserve of copper, sufficient to meet the ‘world's
requirements at the present rate of consumption for 10
years, It is to be expected that thesc figures cf
estimated tonnage will be.exceeded, but the amount of
copper which will be produced is a metter of individual
opinion, and will depend on financial arrangemcnts for
developing the nines and bringing them into production,
the price at which copper can be produced, and the world's
capecity to consume copper.
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Generzlly speaking conplete ex1dat10n hes
penetrated to the ground water level from zero to 200
feet, Below this the amount of ox1dlzat10n varies from.
as little as at the Roan Antelope, N'Kana and Mufullra, to
almost complete oxidization as at N'Changa., The depth to
which it ocgcurs varies not only at the different mines
but in the same ore body., The oxidized minerals are mala-
chite, azurite,'chrysocolla, cuprite and tenorite,

‘The sulphide ore minerals are cha1c001te,
bornlte, chalcopyrité, covellite,- llnnaelte, and occasion~’
ally a little pyrite, Rarely, some native copper is found.
The minerals occur as minute speclks uniformly disseminated
through the ore bed rock of silicified sandstonhes and-
shales, The average grain size is about 0,5 m.m,, but
many. grains are discernable only under the microscope.
Because of the presence of the cobalt mineral, linnaeite
or .carrollite, the sulphide ores carry 0,02 to 0,46 per
cent cobalt, This mineral is closely associated with the
chalcopyrite., It is claimed that the amount of chalcopyrlte
‘increases with depth, The specific gravity of the ore 1s
2. 8, very little higher than the barren rock,

All mlnlng operatlons will be under ground., - The
Roan Antelope Mine is the closest to production., The east-
ern section, consisting of the nose of the syncline and
both limbs for gbout 4000 feet, will be first mined.
Several levels hove been opened up from four incline shafts,
two on each limb, and the main hoisting shaft has been put
down. in the footwall of the south limb., The concentrator
is designed to treat 5000 tons of ore daily, provision
being made for increcsed tonnage later, The ore hoisted
in 10-ton skips will be crushed in gyratory and Symons
cone crushers, ground in two stages by ball mills provided
with ample bowl classifier capacity, and concentrated by
flotation. The concentrates will be thickened, filtered,
partially dried and smelted without preliminary roasting
in a standard reverberatory furnace and the matte con-—
vertéd into blister copper. Pilot mill test .conducted-

. on 3.5 per cent copper oré from development showed a
- concentration ratio of 15,5 to 1, a recovery well over

90 per cent in a concentrate averaglng from 50 to 65 per
cent coapper. Very fine grinding is necessary, the ore
having to be reduced to practically all through 200 mesh
to llberate the mineral sulphides., ,

At the N'Kana mine, considerable development
has been done on the North ore body. It is planned to
epen it up through four inclined and two vertical shafts,
one of which will be the main hoisting shaft., The Mindola
ore body will be opened up by a number of inclined shafts
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spaced at convenlent 1nterva1s along the outcrop., It is
planned to equlp N'Xanc for o daily cepacity of 10, 000

" tons of ore. Crushing will be done in gyratory and cone
crushers followed by rolls in circuit with screcns, The
concentrator and smelting ecquipment will be¢ similar to
the Roan Antelope. A pilot mill has been in overation
working out the details of the concentration proctice,
the concentrates from which will be snelted a2t the Bwana
M'Kubwa plant, It is also planned to use thec Bwana
M'Kubwa leaching plant for the treatment of the oxidized
ore. :

oo wsenw - ww At Mufulira, the richest sulphide mine of e
“'the copper belt, devclopment is in progress. “The pllot
mill at the Roan Antclope is beilng used to work ouwt the
details for their concentration plant. It is propcosed

to equip this mine for 10,000 tons daily capecity., It is
uwpported that the conccntrqtes will e treated at the
Roan Antelope smelter, .

At the N'Changa mine, a certsin amount of
development has been done on the Horth lode, where levels
have been run from the shaft at 150 and 300 feet, On the
Dambo lode, two inclined shafts have fcllowed the ore
down for 600 feet at which depth a level was driven, The
ore mostly oxidized snd the method of treatment has to be
worked out and established, Development is also retarded
by the present lack of railway connections,

- Roan Antelope, N'Kana and Mufulira have
established rail connections with the main line., Progress
is such that Roan could be brought into production in
1932 and N'Kana and Mufulira by 1934 er 1935, An annual
production of 160,000 tons of copper could be established
by 1936 from these three mines and increased to twice this
amount in a further few years if world conditions warrant it,

At present, the rail outlet is southward to
Bulawayo in Southern Rhodesia and thence to Beira on the
East coast or southward to South Africen ports. The
railway under construction from Lobito bay on the Vest
_Coast to connect with the main line north of Elizebeth-
“ville in"the Belgian Congo will*shortly be completed and
‘give a more direct outlet to Europe and aAmcrica. Lobito
is some 3,000 miles closer to European copper markets
than Beira, the rail haulsge from the mines being about
the same distance,

There are many problems to be solved in
bringing the mines into production, none of which are
insurmountable, and 211 are gradually being worked out,

The system of mine development and stoping to be emgloyed
requires careful study., With the ore beds dipping at
various angles to almost vertical no one system will apply
to all the mines or to the various sections in the same
mine, The drainage water during the rainy season of these
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grcat synclinal basins has to be controlled, Especlally
is this a problem in the heavy wect ground of the N'Changa
mine. The mines with their concentrators ond smelters.
will requirc = large power supply. Up to the present

this is generated from coal from the Wankic Collieries in

Southern Rhodesia, ebout 600 miles distance from the mines,

‘A closer and cheaper source of coal is being investigated
as is also the development of a certain amount of hydro-
electric power, The labour. supply, which has been so
successfully solved on the Rand, will no doubt be handled
in a similar manner, although climatic conditions are not

‘so good and the source of the native labour supply who .

take kindly to mining operations is further afield, Thls
Jatter problem will be met as far as Dossible by mechaniz
zation. Steps are being taken to control the tropical
fevers &nd make living conditions better for both whate’ . °
and black. These are a few of the more important problems .
which heve to be met and which will retard the bringing

of the mines to the producing steoge. - .
“x  m : . ®

Belgian Congo: In the adjoining province of
Katanga, of the Belgian Congo, the 1929 production. of
copper was over 150,000 tons, This production was by one
Company, the Union Mlnlcre dit, Haut Kantanga, which controls
all the mineral occurrcnces in this section of the Belgian
Congo and is greater than either Chili Copper or Utah
copper, formerly the two world's largest producers, This
large production was chiefly from huge deposits of ‘
oxidized and partly exidized copper minerals, the average
recovery being about 7 per cent copper to the ton of ore
treated. Reserves are estimated at more than 70,000,000
tons, sufficient for 30 years at the present rate of .

productlon.

‘Union Mlnlere du Haut Katanga groduces over
one~half of the world's requirements of cobalt, Sales
in 1929 amounted to 700 metric tons and resources of
cobaltic copper ores have increased, She produces almost
the entire world's supply of radium, the scles for 1929
amountlng to about 60 grams of the radium clement. Tin
is also mlned in appreciable quantities, : S

’ Labour Supply for the Mineral Industry: . In . ,
every mining field of the world, the-supply of tralned

" white labour for the developmént and operction of mines Pde

for the construction and operation of netallurgicel works,
has not been a serious problem, HMen have gone fronm Europe
end ‘fmerica to all parts of the globe to assist in opening .
up the world's minerzl wealth, ThGJ came to the diamondw *
fields of Kimberley, to the gold mines of the Witwaters-
rand and to the other mining districts of the Union and
Southern Rhodesia, and carried on mining and metallurgiesal
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operations, just as efficiently aond progrcssively as in
Burope c¢nd America, 4and so to the mines of Northern
Rhodesia, experiecnced operators and skilled workmen will

be drawn to the great copper fields as they were to the
Rhodesian Broken Hill KMines and the mines of the Belgian
Congo, where conditions are very similar. The Universities,
Colleges and Technical Institutes of the Union of South
Africa are turning out professional and trained men who
will seek employment in the newer mining fields.

The supply of unskilled lebour is a more diffi-
cult problem. The existence of the mineral industry in
Africa depends very largely on the natives wiho under the
direction of the whites, performs all the unskilled work
and to some extent the skilled work, In the Union, native
labour for the mines is to a large extent imported from
Portuguese East ifrica. The natives of the Union and the
Rhodesias do not take to mining, prcferring agriculture and
surface employment or living on their reserves.

In order to assure thc mines of the Union of
a supply of unskilled labour, it was found necessary to form
Native Recruiting Agencies or Labour Assoclations. These
recruit and bring the natives to established depots, dis-
tributaathen to the mines, look after their health and
return theém to their Kkraals after their term of contract
has expired, Some such organization will heve to be fcrmed
for a steady supply of native labour for thc copler mines
of Northern Rhodesia, In the Unkon-there are about
340,000 natives employed in the mining industry. In the
Rand mines alone there are about 210,000, The white force
is about 22,000, Assuming that the same proportion will
be required to operate the Rhodesian Copper Mines, there
will be required for the production of 300,000 tons of
cooner, a force of 65,000 natives ond 6,500 vhites,

In. the mines’ of the Union, the average wage of
_ the white employce is 85,00 per shift and for the native
fifty to sixty cents per shift. Thc mines have, there-
fore the advantage of cheap native lobour, although this
labour complicates the socicl problcems of the country.

One must admit that the low cost of mining is largely due
to native employment as a comparison of figures shows that
one white man receiving $5,00 per shift in a Canadian
mine produces as much ore as five natives receiving a
maximum of sixty cents a shift in a Rand Mines It is also
doubtful whether white labour could produce very much more
per man shift then the native, working in the hot humid
atmosphere that nrevails in the deen levels of the Rand.
Were it not for this cheap labour, much of the Rand and
other reefs would not be profitable, Widths of 18 inches
to 2 feet are being mined on the Rand, at Pilgrims Rest
and Sabie in the eastern Transvaal, of the Platinum-bear-
ing Mcrensky reef, of the chrome beds znd other similar
narrow nineral occurrences. The Rand owes the great depths
to which mining operations are carried largely to the native
labour, with which it will be possible to go to even
greater depths,



