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E D IT O R IA L
HOW EVER extensive the literature, there 

is always room for a new contribution 
which either sheds further light on a subject 
or is able to present it in a  new way. 
“ Simple D eterm inative M ineralogy,” by 
H. R. Beringer, a former lecturer a t the 
Camborne School of Mines, published by 
Mining Publications, L td., the proprietors 
of T h e  M in in g  M a g a z in e ,  which makes its 
appearance this m onth, is a useful addition 
to the books on mineralogy of a really 
practical nature and should be of value to 
the prospector as well as the student.

RAILWAY developments in Central Africa 
have been closely followed in these 

columns, the extension of means of communi­
cation into the great continent being of 
much im portance in the opening up of 
potential mineral fields. I t  is satisfactory 
to record, therefore, the placing of a contract 
in this country for the construction of a 
railway connecting Chambishi and Mufulira 
in N orthern Rhodesia. This new line will 
be 19f miles in length and will be carried 
over the Kafue River by a new bridge of 
three spans of 75 feet each.

TH E  form ation of a local association in 
Southern Rhodesia is announced by 

our Johannesburg correspondent. The new 
body has for its prim ary objects the 
promotion of the  interests and the
maintenance of the status of the Institu tion 
of Mining and Metallurgy in N orthern and 
Southern Rhodesia, as well as the fostering 
of professional and social intercourse between 
local members of th a t body. Those connected 
with the formation of the new association 
include many engineers well known both in 
South Africa and in this country.

A L ITTLE known aspect of F araday’s 
im portant researches is th a t covering 

investigations in metallurgy. Sir Robert 
Hadfield, in a paper to  the Royal Society, 
published in connexion with the recent 
centenary celebrations, deals fully w ith this 
branch of the great scientist’s work. As the 
result of an examination of the contents of 
a box containing F araday’s specimens of 
steel and alloys Sir Robert has been able 
to show th a t extensive work had been done 
on the effects of alloying m any different 
elements w ith iron. W hile it is true th a t 
nothing of lasting value came out of this

research, it is apparent th a t F araday’s 
inquiring mind had anticipated  similar 
labours by m etallurgists who followed him.

SU PPO RT for some means of stabilizing 
silver prices continues to grow, largely 

owing to the persistent propaganda of those 
who hold the view th a t the restoration of the 
m etal to a place in the w orld’s monetary 
system  would be an im portant step towards 
creating the confidence necessary to combat 
the present depression. Reference was made 
here last m onth to  a conference convened 
by the China Association to  consider the 
situation created by the  fall in silver prices. 
At this meeting it was unanimously resolved 
th a t the governm ents concerned should be 
urged to call an early conference to discuss 
this m atter. Sir Robert Horne, who presided, 
made it plain th a t increase of silver prices 
alone could not render stabilization impotent 
by causing over-production, as such a large 
proportion of the  w orld’s output comes 
from base-metal producers as a by-product.

IN the last issue of the M a g a z in e  reference 
was made to w hat was then believed to 

be a new European tunnelling record which 
had been set up in connexion w ith the 
Manchester Corporation Haweswater Scheme, 
an advance of 181 feet being recorded in 
one week. I t  has since transpired th a t in 
driving the 610 m etre deep adit on the 
S tantrg mine, in Yugoslavia, a  distance 
of 459-3 feet was driven in a period of 15 days 
during September, 1930, equivalent to a 
weekly footage of 214-2. Even this figure 
has now been surpassed in the Haweswater 
tunnel, their most recent achievement being 
equal to  a weekly footage of 220. On the 
Manchester project the  work is being 
done by Holman drifters, using Sullivan 
mechanical slushers, whilst a t Trepca the 
drills used were made by Ingersoll-Rand, 
the mucking being carried out w ith a Butler 
mechanical shovel.

TWO papers presented a t the  recent 
centenary meeting of the British 

Association made extended reference to the 
present position in this country of the 
“ oil-from-coal ” industry  and ' oil fuel 
developments. The first, by Mr. H. T. 
Tizard, Rector of the Im perial College, dealt 
w ith the progress of hydrogenation and he 
was able to say th a t recent work pointed
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to the conclusion th a t it would soon be 
possible to  produce a heavy oil from coal 
a t a cost which, while not much lower than 
the cost of producing petrol, would make 
available a valuable source of supply for 
heavy-oil engine plants. Sir John Cadman, 
in the second paper referred to, dealt 
w ith recent developments in oil utilization, 
referring particularly  to  the rapid increase 
in the num ber of oil-fired steamships and 
motor vessels. He considered oil to be the 
fuel of speed, the vitalizing power of modern 
transport.

P etrology and O re-G en esis
The centenary meeting of the British 

Association, to  which reference was made in 
the M a g a z in e  last m onth, concluded at the 
end of September. The F araday celebrations 
and the commemoration of the fiftieth 
anniversary of the present N atural H istory 
Museum combined w ith the Association’s 
centenary to  a ttrac t m any notabilities from 
other countries and all the meetings were 
very well attended. The reference in these 
columns last m onth made note of several 
of the discussions before the Association 
which were likely to  be of especial interest 
to members of the mining profession, but 
generally these took the form of symposia 
rather than  real discussions, summarizing 
advances made during the past year in the 
various subjects, little  th a t was really new 
arising from them. In  the geological section, 
however, the discussion on the genesis of 
ores in relation to  pétrographie processes 
contained much interesting m atte r and more 
extended reference to  th is item  of the 
proceedings is justified.

Problems of ore-genesis and the study of 
the means by which mineralization takes 
place are ra ther viewed askance by practical 
mining men, who are often inclined to take 
the philosophical view th a t ore is just 
where it is and th a t ta lk  about the reasons 
as to why ore is where it is does not 
really affect the situation. Practical 
geologists, of course, take a  contrary view 
and are inclined to think th a t the indifference 
of m any mining companies toward research 
on their chief asset—the ore-body—is, in 
fact, a disservice to themselves, the hasty  
removal, for “ economic ”  reasons, of the 
first of their finds often destroying much 
valuable evidence th a t might have been 
applied to  the search for new prospects. The 
present trend  of thought on ore-deposition 
brings the study of its effects more closely

into contact with petrography, ore-deposits 
being considered as local concentrations in 
which valuable minerals are in greater con­
centration than in average rocks. As 
Professor Cullis pointed out in opening the 
discussion on this subject at the British 
Association meeting, “ these concentrations, 
being naturally-formed mineral aggregates, 
cannot logically be distinguished from rocks.” 
This point of view has been well expressed 
by Professor Niggli and the translator of his 
book “ Ore-Deposits of Magmatic Origin ”— 
Dr. H. C. Boydell—in his preface to the 
work, expresses this view-point as one which 
envisages as necessarily connected phenomena 
rock differentiation, earth tectonics, emplace­
ment, the subsequent production of ore- 
bearing solutions as a  later or last stage of 
differentiation, and, finally, the deposition 
of ore within a recipient rock structure. 
In  his contribution to the present discussion 
Professor Niggli emphasizes the fact th a t the 
genetic description of an ore-body should 
take three points into consideration—first, 
the prim ary geochemical concentration 
process ; secondly, the mineral paragenesis 
consequent on the original process, and, 
thirdly, subsequent alterations within the 
geological body, alterations which may have 
accompanied the process of formation or 
be due to  metamorphism or to  weathering 
processes. The same worker also pointed 
out th a t the extent and importance of 
sedimentary deposits could only be fully 
estim ated by attem pts to reconstruct the 
land and water distribution and the climatic 
factors which obtained at the tim e of their 
formation. Another im portant contribution 
to this discussion was th a t of Dr. A. 
Brammall, who, while a supporter of the 
Nigglian view-point, goes much farther, 
holding the opinion th a t differentiation 
alone, working on fixed quantities of initial 
magma, does not cover the whole case, as 
both the assimilation and fusion (palin­
genesis) of existing rocks m ust be involved 
to explain some of the m any departures 
from existing general rules connecting 
ore-deposits with igneous rock types. Dr. 
BrammalTs work on the W est of England 
granites is well known and this has led him 
inevitably to  the conclusion th a t these rocks 
are essentially hybrid, containing from 2-5 
to  16-3 per cent, of assimilated basic igneous 
rocks, differentiation and assimilation having 
proceeded simultaneously until viscosity 
has put an end to  both. As the result of this 
work it has been suggested th a t all the
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Hercynian granites, from Spain to  the W est 
of England, have originated by palingenesis 
in the roots of deep-sunk orogenic folds.

Among the interesting points arising from 
this intensive study of the granites of Devon 
and Cornwall are the conclusions—first, 
th a t the barium  oxide content of the granite 
can be used as a delicate basis for checking 
the quantitative importance of shale assimila­
tion and, secondly, th a t spectroscopic 
evidence has led to  the conclusion th a t a 
large proportion of the biotite in the granites 
is derived from assimilated pyroxene-bearing 
basic igneous rocks, chromium, nickel, 
cobalt, molybdenum, lead, silver, gold, 
strontium , and iridium  being traceable to  the 
hornblendic basic xenoliths. Assays for 
gold and silver in these granites show an 
average for granite to  contain 1-2 grains 
per ton  of gold and 21-3 grains of silver, 
whereas a dem onstrably hybrid amphibole- 
bearing pegm atite contains 64-8 grains per 
ton of gold and 117-9 grains of silver. 
Prospectors who have spent long periods in 
granite or granite-gneiss country searching 
for a  source for the constantly-occurring 
colours of gold m ust see th a t a hybrid granite 
magma m ay often be the  source itself. 
The m ain conclusion to  be drawn from the 
discussion seems to  be the fact th a t there is 
general agreement th a t the problems of 
ore-deposition are only parts of the problems 
of igneous petrology.

D iese l-E lectr ic  T raction
A possible revolution in railway transport 

in this country m ay be regarded as a good 
reason for introducing a topic which super­
ficially m ay not appear to  be of direct concern 
to  the mining community. Its  effect not only 
on transport facilities - bu t also on the coal 
mining industry—which m ay still be regarded 
as the  basic British industry—is, however, 
sufficiently far-reaching to  appeal to  a wider 
circle than those immediately affected. Those 
readers of the M a g a z in e  who study  the report 
of the Weir Committee on the electrification 
of the main-line railways of Great B rita in  
will find it contains the im portant conclusions 
th a t only a wholesale electrification scheme 
could be contem plated and th a t such a scheme 
would cost a  sum am ounting to  over 
£300,000,000. In addition, it was estim ated 
th a t this expenditure, after a  construction 
period set a t tw enty years, would only give 
a return  of 6-7 per cent., which would, it is 
adm itted, allow of little  or no reduction in 
transport costs. As this is one of the most

vital needs of the country a t the present 
time it is, therefore, not surprising th a t more 
atten tion  is being given to  the internal 
combustion engine, especially the Diesel 
type, using a heavy oil which is both  cheaper 
and safer than  petrol. The use of Diesel- 
electric traction  on rail cars is now well 
past the experim ental stage and the increasing 
atten tion  which is being paid to  this type of 
power un it was very evident a t the exhibition 
just concluded a t Olympia.

The type of in ternal combustion engine 
which is usually called after its inventor, 
Dr. Diesel, made its appearance in the 
concluding decade of last century and much 
of the development of th is engine took place 
on the Continent. The m ain feature of the 
engine lies in the  use of cylinder compression 
to  develop such tem peratures th a t injected 
oil is ignited, the expanding gases providing 
the motive power. From  its invention the 
development of the Diesel engine has 
proceeded rapidly and units are now 
constructed capable of producing as much as
25,000 h.p. I t  has to  be remembered, 
however, th a t in com petition with the steam 
engine the Diesel engine has an important 
defect. The m erits of the steam  engine are 
its high over-load capacity, maximum 
torque at low revolution, flexibility of speed, 
and good acceleration—in fact, a steam  engine 
is a constant-torque engine, whereas a 
Diesel is a  constant-speed unit. This was 
the fact which led to  the  failure of those 
early experim ents to  couple a  Diesel unit 
directly to  the driving wheels of a  locomotive, 
although it is considered th a t the use of 
supercharging m ay be the first step towards 
overcoming the difficulties of direct coupling. 
In practice, however, the difficulty has been 
avoided by the use of connecting media 
between the power un it and the wheels. 
Such media are either or both  gear trans­
mission and electric transm ission units, 
the solution of the problem lying in the 
acceptance of the  Diesel engine as a prime 
mover pure and  simple. As such it has 
im portan t advantages, those of low cost, 
small running and m aintenance charges, 
high speed, reliability, easy starting, and 
freedom from vibration, noise, smell, 
smoke, and fire risks. As for the  relative 
m erits of two-stroke and four-stroke systems, 
although there seems to be a tendency in 
favour of the two-stroke for large units, the 
four-stroke seems to  be more in favour for the 
purposes of locomotion. Research on this 
type of engine has constantly  been in the
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direction of simplification and the improve­
m ent of mechanical injection pum ps—the 
so-called airless-injection system—has been 
a notable factor in this direction.

Bearing in mind th a t the desired end of 
locomotive development—or railway develop­
ment, for th a t m atter—m ust be the provision 
of cheaper transport facilities, it is obvious 
tha t the Diesel-electric locomotive is one 
means to  th a t end. Such a locomotive would 
certainly have a greater initial cost than  the 
steam locomotive it is designed to replace, 
but its running costs, allowing for interest 
and depreciation, would only be about half. 
At present the use of powdered fuel on steam  
locomotives is another a ttem pt to  provide 
greater fuel economy and the continued 
use of home supplied fuel is naturally of 
paramount importance. The development 
of processes in this country, however, having 
the aim of producing cheap oil from coal are 
extremely im portant in this connexion, as 
Diesel-electric traction using home-produced 
heavy oil seems to have im portant advantages 
over complete electrification of the railways, 
at any rate for short branch or suburban 
lines.

C opper
The decision of Great B ritain to allow its 

currency to  depart from the gold standard 
immediately resulted in a rapid advance in 
the price of metals, an adjustm ent of values 
to the depreciated pound sterling. Although 
the position has since suffered a relapse, 
followed by another advance, an examination 
of the present figures shows th a t after all 
allowance has been made to  bring present 
prices on to a gold basis the values of the 
principal base m etals show a decline. The 
position as regards copper has been 
emphasized by the decision of the Rio Tinto 
Company not to  make any interim  dividend 
payment on its ordinary shares this year, 
ft is true th a t many factors other than price 
considerations have adversely affected this 
company, notably affairs in Spain, where a 
demand for taxes on profits and dividends 
covering the years 1923-25 has made a 
serious drain on its available resources. 
In  addition the ore position a t Rio Tinto 
is regarded as being far from satisfactory, 
as it is feared th a t the continued decline in 
the copper content of the ore will mean a 
gradual increase in production costs, a factor 
which was one of the main reasons influencing 
the decision of this company to  invest in 
Northern Rhodesia. Nevertheless the un­
certainty as regards the position of copper

is extremely im portant to many mining 
men and it is well worthy of some examina­
tion.

During the la tte r half of August and the 
beginning of September an im portant factor 
affecting the copper situation became very 
apparent in the United States. The official 
price set by Copper Exporters was per­
sistently underquoted by customs smelters 
and other outside interests, all of whom 
were pressing m etal for forward delivery at 
7 cents per pound, a figure a t which many 
of the large companies in the United States 
can only be producing a t a loss. In  spite 
of this fact, however, the production in 
th a t country during August was nearly 
equal to  th a t of July, being just under
39,000 tons. I t  is probably true th a t the 
relative am ount of cheap copper available 
is only small when compared with available 
stocks, bu t it is still enough to  meet the 
present poor demand, and consequently has 
immediate effects on the m arket situation, 
creating an u tte r  lack of confidence in the 
position. A similar situation was apparent 
on the British m arkets during the same 
period, free offerings and absent buyers 
forcing prices ever downwards, with the 
result th a t new low records for the m etal 
were created daily. I t  has become 
increasingly evident, therefore, tha t steps 
will have to be taken to curtail copper 
supplies unless economic factors take control 
of the situation.

In  view of the prevalent state of affairs 
outlined here it w ould seem th a t the chief 
interest for the next few weeks will be in 
the decisions of the conference of producers 
which is to  be held in New York this month. 
Representatives of Canadian, Belgian, 
Rhodesian, and United States interests will 
be present and it is intended to consider the 
details of a scheme to  restrict the output 
of copper to  90,000 tons a month, which is 
estim ated to entail a cut of 28 per cent. The 
present world consumption of copper is 
about 100,000 tons per m onth and the 
lower figure chosen as a  basis for agreement 
makes allowance for the production of 
other countries, such as Russia, Germany, 
and Japan. Although copper outputs 
have to  a certain extent been previously 
restricted, it is now evident th a t much 
firmer measures are intended to deal with the 
situation and copper will join the other 
metals—tin, zinc, and lead—in coming 
under artificial control, whether for the 
benefit of the industry or not remains to 
be seen.
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Introduction.—After w hat has seemed 

an unduly protracted  period of uncertain ty  
Parliam ent has been dissolved and a general 
election is to take place on October 27. 
The National Government has made a 
united appeal to the country and the general 
opinion th a t such a Government will receive 
the m andate it desires tends to m aintain 
commercial confidence. Since the departure 
of this country from the gold standard  m etal 
prices have been somewhat erratic, but the 
tendency generally is towards improvement.

Transvaal.—The output of gold on the 
R and for September was 872,053 oz. and 
in outside districts 43,971 oz., making a 
to ta l of 916,024 oz., as compared with 
916,425 oz. in August. The num ber of 
natives employed on the gold mines a t the 
end of the m onth totalled 209,424, as com­
pared w ith 209,409 a t the end of August.

The report of the New Modderfontein 
Gold Mining Company for the year ended 
June 30 last shows th a t the ore reserves have 
suffered another decline, decreasing to
6.789.000 tons, averaging 8-0 dwt. over a 
stoping w idth of 49-9 in., from 7,431,900 
tons, averaging 8-6 dwt. over 50-2 in. Once 
again this is considered to be largely due to 
the lower proportion of payability  of ore 
developed on the South Reef and Upper 
Leaders in comparison with the Main Reef 
Leader. The ore milled during the year 
am ounted to 1,933,700 tons, yielding 838,082 
oz. of gold, w orth £3,554,118, silver and 
osmiridium recovered bringing the to ta l 
up to £3,368,550, equal to 36s. l id .  per ton. 
W orking costs am ounted to £1,550,782 
and the working profit to £2,017,768, 
dividends paid during the year absorbing 
£1,750,000, equal to 125 per cent.

Lor the year ended June 30 last the ore 
reserves of Sub Nigel show an increase of
241.000 tons, the fully developed reserves 
being estim ated at 1,206,000 tons, averaging 
17-3 dwt. over a stoping w idth of 27 inches. 
The value is lower by 0-7 dwt., bu t the 
w idth is higher by 4 in., in order to conform 
to current stoping practice. The ore milled 
was 378,000 tons, 333,551 oz. of gold being 
recovered. The revenue am ounted to 
£1,413,214, working expenditure being 
£707,568 and the working profit £705,646. 
Dividends declared during the year absorbed 
£450,000, equal to 6s. per share.

The returns of the E ast Geduld mine for 
September show a steady im provem ent in

operating results. Ore crushed during the 
m onth am ounted to  42,000 tons, working 
costs being estim ated a t £47,230 and revenue 
a t £44,626, the absorption of gold in the 
plant being still considerable. The develop­
m ent report for the last quarter shows an 
advance of 2,399 ft., of which 1,490 ft. was 
sampled, 965 ft. being payable, having an 
average assay value of 16-6 dwt. over 43 in.

The Mines D epartm ent of the Union 
Government has invited applications, for 
the leasing of areas adjacent to the Sub Nigel 
mine on the farm s G rootfontein and Dagga- 
fontein, the ground available together 
representing 6,333 mining claims. Tenders 
for this ground are returnable on February 1 
next.

The accounts of N orthern  Platinum 
Exploration, L td ., covering the year ended 
June 30 show th a t no operations were 
carried out on the com pany’s properties, 
these being in charge of a caretaker. In 
order to bring the holding in Potgietersrust 
Platinum s, L td., to  m arket value a sum of 
£20,382 has been w ritten  off, lowering the 
value of the  com pany’s available balance, 
in cash and investm ents, to  £33,667.

Shareholders of Transvaal Gold Mining 
E states have been informed th a t no dividend 
could be declared this year.

Southern R hodesia.—The output of gold 
from  Southern Rhodesia during August 
was 43,292 oz., as com pared w ith 44,765 oz. 
for the previous m onth and 46,152 oz. in 
August, 1930. O ther ou tputs for August 
were : Silver, 5,892 oz. ; coal, 51,847 tons; 
chrome ore, 8,962 tons ; asbestos, 1,412 tons ; 
mica, 2 tons.

The report of the  Sherwood Starr Gold 
Mining Company for the  year ended June 30 
last shows th a t the ore reserves have risen 
to 151,300 tons, bu t the value has declined 
from 66'7s. to  46'6s. per ton. The ore milled 
during the year was 56,000 tons, 1,800 tons 
less than  was treated  in the  previous year, 
the increase in the percentage of concentrates 
produced and the lim ited capacity of the 
roasters necessitating the reduction. In 
addition 46,532 tons of current slimes and 
54,154 tons of accum ulated slimes were 
re-treated  and the to ta l revenue for the year 
was £138,464, as com pared w ith £132,966 
in the previous year. W orking costs increased 
from 22s. lOd. per ton to  24s. 3d., but the 
profit also rose from 23s. 2d. per ton to 
25s. 3d., the gross working profit being
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£70,698. Dividends paid during the year 
absorbed £30,000, equal to 30 per cent.

The report of the Toronto (Rhodesia) 
Syndicate for the seven years to December 31, 
1930, show th a t the working of the mine by 
tribute ceased in April last, bu t th a t 
negotiations are proceeding with the object 
of re-letting it. The response of shareholders 
to the reorganization scheme sanctioned in 
1927 proved so poor th a t no shares were 
allotted, but these will again be offered when 
a favourable opportunity occurs.

Northern Rhodesia.—Shareholders of 
Rhokana Corporation were informed last 
month of an accident a t the N ’Changa W est 
Mine, where a rush of water occurred which 
reached the shaft. Although this will cause 
some delay in the development of N ’Changa 
West, it will, it is stated, in no way affect 
operations at N ’Kana, which is expected to 
provide the major part of the production in 
the earlier operating stages a t the com­
mencement of the new year.

Nigeria.—During the year ended March 31 
last the production from the Fedderi areas 
of Tin Fields of Nigeria, L td., was 58 tons, 
as compared with 59 | tons in the previous 
year, while in addition 38J tons was produced 
from the areas of Rukuba Tin Mines, Ltd., 
which are under tribute. The price realized 
for the concentrates was only £68 5s. lOd. 
per ton, as compared with £113 17s. 5d. 
obtained in the previous year, and the year’s 
working resulted in a loss of £161, reducing 
the balance carried forward to £48.

The report of Ribon Valley (Nigeria) 
Tinhelds, covering the year ended March 31 
last, shows th a t 206J tons of tin concentrates 
was produced, the operations for the period 
mentioned showing a profit of £3,942. After 
writing off the debit balance brought in, there 
remains a sum of £61 to  be carried forward.

Gold Coast.—The return of the Ashanti 
Goldfields Corporation for September shows 
the m onthly profit to have been a record one 
at £39,599, in addition to which £6,753 
was received on account of the gold premium, 
which was only available during the la tte r 
half of the m onth. September is also the last 
month of the financial year for this company, 
and the net profit for the period is estim ated 
at over £400,000, equal to more than 
100 per cent, on the issued capital.

A circular to shareholders of Taquah and 
Abosso Mines states th a t arrangements have 
been made whereby the New Consolidated 
Gold Fields, which has acquired a substantial 
interest in the company, will assist in

extending its operations. The Gold Fields 
company will be represented on the new 
board, of which Mr. J. H. B atty  becomes 
chairman, Mr. G. W. Campion continuing 
his connexion with the company as technical 
adviser.

A ustralia.—The accounts of the Broken 
Hill Proprietary Company for the year 
ended May 31 last show a net profit of 
£83,257, after providing £232,752 for depre­
ciation and £64,659 for debenture interest. 
Operations a t Broken Hill ceased on June 30, 
1930, where sufficient staff has been retained 
to look after the plant. The production of 
the Newcastle steelworks shows only a 
slight reduction on th a t of the previous year. 
As was announced in the M a g a z in e  for 
January  last, the company has decided to 
investigate gold-mining propositions brought 
to their notice, bu t so far these investigations 
have been w ithout tangible results.

Advice from A ustralia is to the effect th a t 
the net profit of Amalgamated Zinc (De 
Bavay’s) for the first half of the current year 
was £3,497. I t  is stated  th a t the negotiations 
with regard to  the inauguration of a paper 
industry  in Huon Valley, Tasmania, are 
being continued.

A circular to shareholders of the Wiluna 
Gold Corporation issued last m onth stated 
th a t during August 23,279 tons of ore was 
treated, yielding bullion worth £26,370, 
working costs in Australian currency being 
£24,278. I t is further stated  tha t Mr. C. O. 
Lindberg, who is investigating the position 
at the mine, has suggested th a t the assistance 
of a flotation expert would be desirable, 
and Mr. T. Owen, formerly of the American 
Smelting and Refining Company, has been 
engaged. The management have reiterated 
their confidence in the deep-seated origin of 
the W iluna deposits.

New Zealand.—Recent investigations by 
Government geologists into the huge 
cemented gravel deposits in the Tuapeka 
district of Otago are stated  to have revived 
the interest of mining men and an Australian 
syndicate has engaged experts to go into the 
m atter.

India.—A progress report issued by the 
Indian Copper Corporation, covering the 
first half of 1931, shows the mine production 
to have been 79,153 tons of ore, development 
having kept pace w ith depletion. The ore 
treated  by the mill was 79,089 tons, averaging 
3-26 per cent, copper, the recovery being 
estim ated a t 97-25 per cent., milling costs 
during the period showing a reduction of
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12 per cent, as against the previous year. 
The output of the sm elter was 2,105 tons 
of refined copper, over-all operating costs 
being 38-7 per cent. less. At the  rolling 
mill costs were also lowered by approxim ately 
£2 per ton, sales being well m aintained, 
the output of yellow m etal sheet for the 
period amounting to  1,581 tons.

Shareholders of the Mysore Gold Mining 
Company have been informed th a t recent 
rockbursts in the stoping section of the mine 
have so seriously interfered with the m onthly 
output of gold th a t it is deemed advisable 
to postpone the declaration of any dividend 
until the results of the whole year’s work 
are ascertained.

B urm a.—The report of the Tavoy Tin 
Dredging Corporation for 1930 is the first 
issued since the absorption of the N orthern 
Tavoy, Theindaw, and Thingandon com­
panies and shows th a t the  new company now 
possesses a fleet of six dredges, all of which 
are in excellent condition. The ground 
treated  during th e  year am ounted to 
1,472,581 cu. yd., the output of tin con­
centrates being 318f tons, while 12 tons was 
produced from tribute, the whole realizing 
an average price of £130 per ton  of metal. 
The year’s working resulted in a loss of 
£1,925, the  to ta l loss for the  year being 
£4,669, after transferring £22,231 from 
reserve account.

M alaya.—During the year ended June 30 
last the  output of tin  by the Renong Tin 
Dredging Company am ounted to 539-9 tons 
from the treatm ent of 1,221,894 cu. yd. of 
ground by  the two dredges on the Rasa 
property. Continued exemption has been 
given from working the Gombak Valley 
property, activities on which have been 
confined to the close-boring of certain areas. 
The profit for the period under review was 
£13,983 and £10,463 was distributed as 
dividends, equal to  5% on the ordinary 
shares, the balance carried forward being 
increased to £22,493.

At an extraordinary meeting of Anglo- 
Eastern Tin held last m onth it was resolved 
th a t the capital should be increased by the 
creation of 100,000 new ordinary 2s. shares, 
the subscription of which " has been 
guaranteed.

Dutch East Indies.—The report of th e  
Government Banka Tin Mines for 1930 shows 
th a t profits am ounted to £870,000, as com­
pared with £1,785,000 in" the ten m onths 
covered in the 1929 report. Production

increased from 168,737 to 219,400 quintals 
and working costs rose from  FI. 79-74 per 
quintal to FI. 86-91, while the selling price 
fell from FI. 239-38 to FI. 172-12.

M exico.—During the  year ended June 
30 last the operations of the E l Oro Mining 
and Railway Company resulted in a profit 
of £9,766, receipts as interest from the 
Inversiones Company and other sources 
raising this to  £38,766. The to ta l profit, after 
allowing for exchange losses and expenses, 
am ounted to  £34,203 and, after adding the 
sum of £11,486 brought in, there was an 
available to ta l of £45,689, from which a 
dividend of 7d. per share is to  be paid. 
During the period under review 170,955 tons 
of ore was raised at the Noria mine of the 
Inversiones Company, 172,209 tons, averaging 
20-77 oz. of silver and 12-03 grains gold per 
ton, being sent to  the mill. The ore reserves 
a t this mine were estim ated a t the end of the 
year to  be 201,011 tons, averaging 18J oz. 
silver per ton.

C ornw all.— It is proposed to  resume 
production at South Crofty as soon as the 
necessary arrangem ents have been made.

Spain .—The report of the Tigon Mining 
and Finance Corporation for the year ended 
March 31 last states th a t by  the end of the 
current year the ou tpu t of sulphur from the 
mine in Spain should am ount to 2,000 tons 
per annum, when it is estim ated that it 
would be self-supporting. On the Chilean 
properties production has ceased, con­
siderable stocks being available.

François C em entation  C om pany.—The 
accounts of the François Cem entation Com­
pany for the year ended March 31 last show 
a trading profit of £63,964, increased by 
dividends from subsidiary companies to 
£67,544. A fter making allowances for 
depreciation, paym ent of preference 
dividends, and other item s, a balance of 
£44,330 was carried forward. The most 
im portant new work undertaken by the 
com pany is th a t being done a t Haweswater 
in connexion w ith the Manchester Cor­
poration w ater supply scheme.

M urex.—The trading profit of Murex, 
L td., for the  year ended June  30 last was 
£48,666, other item s bringing the gross 
profit up  to £82,872. A fter m aking various 
allowances and adding the sum of £26,776 
brought in, there was an available total of 
£86,219. D ividends paid during the year 
absorbed £49,660, equal to  35 per cent., and, 
after making provision for depreciation, etc., 
the sum of £28,908 was carried forward.



CHROMITE IN SIERRA LEONE
By w .  H. WILSON, A.R.S.M., A.I.M.M.

In this article the  author describes the chrom ite deposits of the K am bui H ills, in the Province of Kenem a.

I n t r o d u c t i o n . — In spite of its almost 
unique range of usefulness, chromite, the 
one and only commercial source of chromium, 
is not a well-known mineral, and this 
preliminary review of its composition and 
uses, together with other particulars, which 
in a paper dealing w ith a specific deposit 
of any of the better known minerals might be 
superfluous, m ay here serve as a suitable 
preface and guide for those who have not 
had an opportunity to  study this mineral.

Chromite contains, in varying proportions, 
chromium sesquioxide (Cr20 3), protoxide of 
iron (FeO), alumina (A120 3), silica (Si02) 
and magnesia (MgO). Commercially valuable 
ore contains a minimum of 40% chromic 
oxide (Cr20 3), and although ore containing 
as much as 55% Cr20 3 is mined in New 
Caledonia, by far the major proportion of the 
world’s production contains 48% or less of 
chromic oxide. The proportion of the other 
constituents varies in different ores, but the 
following scale gives the common lower and 
upper limits :—FeO, 12% -21%  ; A120 3,
6%—21 % ; S i0 2, l% -9 %  ; MgO, 9% -16% . 
It is a black mineral, with a sub-metallic 
to metallic lustre, has a specific gravity 
of 4T-4-5, a hardness factor of 5-5, and 
is extremely refractory and obdurate. 
Occurring as m agmatic segregations in 
ultra-basic igneous rocks, usually peridotites 
altered to serpentine and talc, it is commonly 
found massive, w ith a perfectly crystalline, 
compact structure, disintegrating on 
weathering into typical octahedral crystals.

Of recent years the uses of chromite have 
increased and in the future it is certain to 
find further applications.1 As ferrochrome, 
an alloy of chromium and iron, containing 
at least 60% of the former, it is added, 
together with nickel, to certain alloy steels. 
These can be divided into three classes : 
Corrosion resisting, or stainless steels ; 
steels of high tensile strength ; and high 
tem perature, or heat resisting steels, all of 
which have an immense range of usefulness. 
Nickel and chromium are also being 
increasingly used in cast iron. For the 
m anufacture of ferrochrome, which is

1 Anon., "  T he Growing D em and for C hrom ium ,” 
South A frican  M in ing  and Engineering Journal, 
vol. x l, p a r t  1, p. 268, M ay 4, 1929. Johannesburg.

produced from chromite in the electric 
furnace, only the better grades of chromite, 
containing a minimum of 45% chromic 
oxide, can be employed, as difficulty is 
experienced in producing ferrochrome con­
taining the requisite minimum of 60% 
chromium from lower grades of ore. In  
addition, the iron oxide content m ust not 
exceed one-third of the chromic oxide 
content.

Chromium plating is earning a well- 
deserved position of importance, owing to  its 
beauty and durability. Chromium sulphate 
and chromic acid are used in the plating 
solution.1 Compounds of chromium have 
numerous other uses. H. A. Doerner2 
states th a t the chemical trade requires an 
ore containing from 50 to  55% chromic 
oxide, while F. E. K eep 3 states tha t, 
“ chrome ore of as low a value as 13% 
chromic oxide is used in the manufacture 
of chemicals, bichromates, chrome yellow 
etc.”

There is an increasing demand for chromite 
for refractory bricks and cement. For this 
purpose a minimum chromic oxide content 
of 40% is necessary and a low silica and iron 
content desirable. The ore, moreover, must 
possess certain mechanical characteristics, 
including th a t of remaining solid and 
uncracked when subjected to heat.

Chromite is usually used as it comes from 
the mine, w ithout dressing. Certain low- 
grade ores are, however, water concentrated, 
to raise the grade to  a m arketable value. 
The bulk of the world’s chromite is produced 
in Rhodesia, South Africa, and New 
Caledonia. The United States is the largest 
consumer of the mineral, with a negligible 
production. The mineral is sold on a chromic 
oxide content basis, the price rising a little 
more rapidly than  the proportionate per­
centage increase of Cr20 3. In  1929, 47% 
ore was valued a t 22 dollars per long ton

1 "  A M odern E lec tro -P la ting  P la n t.” Nickel 
Bulletin , vol. iv , no. 1.

2 H . A. Doerner, "  Beneficiation of Low-Grade 
C hrom ite O res.” R ep o rt of Investiga tions 2999. 
U nited  S ta tes B ureau of Mines.

3 F . E . Keep, “  T he Geology of th e  Chrom ite and 
Asbestos D eposits of th e  Um vukw e R ange, Loma- 
gundi and  Mazoe D is tr ic ts .” Southern  R hodesian  
Geological Survey B ulletin  No. 16.
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and 51% ore at 2 3 | dollars, while the current 
quotation (August, 1931) is £4 or 19 dollars per 
ton c.i.f. for good 48% ore. The present basis 
allows a bonus of 2s. per unit for every 
1% above a standard value of 48% mineral.

C h r o m i t e  D e p o s i t s  i n  t h e  P r o v i n c e  
o f  K e n e m a ,  S i e r r a  L e o n e .— In reviewing 
the history of this recently-discovered 
chromite area, it should be said th a t Mr. 
J. D. Pollett, of the Sierra Leone Geological 
D epartm ent, found the first chromite as 
boulders lying on a bush path  crossing the 
Kambui Hills and further prospecting 
resulted in the discovery of an outcrop of 
good-grade chromite and of widely 
distributed detrital chromite. These dis­
coveries were announced in the Reports of 
the Geological D epartm ent for the years 
1927-9 and in the 1929 Report the 
following statem ent, since translated  into

The Kambui H ills.—The following is a 
description of the geological formation in 
which the chromite deposits occur (Fig. 1). 
The Kam bui Hills consist of a low ridge 
about 40 miles in length and attaining in 
places a height of 1,500 ft. above sea level. 
They are composed of an ancient series 
of Schists—the Kam bui Schists 1—lying 
at a steep dip of from 60° to  70° W., and 
striking approxim ately N. 30° E. (Mag. 
1930). Although the schists are of a width 
of from 1 to  1-| miles, the  w idth of the range 
is somewhat wider, since the schists graduate 
on the western side into a series of hills 
composed of granite and on the eastern side 
slope gently down to  a granite plain, lying 
some 500 ft. above sea level.

A dense, hard, grey hornblendic schist 
is the predom inant rock type of the hills, 
and this is of sedim entary origin. The

g«ai«>c [lid

r  * 
5

I
F i g . 1 . — P l a n  o f  p a r t  o f  t h e  K a m b u i  H i l l s , s h o w i n g  t h e  s i t e  o f  t h e  C h r o m i t e  D e p o s i t s .

fact, occurs :— “ No detailed examination 
of this part of the country has been made 
and it is practically certain th a t several 
other deposits of chromite will be found 
when the district is more carefully examined.” 

Acting under the direction of Major 
A. D. Lumb, Senior Mining Geologist of 
the United Africa Company, by  whose kind 
permission this paper is being published, 
Mr. T. H irst made a short tour of the 
locality, obtaining sufficient data  to  confirm 
the possibility of the existence of chromite 
deposits. During the following year the 
area was vigorously prospected, two large 
deposits being discovered by the author, 
in addition to  the original deposit discovered 
by the Geological Dept., which proved on 
development to  be of considerable size. 
O ther small deposits were located, which 
on exam ination proved to be valueless 
and of which no further m ention will be 
made.

chrom ite deposits, however, are associated 
with a series of irregular intrusive dykes of 
ultra-basic igneous schists, consisting largely 
of serpentine rock and soft decomposition 
rocks—talc, anthophyllite, and chlorite schists 
—lying near the eastern contact of the 
sedim entary hornblendic schist and the 
granite.

Surrounding the schists is an intrusive 
biotite granite, which passes in the contact 
zone by assimilation of the schists to  biotite 
and hornblende gneisses. Outliers of schists 
exist in the granite as far as 2 miles from the 
actual contact and intrusions of granite 
are found far into the schists, in which veins 
of quartz and pegm atite are also common.

Midway along the range of hills, at a 
position 8° 3' N. Lat., and 11° 13' W. Long., 
the three larger chromite deposits occur in 
the ultra-basic igneous schists, which are

1 N. R. Ju n n er, “ Geology of S ierra  Leone." 
T h e  M i n i n g  M a g a z i n e , Ja n .,  1930,
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of a w idth of from \  to \  mile a t this region. 
The deposits lie parallel to  the strike of the 
adjacent rocks and are close together, the 
distance from end to  end of the deposits 
approaching 1 mile. Three miles d istant 
is a m otor road, six miles along which is the 
railway station of Hangha, 180 miles v ia the 
Sierra Leone Railway from Freetown, the 
port and capital of the colony.

Dense forests cover the hills, which 
although rendering prospecting difficult, 
promise an endless supply of tim ber for use 
when the deposits are opened up.

T h e  C h r o m i t e  D e p o s i t s . — Details of the 
formation, mode of occurrence and grade 
of the three large deposits are shown in 
Fig. 2.

from chromite to  talc being ab rup t and the 
walls of the deposit sm ooth and hard. 
Outcrops of serpentine occur in the bed 
of a stream  near the deposit. The chromite 
is mineralogically pure, and contains no 
entrained impurities, such as t a l c ; it is 
coarse grained, perfectly crystalline, and of 
a black colour, w ith a sub-metallic lustre. 
A typical analysis of the mineral gave :—

%
Sesquioxide of chromium 47-72
Protoxide of iron 13-98
Alumina . 20-30
Silica 1-92
Magnesia . 15-98

99-90

F i g . 3 . — O u t c r o p  o f  C h r o m i t e  ( 2 0  f t . w i d e ) o n  D e p o s i t  N o . 1.  T h e  m e n  a r e  s t a n d i n g  a t  t h e

E X T R E M E  E D G E S  O F  T H E  O U T C R O P.

Deposit No. 1.—This deposit consists of 
a series of dyke-like lenses, of uneven shape 
and thickness, lying along a line parallel to  
the strike of the schists and dipping at the 
same angle, i.e. N. 30° E. and 60° W. 
respectively. The lenses have a to tal length 
of 500 ft., and widths varying from 12 ft. 
to  23 ft. Outcrops have been exposed by 
trenching, but as no underground explora­
tion, or boring, have yet been undertaken, 
the depth is entirely a  m atter of surmise 
and is discussed later in this paper.

The deposit occurs in the ultra-basic 
igneous schists, near the contact of these rocks 
and the sedim entary schists, and m ay be 
regarded as a flattened, irregular formation of 
lenses, lying in the  hanging wall of the 
intrusive rocks. On either side of the 
chromite is a soft, talcose rock, the transition

Deposit No. 2.— Separated from No. 1 
deposit by a  distance of 1 mile, in another 
development of the igneous schists, is the 
second, or No. 2 deposit, also consisting of a 
series of dyke-like lenses, approximately 
in line, of to ta l length 1,000 ft. and widths 
varying from 3 ft. to  23 ft. In  places the 
lenses have a parallel formation, bu t maintain 
the same alignment. Considerable local 
variations occur in the strikes and dips, but 
the average corresponds w ith those of the 
schists—N. 30° E. and 60° W. The deposit 
lies near the contact of the intrusive and 
sedim entary schists, close to  the hanging- 
wall of the former series. In  addition to 
surface exploration by deep trenching, 
shafts and adits prove th a t, a t a depth of 
50 ft., the widths of the deposit are 
m aintained.
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A very soft, decomposed, brown, talcose 
schist surrounds the deposit. This schist is 
free from chromite, except between the 
parallel lenses, where it is interspersed with 
chromite crystals and has a somewhat 
granular appearance. Occasional nodules 
of serpentine are found in the talc, which is 
crossed by bands of quartz-schist and by 
numerous quartz veinlets. Small outcrops 
of serpentine occurring near the chromite 
are also intruded with quartz veins. Certain 
of the chromite lenses are shattered and 
contain soft, brown talc in the fissures ; 
but the m ajority are sound and unbroken. 
Perhaps one-half of the chromite is of good 
grade—coarse-grained, hard, and black. The 
other half, comprising certain entire lenses 
and portions of others, is composed of 
chromite rendered friable and of greyish 
appearance by films of talc occurring in the 
interstices between the crystals. An analysis 
of typical mineral gave :—

Sesquioxide of chromium 
Protoxide of iron' 
Alumina .
Silica
Magnesia .

°//o
45-75
14-40
15-50 
8-65

14-70

99-00

planes, exposed by trenching and blasting 
away the weathered surface ore, measure 
as much as 9 ft. across. A typical analysis 
of the ore, analysed for chromic oxide 
content only, gives this figure as 43-5%.

M o d e  o f  O r i g i n  o f  t h e  C h r o m i t e  
D e p o s i t s .— In considering the genesis of 
the chromite, the relative age of the three 
series of rocks associated with the deposits— 
the sedimentary schists, the intrusive igneous 
schists, and the granites—is one of the primary

Deposit No. 3.—Lying on a prolongation 
of the line of No. 2 deposit, a t a distance 
of 700 ft., and in the same development of 
the igneous schists, is the third, or No. 3 
deposit, consisting of two parallel dykes or 
lenses, of length 140 ft., and maximum 
widths of 20 ft. and 7 ft. respectively, 
separated by an interval of 50 ft. The strike 
of the deposit is N. 12° E. (Mag.), and the 
dip 70° W., corresponding with the schists, 
which are bending towards the north at this 
point and trend N. 12° E. to N. 5° E., as 
compared with N. 30° E. in the region of 
deposit No. 1. As with the other deposits, 
it occurs close to the hanging-wall of the 
intrusive schists.

Surrounding the deposit is a hard, brown 
talc schist and between the dykes is a banded 
zone, composed of a hard, grey rock consisting 
of a talcose mineral and granules of chromite 
in varying proportions, with partings of soft, 
decomposed brown talc. Large outcrops of 
serpentine occur near the deposit, intruded 
by large and small veins of quartz and 
pegmatite. No underground exploration 
or boring have yet been undertaken on this 
deposit. <

The chromite is black, lustrous and 
unshattered. Certain faces of cleavage

F i g . 4 . — C h r o m i t e  O u t c r o p  ( 2 3  f t . w i d e ) o n

D e p o s i t  N o . 2 ,  t h e  p o s i t i o n  o f  t h e  m e n
S H O W IN G  T H E  E X T R E M E  E D G E S  O F T H E  O U TCR O P.

factors. I t  is clear th a t the sedimentary 
schists are the oldest rocks and have been 
intruded by the granites and it remains to 
determine the position of the intrusive 
schists as pre- or post-granite. These 
schists are found only in the sedimentary 
schist belts and not in the granite, which 
indicates th a t they are of pre-granite origin, 
and this is substantiated by the fact th a t they 
are intruded by veins of quartz and pegmatite, 
obviously of contemporary age with the 
granite.



chromium-rich ultra-basic magm a from which 
the eutectic chromite, by v irtue of its high 
freezing point, crystallized in advance of 
the rest of the magma, and descended by 
gravity  to form flattened, bedded aggregates, 
or masses of crystals, a t the bottom  of the 
intrusions, bu t prevented from making 
contact, w ith the wall rocks by the rapid 
solidification of the outer m argin of the 
magma, cooled by the wall rocks. A further 
fall in tem perature would have solidified 
the bulk of the magma.

An essential condition of th is proposed 
theory of origin is th a t the  basic magma 
should have been intruded into a horizontally 
bedded series of rocks, and the deposits 
formed as horizontal, flattened beds or 
masses. To fulfil th is condition the igneous 
schists m ust be of pre-granite age and have 
been in truded when the sedim entary rocks 
were in their original horizontal position, 
the gigantic upheaval, possibly contem­
poraneous w ith the intrusion of the  granites, 
lifting the entire series of rocks into their 
present position. Complete evenness and
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F i g . 5 . — C h r o m i t e  O u t c r o p  o n  D e p o s i t  N o . 3
E X P O S E D  A LO N G  T H E  S T R IK E .

I t  has already been shown th a t the deposits 
are in the form of series of nearly vertical, 
dyke-like lenses, lying in the igneous schists 
near the contact of these schists w ith the 
sedim entary schists and parallel to  the strike 
and dip of these rocks. The possibility of 
the chromite having been in truded into 
this position, plausible as it might appear 
after a superficial examination, is remote, 
since chromite has a very much higher 
melting point than  th a t of the surrounding 
rocks, which would therefore be liquid a t a 
tem perature far below the melting point of 
chromite. The theory of the formation of 
chromite as intrusive masses has never been 
strongly supported, and is adm irably dis­
proved by F. E. Keep,1 who also gives 
particulars of eminent geologists who 
condemn the theory.

If the theory of magmatic segregation, 
generally accepted for the form ation of 
other chromite deposits, is adopted, the 
igneous schists m ust have been in truded as a

1 F . E . K eep , op. cit. F i g . 6 . — C h r o m i t e  O u t c r o p  o n  D e p o s i t  N o . 3.
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symmetry of the deposits would be prohibited 
by many factors, among which are : The
uneven formation of the intrusive magma, 
with consequent unequal rates of cooling ; 
uneven bedding, upon which the chromite 
crystals, descending through the molten 
magma would come to rest ; subsequent 
additional intrusions of magma into the 
liquid prim ary magma during the chromite 
crystallization period, which by disturbing 
the eutectic conditions both as regards 
composition and tem perature, would result 
in interruptions in the segregation of the 
chromite. This last factor would tend to 
cause the formation of parallel deposits 
separated by magma solidified by the cold 
exterior rocks during the tim e taken for the

The nature of the igneous rocks has already 
been dealt with, bu t an interesting feature 
in connexion therew ith is the presence in 
the talc schists of short, thick lenses of much 
decomposed amphibole asbestos, which is 
also well developed in certain places on the 
hanging-wall side of the chromite lenses, 
where it attains as much as 1 ft. in 
thickness.

Considerations of the possibility of the 
extension of the deposits to  depth m ust be 
based upon the mode of origin, and in the 
ensuing discussion the theory of magmatic 
segregation, the details of which have been 
given, is adopted.

Continuation _ of the Chromite Deposits to 
Depth.—Exploration of the deposits at

F i g . 7 . — N a t i v e  L a b o u r e r s  e n g a g e d  o n  t h e  d e v e l o p m e n t  o f  t h e  C h r o m i t e  D e p o s i t s .

re-establishing of the eutectic conditions 
necessary for the crystallization of the 
chromite.

It is evident th a t considerable distortion 
of the deposits has occurred since their 
formation. Certain exposures show folding, 
following the folding of the igneous schists, 
whilst minor faulting is frequent, both 
lateral and vertical displacements of a few 
feet being displayed in the deposits. The 
shattered state of certain of the lenses may 
have been caused by the expansion of the 
igneous schists accompanying their decom­
position, or to more general and violent 
movement, entailing the bending of the 
entire series, during subsequent disturbances. 
The chromite-talc contact faces are highly 
polished and indicate considerable differential 
movement between the chromite and the 
wall rocks.

depth has been curtailed by the shallowness 
of the water table. W ater was struck in 
No. 2 deposit a t a depth of 50 ft., at which 
level several tunnels and adits were driven 
through the deposit, proving the widths 
of the lenses to differ considerably from the 
corresponding surface dimensions, but to 
m aintain an average equal to the average 
of the surface widths. No underground 
work has yet been undertaken with the 
two other deposits.

The depth of the deposits will be less than 
the original depth by the amount of mineral 
th a t has been weathered away and lost. 
Owing to  the hardness of the chromite and 
the softness of the surrounding talc-schists, 
weathering has taken place by the out­
cropping and breaking off of boulders of ore. 
All of the deposits are surrounded and 
covered with large tonnages of detached
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boulders of chromite, but taking into account 
the large size of the outcrops, this detrital ore 
represents the  denudation of only a few feet, 
and points to  the fact th a t the deposits have 
been recently exposed.

Following the theory th a t the deposits are 
m agm atic segregations, it is not unreasonable 
to  suppose th a t the  lateral dimensions of 
the deposits are equal. I t might be assumed 
th a t the depth of the deposits is qual toe 
the exposed lengths, and it m ay even be

found, if the whole length of the  deposits 
has not yet been exposed, th a t the total 
length and depth of the deposits m ay be in 
excess of the exposed lengths. For such 
lenticular deposits the estim ation of tonnages 
is far from easy. Including detrital ore, 
about 80,000 tons of chrom ite has been 
proved, bu t there is little  doubt th a t beneath 
the  surface m any times this tonnage of 
chromite is awaiting development and 
exploitation.

NOVEL FEATURES OF A NEW COPPER REFINERY
By W. M. GOO DW IN

In this article the  author gives details of some of the new equipm ent of the  C anadian  C opper R efiners a t M ontreal East.

The la test electrolytic copper refinery to 
come into operation is th a t of Canadian 
Copper Refiners, Limited, a t Montreal, 
Canada. The tanks were filled early last 
Spring, slightly less than a year after the 
first sod was turned, and for some m onths 
the plant has been turning out copper, gold, 
and silver regularly, its capacity being
75,000 tons of copper yearly. The slimes 
plant is disproportionately large as there is 
much more than  the usual am ount of gold, 
silver, tellurium, and selenium in the blister 
copper from Noranda, Quebec, the chief 
source of supply.

Canadian Copper Refiners is owned by 
three companies, Noranda Mines, Nichols 
Copper Company, and British Metal Corpora­
tion. The p lan t was built and is operated 
by Nichols Copper Company and in both 
phases the advantage of this close connexion 
with a well-established refinery staff is 
clearly evident. Nevertheless only a handful 
of the present employees have been brought 
from the refineries in the United States, 
practically the whole of the operatives 
having been hired locally and trained on 
the spot. The company has already branched 
out into the fabrication of copper, having

acquired a  substantial in terest in the new 
rolling-mill of Canada W ire and Cable 
Company, which adjoins the refinery.

The refinery is modelled essentially upon 
the plants built recently by the Nichols 
Copper Company in the U nited States, but 
there are a num ber of features th a t distinguish 
it, some of which m ark advances in refinery 
practice. These will be described briefly. 
The ground plan of the p lant, indicated in 
Fig. 1, perm its the whole operation to be 
carried out under one roof—a concession to 
the Canadian winter. The section, Fig. 2, 
in conjunction w ith the plan, shows how 
provision has been made to  double the 
capacity by extending the 60 ft. bays which 
flank the central 24 ft. bay  containing the 
solution pum ps and furnaces.

The novel arrangem ent of the floor in 
the tank  house 18 inches below the top of 
the tanks, as illustrated  in Fig. 2, has 
already proved its u tility  by affording* ready 
access to  the tanks and easy inspection. 
The commercial cells, 432 in number, are 
16 ft. 7 in. by  3 ft. 1 \ in. and 4 ft. l j  in. deep, 
w ith 5 in. concrete walls, lined with 8 lb. 
6% antim onial lead. The bus bars are 
13 | in. by  3 in. in section and are the largest
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F i g . 2 . — C r o s s - S e c t i o n  o f  t h e  T a n k  H o u s e  : N o t e  p o s i t i o n  o f  f l o o r  a n d  o f  p o r t a b l e  c a t h o d e -
w a s h i n g  M A C H IN ES.

now in use, having been rolled from 5,500 lb. 
castings 10 ft. 6 in. by 22 in. made at Laurel 
Hill. The tanks are designed for a current 
density of 17 amperes per square foot. The 
basement beneath the tanks presents a 
rather unusual appearance as it has 7 ft. 
minimum headroom and practically a clear 
floor except for gutters in the concrete 
leading to  a sump. “ Weep holes ” a t 
18 in. centres in the concrete bottom s of 
the tanks provide the means of detecting 
immediately and locating accurately leaks 
in the lead lining.

The portable cathode washing machines 
illustrated in Fig. 3 constitute an experiment 
tha t has been proved highly successful. 
They run on broad-gauge tracks, straddling 
the narrow-gauge tracks th a t serve the whole 
plant, in the central aisle of the tank  house 
and are placed a t the ends of the tanks from 
which finished cathodes are to be discharged. 
In place of the dripping cathodes being

carried lengthwise of the building to a 
stationary washing tank, the maximum 
distance required in this case is 50 ft. The 
device is essentially a lead-lined steel box 
on wheels fitted with conveyor chains on 
which the cathode suspension bars rest. 
A rack of 21 cathodes is lowered on to these 
chains a t the receiving end and carried 
forward a t a rate of 3f ft. per m inute through 
the central sprayer section, where water 
sprays from above and strong jets from the 
sides impinging on the sheets and loops 
remove all acid and sulphate. At intervals 
along the floor of the aisle are 2 \  in. hydrant 
connexions for the incoming wash-water and 
6 in. connexions for the discharge, connected 
by hose to the machine. At the discharge 
end the bottom , protected by overlying 
rails, slopes upward so th a t the cathodes 
gradually assume a position near the 
horizontal and Anally drop in succession in 
a pile on a cathode car beneath.

F i g . 3 . — C a t h o d e - W a s h i n g  M a c h i n e .
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The slimes departm ent has the usual 
flow-sheet w ith the exception of a provision 
to cope with the unusual am ount of selenium 
and tellurium  derived from the Noranda ore, 
a considerable proportion of the high gold 
values in th a t ore occurring, apparently, as 
tellurides with associated selenides. 'he 
slimes, after roasting, are pu t through a 
caustic potash leach to remove these 
impurities, in addition to the usual acid 
leach. At present the comparatively large 
amounts of selenium and tellurium  are 
run to waste, due only to the lacx of 
an adequate m arket.

The anode furnace is small (100 tons 
capacity) as the Noranda copper is cast as 
anodes at the smelter. All furnaces are 
fired with fuel oil piped from an adjoining 
oil refinery. The wire bar furnace, illustrated 
in Fig. 4, is of the usual type. The bottom  
consists of 24 in. of silica brick upon 12 in. 
of firebrick, resting on a cement foundation 
without air or water cooling. The side-walls 
and bridge-wall are of magnesite brick to

two courses above the m etal line and firebrick 
from there up to the arch, except a t the 
poling end, where the magnesite brick is 
carried up to the roof. The main roof 
arch is 18 in. thick, of silica brick. The 
firebox is entirely of firebrick. The verb 
a t the poling end is of chrome brick, as well 
as two courses above the poling door. The 
•uling dimensions are shown in Fig. 4. The 
iurnaces are served by a Morgan floor-type 
charging ‘machine, the arm of which has been 
furnished with a parallel link connexion to 
keep the “ peel ” and its load of cathodes 
level in all positions.

The new refinery is running smoothly in 
all essential respects. As it has been built 
w ith the greatest possible economy consistent 
w ith equipment of the best quality, and as 
it enjoys a number of advantages with 
regard to its location, its sources of supply 
and its facilities for marketing, it promises 
to constitute a highly profitable investment 
for its owners.

THE ESTIMATION OF ANTIMONY AND ARSENIC
By J. E. CLENNELL, B.Sc., A.I.M.M.

('Concluded from. September issue, page 153)

E x p e r im e n t a l  R e s u l t s .

Standardization of the Permanganate on
Metallic Antim ony.—The perm anganate used 
in the m ajority  of the tests detailed below 
was approxim ately decinormal, viz. 1 cc. =
5-577 mgm. Fe or (theoretically) 1 cc. =
6-080 mgm. Sb.

Pure finely divided antim ony was taken, 
the results being as follows :—

KMnCq
Test A ntim ony  H 2S 0 4 HC1 required lcc. K M n04 
No. mgm. cc. cc. cc. =m gm. Sb
1 200 15 2 32-9 6-08
2 200 17 15 32-9 6-08

A ttem pts to  use larger quantities of 
antimony were not very satisfactory. A
white crystalline precipitate appeared on 
cooling the H 2S 0 4 solution, which dissolved 
on dilution to a clear liquid. On adding 
K M n04, however, a white tu rb id ity  again

Test Sb. h 2s o 4 HC1 Water
K M n 0 4

required
No. mgm. cc. cc. cc. cc.
3 500 22* 15 250 81-82
4 500 25 15f 250 80-7

appeared, making the end-point doubtful. 
This turbidity  did not entirely dissolve in 
HC1, nor in H 2S 0 4 of which additional 
quantities were added during the titra tion . 
The results obtained are given below.

Influence of Iron on the Titration of 
A ntimony.—All previous investigators1 appear 
to  have assumed th a t the whole of the iron 
present would be in the ferrous state after 
solution in H 2S 0 4 under the conditions of 
the test and would consequently be titra ted  
along with the antim ony by permanganate. 
If this were the case, the necessary correction 
could be made by a  separate determ ination 
of the iron in the same or in another portion 
of the sample. The following tests, however, 
show th a t these assumptions are incorrect. 
Nearly the whole of the iron is converted 
to the ferric state, whatever may have been 
its original condition and, consequently, the

1 cc. KMnOa
= mgm. Sb.

6-17-6-10 
6-20

* Test No. 3. 17 cc. H 2S 0 4 in  dissolving ; 5 cc. in  titra tio n .
|  Test No. 4. 5 cc. HC1 before, 10 cc. during  titra tio n .

1 E xcep t A. H. Low (loc. c it., p. 33).
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presence of iron causes only a slight error 
in the titration.

Test No. 1.—200 mgr. pure antim ony 
and 138 mgr. pure iron wire were dissolved 
together in 17 cc. conc. H 2S 0 4. The 
antim ony dissolved before the iron and finally 
the H 2S 0 4 solution contained a dense 
yellowish precipitate, which, however, 
dissolved on dilution, addition of HC1, and 
heating nearly to boiling. The reagents 
added were 15 cc. conc. HC1 and* 220 cc. 
water, making a to ta l volume of about 
250 cc. After cooling, this required 33-1 cc. 
K M n04, equivalent to  201-25 mgm. Sb. 
Assuming th a t 32-9 cc. K M n04 was required 
for titra tion  of the antimony, the remainder, 
0-2 cc., corresponds to the ferrous iron 
present and represents 1-11 mgm. or about 
0-8% of the to ta l iron.

Test No. 2.—200 mgr. pure antim ony and 
718 mgr. ferrous ammonium sulphate were 
dissolved in 17 cc. conc. H 2S 0 4. The 
m ixture dissolved rapidly, forming a 
yellowish white precipitate. 15 cc. conc. 
HC1 and 220 cc. of water were added, and 
cooled. This required 33-3 cc. K M n04, 
corresponding to 202-5 mgm. Sb. Assuming 
the ferrous ammonium sulphate to have 
contained 102-24 mgm. Fe, the excess 0-4 cc. 
K M n04 corresponds to  2-23 mgm. ferrous 
iron or 2T8% of the total.

Test No. 3.—300 mgm. of powdered ferrous 
sulphide (FeS), w ithout addition of antimony, 
was boiled with 17 cc. conc. H 2S 0 4, forming a 
white tu rb id  liquid. This was finally diluted 
w ith  15 cc. HC1 and 220 cc. water and 
required 1-1 cc. K M n04, corresponding to
6-13. mgm. Fe. Assuming 300 mgm. of 
FeS to contain 190-5 mgm. Fe, this would 
indicate th a t 3-2% of the to ta l iron was 
finally present in the ferrous condition.

Test No. 4.— 250 mgm. iron filings, w ithout 
addition of antimony, was boiled w ith 17 cc. 
conc. H 2S 0 4 and treated  as in Test No. 3 
and it required 0-6 cc. K M n04, corresponding 
to  335 mgm. Fe, indicating th a t 1-34% of 
the iron was finally in the ferrous condition 

Test No. 5.—300 mgr. of a sample of Rio 
Tinto iron pyrites was treated  as in Test 
No. 3. The m aterial had the following 
composition.

Iro n  . 40-90% L ead . . 1-23%
Sulphur . 46-46% Insoluble . 2-14%
Zinc . 2-02% W a te r .  . 1-09%
Copper . 1-54%

A yellowish-white emulsion was formed, 
which dissolved, on dilution and heating, 
to  a clear deep yellow solution, w ith a small

whitish residue. This required 0-8 cc. 
K M n04, corresponding to  4-5 mgm. ferrous 
iron, or 3-65% of the to ta l iron present.

Summary of Results on Influence o f Iron.
Added Form in  which Per cent of

Test Fe. Sb. i r o n  w a s  originally Total Iron 
No. mgm. mgm. present. fin a lly  as Fe".

1 138 200 pure  iron  w ire 0-8
IF erro u s am -t

-m n n i n m V102-2 200
am - i 

m  o n  i u m , 
I su lp h a te

3 190-5 —  Ferrous Sulphide
4 250 —  Iro n  F ilings
5 122-7 —  F erric  Sulphide

2 - 1 8

3 - 2
1-34
3-65

M ean 2-23%

I t is evident th a t the assay cannot be 
corrected by a determ ination of the total 
iron, but for rough purposes, the presence 
of even a considerable percentage of iron 
m ay be safely ignored.

I n f l u e n c e  o f  O t h e r  F o r e ig n  M eta ls  
o n  t h e  T it r a t io n  o f  A n t im o n y .

Test No. 1.—The following were dissolved 
together in 17 cc. conc. H 2S 0 4 :—

P ure  an tim o n y  . . . .  200 mgm.
• P ure  g ranu la ted  t in  . . 50
P u re  lead foil . . . 50
P\ire copper foil . . . 50 ,,

This m ixture dissolved to  a clear green 
liquid' which, after cooling, was diluted with 
220 cc, of w ater and 15 cc. HC1. This 
required 33 cc. K M n04, corresponding to
200-64 mgm. Sb, or an excess of 0-32% over 
the theoretical am ount. The lead sulphate 
formed a slight tu rb id ity  in the diluted 
solution.

This test shows th a t the titra tion  of 
antim ony is not affected by the presence of 
tin, lead and copper in the proportions used.

Influence of Bismuth.
Test No. 1.—200 mgm. of pure metallic 

bism uth, finely ground, was dissolved by 
heating w ith 17 cc. conc. H 2S 0 4. A white 
precipitate formed a t first, which later 
dissolved to a clear colorless liquid. On 
cooling, a crystalline precip itate separated, 
which dissolved completely in water. 15 cc. 
conc. HC1 and 220 cc. w ater were added. 
The addition of K M n04 gave an immediate 
colour, showing th a t bism uth has no reducing 
effect.

T est No. 2.—200 mgm. of pure antimony 
and 200 mgm. of pure bism uth were dissolved 
together in 17 cc. conc. H 2S 0 4 and treated  as 
in Test No. 1. Required 32-8 cc. K M n04, 
corresponding to 199-4 mgm. Sb, showing
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that the presence of bism uth has practically 
no effect on the titration .

Influence of Copper.—As th e  statem ent 
had been th a t copper in large quantity  
interferes with the titra tion  of antim ony by 
this method, this point was specially 
investigated. A fresh perm anganate solution 
was used. This was standardized on 
antimony as follow s:— 150 mgm. pure 
antimony, dissolved in 17 cc. conc. H 2S 0 4, 
diluted with 160 cc. water and 15 cc. conc. 
HC1 required 24-9 cc. K M n04 or 1 cc. 
K M n04 =  6-024 mgm. Sb.

Test No. 1.— 1-2 gm. copper sulphate, 
containing about 300 mgm. Cu was 
dissolved, together with 150 mgm. antimony, 
in 17 cc. conc. H 2S 0 4. After boiling, a 
whitish residue remained, which dissolved 
to a green solution on diluting. After cooling, 
this was diluted with 220 cc. water and 15 cc. 
conc. HC1 and required 24-9 cc. K M n04, 
equivalent to 150 mgm. Sb, showing tha t no 
interference was caused by the presence of 
copper amounting to double the amount 
of the antimony.

Attem pts to dissolve relatively large 
amounts of metallic copper, as foil, in 
presence of antimony were unsatisfactory, 
as prolonged boiling and fresh additions of 
H£S 0 4 were necessary and the final solution 
gave no definite end-point. Unsatisfactory 
results were also obtained by dissolving in a 
mixture of H 2S 0 4 and H N 0 3, the titra tion  
of the antimony showing a very low result.

1 est No. 2.— 200 mgm. of pure antimony 
was dissolved by heating with 17 cc. conc. 
H2S 0 4. After cooling, the solution was 
poured into 100 cc. water containing 4 gm. 
copper sulphate (i.e., about 1 gm. Cu) in 
solution. After cooling, 15 cc. conc. HC1 
and 120 cc. water were added, and the whole 
titrated. The end-point was shown by a 
violet colour in the green solution, with 
33-5 cc. K M n04, corresponding to 203-7 
mgm. Sb.

This test shows th a t copper in very large 
excess has some effect on the titration, in 
increasing the apparent amount of antimony. 
In the above case, the amount of copper was 
approximately 5 times th a t of the antimony.

R e l a t i o n  B e t w e e n  t h e  I r o n  a n d  
A n t im o n y  S t a n d a r d s  o f  P e r m a n g a n a t e .  
—The solution used in the foregoing tests 
was standardized on ferrous ammonium 
sulphate as follows:—1-1052 gm., repre­
senting 157-38 mgm. Fe was dissolved in 
dilute H 2S 0 4. This required 28-1 cc. 
K M n04, hence

1 cc. K M n04 =  5-601 mgm. Fe, or 1-003

Two antimony standards were made, at 
an  interval of about a month, using in each 
case 200 mgm. pure antimony, 17 cc. conc. 
H 2S 0 4, 15 cc. conc. HC1 and 220 cc. water, 
the results being :

K M n O i I cc. KM nOn Factor
required =  mgm. Sb. Fe x  /  =  Sb.

32-8 6-098 / =  1-089
32-9 6-079 / =  1-085

The theoretical factor, based on the atomic 
weights Sb =  121-77, Fe =  55-84 is 

Fe X 1-0903 =  Sb.
A. H. Low (Technical Methods of Ore 

Analysis (1911), pp. 29, 30) gives Fe x  1-075 
=  Sb, based on Sb =  120-2 and Fe =  55-9. 
The experimental figure corresponds more 
closely with the newer atomic weights.

E f f e c t  o f  V a r y in g  H y d r o c h l o r ic  A c i d .

Series No. 1.—In each of the following 
tests 200 mgm. of pure antimony was 
dissolved in 17 cc. of conc. H 2S 0 4. The 
solutions were acidified with varying 
quantities of conc. HC1, as shown later, and 
diluted to  a constant volume of 250 cc. 
In  Test No. 1, a white turbid ity  occurred 
after adding K M n04, which rendered the 
end-point somewhat doubtful. In  the other 
tests the solution remained clear throughout 
and the end-point was quite sharp.

Assumed standard : 1 cc. K M n04 =  6-098 
mgm. Sb.

Conc. HCl K M n O t
Test added required Sb. found
No. cc. cc. mgm.

1 5 32-3 197-0
2 10 32-7 199-4
3 15 32-8 200-0
4 20 32-8 200-0

Series No. 2.—-In each of the following 
tests 200 mgm. of pure antimony was 
dissolved in 15 cc. conc. H.,S04. After adding 
conc. HC1 as shown below the solutions 
were diluted to a constant volume of 100 cc. 
In  the absence of HC1, no definite end-point 
was obtained. In  Test No. 2, with 1 cc. the 
end-point was uncertain.

Assumed standard : 1 cc. K M n04 =  6-079 
mgm. Sb.

Conc. H C l K M n O t
Test added required Sb. found
No. cc. c.c. mgm.

1 0 ? ?
2 1 32-8-33 1 199-4-201 •:
3 2 32-8 199-4
4 3 32-9 200-0
5 4 32-95 200-3
6 5 32-9 200-0
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These tests show th a t a certain minimum 
of HC1 is necessary for a satisfactory titration, 
bu t th a t increase of HC1 beyond this point 
has little or no effect within reasonable 
limits.

Test in which HCl was Added only at End  
of Titration.—This was made in im itation 
of the m ethod suggested by Thibault 
(previously mentioned). 150 mgm. pure 
antim ony was dissolved in 17 cc. conc. 
H 2S 0 4 and diluted with 220 cc. water. The 
solution was nearly clear, bu t gave a white 
tu rb id ity  on addition of K M n04. A fter 
20 cc. of K M n04 had been run in, the 
solution was cleared by adding conc. HCl 
drop by drop w ith stirring, and the titra tion  
then completed. 24-3 cc. K M n04 were 
required, representing 148-2 mgm. Sb., 
assuming 1 cc. K M n04 =  6-098 mgm. Sb.

A ttem pts to  substitute tartaric  acid for 
HCl were unsuccessful. The solution 
remained clear throughout the titration, 
a slight brown colour showing a t first, 
which disappeared later, but a very large 
am ount of K M n04 was consumed and the 
end-point was quite indefinite, the colour 
fading almost immediately.

E s t i m a t i o n  o f  A n t i m o n y  i n  S t i b n i t e . —  
The m aterial used gave the following 
analysis :—

A ntim ony (Sb) . . . .  65-6%
S ulphur ( S ) ....................................................28-2%
Iron  ( F e ) ...................................................... 2-45%
"  Insoluble ” and  undeterm ined  . 3-75%

100-00

Antimony in this analysis was determ ined 
by the iodide-thiosulphate m ethod as 
detailed later.

The following tests were made by the 
sulphuric acid-permanganate m ethod, the 
m aterial for assay being crushed to  pass 
60-mesh.

Test No. 1.—250 mgm. of the stibnite  
was heated in a boiling tube with 15 cc. 
conc. H 2S 0 4. A yellowish white turbid  
liquid was formed, which finally became 
clear. Some sulphur volatilized and 
condensed in the upper part of the tube. 
After cooling, the contents were washed out 
w ith 30 cc. water, cooled, 2 cc. conc. HCl 
added, and further diluted with water to a 
to tal volume of about 100 cc. Solution 
required 27-1 cc. K M n04. Assuming 1 cc. 
K M n04 =  6-08 mgm. Sb, this represents 
164-77 mgm. Sb or 65-9%.

Test No. 2.—280 mgm. of stibnite was 
heated with 17 cc. conc. H 2S 0 4, boiled until

a clear solution was obtained, cooled, diluted 
to a to ta l volume of about 250 cc., with 
addition of 15 cc. conc. HCl. Required
30-2 cc. K M n04, representing 183-62 mgr. 
Sb, or 65-58%. ,

Test No. 3.—This was m ade on a sample 
of nearly pure antim ony sulphide. The 
m aterial was in the form of a fine black 
powder. 280 mgm. was dissolved in 17 cc. 
conc. H 2S 0 4 and trea ted  exactly as in 
Test No. 2. Required 33-1 cc. K M n04 =
201-25 mgm. Sb, or 71-87%. [Theoretical 
for Sb2S3 =  71-7%.]

No allowance for the interference of iron 
was made in any of the above 3 tests. The 
results show th a t antim ony may be 
determ ined in com paratively pure specimens 
of the native sulphide, the assay closely 
approxim ating th a t obtained by the usual 
m ethod as given here :—

Check Estimation of Antim ony in  Stibnite 
by the I  odide-T hiosulphate Method.—500 
mgm. of the same sample of Stibnite that 
was used in Tests 1 and 2 above was dissolved 
in 25 cc. conc. HCl w ith  addition of 3 gm. 
solid iodine. After dilution, the excess of 
iodine was expelled by prolonged boiling. 
A fter further dilution, the liquid was made 
strongly alkaline w ith NaOH and H 2S passed 
in ; the hot solution was then filtered and 
the residue (A) washed w ith hot water. 
The residue was further trea ted  as shown 
later (see A). The filtrate was acidified 
w ith HCl, warmed, filtered, and  washed 
with hot w ater. This filtrate (B) was further 
treated  together w ith the residue A.

The residue, consisting of the bulk of the 
Sb2S3, was dissolved in HCl w ith addition 
of 0-5 gm. KC103, diluted to  150 cc., boiled 
for half an hour w ith further additions of 
HCl, diluted, cooled, about 3 gm. KI added 
and titra ted  w ith standard  sodium thio- 
sulphate.

Required 71-7 cc., equivalent to 326-25 
mgm. Sb, or 65-39% Sb, assuming I cc. thio- 
sulphate =  4-76 mgm. Cu. =  4-56 mgm. Sb.

(A).—The residue A was dissolved in hot 
dilute HCl and the solution mixed with the 
filtrate (B). On adding HNOa there was an 
evolution of iodine. The solution was 
therefore further trea ted  for separation of 
iron and elim ination of excess iodine, and 
the liquid finally titra ted  w ith KI and 
thiosulphate. 0-25 cc. was required, repre­
senting 1-84 mgm. Sb, or a to ta l of 328-09 
mgm., representing 65-62% Sb.
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Summary of Results on Estimation of Antimony in  Sulphides
A m ount Sb. present

taken theoretical Sb. found
Sample mgm. mgm. % Method, mgm. %
S tibn ite 250 164-05 65-62 KMnO„ 164-77 65-9
S tibn ite 280 183-74 65-62 183-62 65-58
P ure  SbjS3 280 200-76 71-70 201-25 71-87
S tibn ite 500 328-09 65-62 N a2S2Oa Standard .

Influence of Mineral containing Iron on the 
Titration o f Antim ony in  Stibnite.—300 mgm. 
of stibnite and 200 mgm. of Rio T into iron 
pyrites (40-9% Fe) were dissolved together 
in 17 cc. conc. H 2S 0 4, cooled, and diluted 
with 220 cc. water and 15 cc. conc. HC1. The 
turbid solution became clear on dilution 
and warming. Required 32-7 cc. K M n04 =  
198-8 mgm. or 66-26% Sb. [If 0-55 cc. be 
deducted, as representing the reducing power 
of 200 mgr. of the pyrites, then 32-15 cc. 
K M n04 represents 195-44 mgr. or 65-15% Sb.]

T i t r a t i o n  o f  A n t i m o n y  O r i g i n a l l y  
P r e s e n t  i n  t h e  A n t i m o n i c  C o n d i t i o n . —  
I t is evident from the reaction th a t all 
antimony titra ted  by perm anganate must 
be in the antimonious condition ; any th a t 
is originally in the antimonic sta te  m ust be 
reduced to the antimonious condition.

For this investigation, antim ony pentoxide 
Sb20 5, was prepared by evaporating pure 
antimony with conc. HNOs. The dry 
residue was then gently ignited over a bunsen 
burner or a t the m outh of a muffle until 
no further red fumes were evolved, the 
product being a yellow powder.

Test No. 1.—270 mgm. of antim ony 
pentoxide was boiled with 17 cc. conc. 
H 2S 0 4. A white emulsion was produced 
which was not cleared on ' dilution with 
15 cc. conc. HC1, and 220 cc. water, nor 
did it become clear on warming. After 
cooling 8-9 cc. K M n04 were required, 
apparently representing 54-3 mgm. Sb in 
the antimonious state, out of a to tal of 
203-2 mgm. theoretically present (assuming 
Sb20 5 =  75-27% Sb).

Test No. 2.—For comparison, 250 mgm. 
of antimonious oxide (Sb20 3) containing 
theoretically 208-85 mgm., or 83-54% Sb, 
was dissolved and titra ted  as in Test No. 1. 
The solution was slightly turbid, bu t cleared 
on dilution. Required 34-4 cc. K M n04 =  
209-12 mgm., or 83-65% Sb.

[An attem pt to  reduce the antimony 
pentoxide by adding 0-5 gm. tartaric  acid 
to the H 2S 0 4 used in dissolving was not 
successful ; much charring took place and 
the m ixture remained brownish even after 
long boiling. The end-point with K M n04

was uncertain, owing to this colour, and much 
too high.]

Test No. 3.—300 mgr. of antimony 
pentoxide ( =  225-8 mgm. Sb) and 500 mgm. 
of pure granulated tin were dissolved 
together in 17 cc. conc. H 2S 0 4, a clear 
colourless solution being obtained. After 
cooling and diluting with 15 cc. conc. HC1 
and 220 cc. water, this required 34-8 cc. 
K M n04 =  212-2 mgm. Sb, showing tha t 
most of the Sb had been reduced to the 
antimonious condition, presumably by the 
nascent hydrogen or sulphur dioxide evolved 
from the tin.

Test No. 4.—300 mgm. of antimony 
pentoxide and 1 gm. of pure granulated 
tin were dissolved and titra ted  as in Test 
No. 3. Required 37-0 cc. K M n04 =  225-6 
mgm. Sb, showing practically complete 
reduction.

Antimony in the antimonic condition (at 
least in the form of the higher oxide) may 
thus be quantitatively reduced to the 
antimonious state by boiling with conc. 
H 2S 0 4 and metallic tin, the excess of tin 
having no influence on the permanganate 
titration. The m ethod would probably not 
be applicable in presence of iron as the 
la tter would be, partly  a t least, reduced to 
the ferrous state.

T i t r a t i o n  o f  A r s e n i c  b y  t h e  S u l p h u r i c  
A c i d - P e r m a n g a n a t e  M e t h o d ,  a n d  
I n f l u e n c e  o f  A r s e n i c  o n  t h e  T i t r a t i o n  
o f  A n t im o n y .—Arsenic appears to behave 
in this reaction precisely in the same way 
as antimony. After dissolving in conc. 
H 2S 0 4, all the arsenic is in the arsenious 
condition and is converted to the arsenic 
state by titra tion  with permanganate, in 
accordance with some such reactions as the 
following :—

(1) 2As +  3H2S 0 4 =  2As (OH)3 +  3S02.
(2) 5As(OH)3 +  2K M n04 +  3H2S 0 4 +
2 H ,0  =  5As(OH)5 +  K 2S 0 4 +  2M nS04

according to which 2K M n04 is equivalent 
to5A sor 1 gm. K M n04 =  1-186gm. As., hence 

Fe standard of K M n04 X 0-6712 =  As ;
1 cc. KMnCb 3-748 mgm. As, and Sb
standard of KMnCri X 0-6156 =  As.



216 TH E  MINING MAGAZINE

S t a n d a r d i z a t i o n  o f  P e r m a n g a n a t e  o n  
A r s e n i c  E l e m e n t . — 200 mgr. of pure finely 
ground elem entary arsenic was dissolved 
in 17 cc. conc. H 2S 0 4, cooled and diluted 
w ith 15 cc. conc. HC1 and 220 cc. water. 
During titra tion  with K M n04 a reddish 
brown colour appeared, which disappeared 
slowly on agitation and m ight have been 
m istaken for the end-point. The tru e  end­
point is, however, quite unm istakable and 
is m arked by a definite pink colour, which 
persists for some time. The same appearance 
of a brownish tin t occurred in all tests 
made on arsenic solutions in absence of 
antimony, bu t not when both  elements 
were present.

Required 53-4 cc. K M n04 or 1 cc. K M n04 
=  3-745 mgm. As.

This agrees closely with the figure 
calculated from the antim ony standard, 
namely :—

1 cc. K M n04 =  6-079 mgm. Sb =  6-079 x 
0-6156 or 3'742 mgm. As.

Assuming 1 cc. K M n04 =  5-601 mgm. Fe 
and the factor Fe x 0-6712 =  As, the 
standard should be 1 cc. K M n04 =  3-759 
mgm. As.

In  the following tests the experimental 
standard, .1 cc. K M n04 =  3-745 mgr. As has 
been used, unless the contrary is stated.

Tests on Arsenious Oxide (As20 3).
Test No. 1.— 150 mgm. of pure arsenious 

oxide was dissolved in 17 cc. conc. H 2S 0 4, 
cooled, poured into 100 cc. water, 15 cc. 
conc. HC1 added, then diluted with water 
to  a to ta l volume of about 250 cc. Required
31-1 cc. K M n04 =  116-5 mgm. As. 
(Theoretical contents of 150 mgm. As20 3 =  
113-62 mgm. As).

Test No. 2.—200 mgm. of pure antim ony 
and 150 mgm. of arsenious oxide were 
dissolved together in 17 cc. conc. H 2S 0 4 and 
treated  exactly as in Test No. 1 . Required 
63-4 cc. K M n04. Assuming th a t 200 mgm. 
Sb require 32-9 cc. of K M n04, then 150 
mgm. As20 3 consume 30-5 cc., or 30-5 x
3-745 =  114-2 mgm. As (Theor. 113-62).

Test No. 3.— 100 mgm. pure antim ony 
and 100 mgm. arsenious oxide were dissolved 
in 17 cc. conc. H 2S 0 4 and treated  as in 
Test No. 1 . Required 36-8 cc. K M n04. 
Assuming th a t 100 mgm. Sb require 16-45 cc. 
K M n04 then 100 mgm. As20 3 require 
20-35 cc., equivalent to  76-2 mgm. As. 
(Theor. 75-75 mgm. As.)

Test No. 4 (duplicate of No. 3).—Required 
36-6 cc. K M n04. Assuming th a t 100 mgm.

Sb require 16-45 cc. K M n04, then 100 mgm. 
A s20 3 require 20-15 cc., equivalent to 75-46 
mgm. As.

Mean of Tests 3 and 4, 1 cc. K M n04 =  
75-83 mgm. As.

Test No. 5.—200 mgm. pure antimony 
and 100 mgm. arsenious oxide were dissolved 
together in 17 cc. conc. H 2S 0 4 and diluted 
with 15 cc. conc. HC1 and 220 cc. water. 
Required 53-8 cc. K M n04. Assuming 200 
mgm. Sb require 32-9 cc. K M n04, 100 mgm. 
As20 3 require 20-9 cc. =  78-27 mgm. As. 
(Theor. 75-75 mgm.)

Note.— In all bu t one of these tests, the 
am ount of arsenic found is somewhat 
higher than  theoretical. There is no evidence 
of any loss by volatilization or conversion 
to AsH3, nor of any oxidation to the arsenic 
condition during the dissolving process.

The results of the above 5 tests are 
summarized as follows :—

Quantities taken Found Per cent of
Test A s20 3 A s. Sb A s T  heoretical
No. mgm. mgm. mgm. mgm. A s. %.
1 1 5 0 1 1 3 - 6 2 — 1 1 6 - 5 1 0 2 - 5
2 1 5 0 1 1 3 - 6 2 2 0 0 1 1 4 - 2 1 0 0 - 5
3 1 0 0 7 5 - 7 5 1 0 0 7 6 - 2 1 0 0 - 6
4 1 0 0 7 5 - 7 5 1 0 0 7 5 - 4 6 9 9 - 6
5 1 0 0 7 5 - 7 5 2 0 0 7 8 - 2 7 1 0 3 - 3

Tests on Realgar.
Test No. 1.—300 mgm. of the finely ground 

native mineral was heated w ith 17 cc. conc. 
H 2S 0 4. E verything dissolved to a dark 
brown liquid, w ith a slight deposit of sulphur 
in the upper part of the tube. After cooling, 
the solution was poured into 50 cc. water, 
tube rinsed w ith 50 cc. water, cooled, 15 cc. 
conc. HC1 added, and  120 cc. water, to  a total 
volume of about 250 cc. Required 54-4 cc. 
K M n04 representing 203-73 mgm. or 67-91% 
As. [Theor. for A s2S2 =  70-1%.]

Test No. 2.—200 mgm. stibnite and 150 
mgm. realgar were heated  together with 
17 cc. conc. H 2S 0 4 and treated  as in Test 
No. 1 . A clear brownish solution was 
obtained in H 2S 0 4, which became slightly 
turbid  on cooling, bu t cleared again on 
dilution. Some sulphur separated. Required 
49-3 cc. K M n04. Allowing 21-5 cc. for 200 
mgm. of stibnite, the rem ainder 27-8 cc. 
represents 104-11 mgm. As in 150 mgm. 
realgar or 69-4% As.

Test on Arsemc Pentasulphide.
200 mgm., treated  as in Test No. 1 for 

realgar, gave a clear colourless solution, 
which required 22-1 cc. K M n04 =  82-76 
mgm., or 41-38% As. (Theoretical for 
A s .,S5 =  48-32% As.)
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Tests on Mispickel.
The sample used consisted of the nearly 

pure finely-ground mineral. A determ ination 
by the zinc oxide ignition m ethod [A. H. Low, 
loc. cit., p. 47, also “ Select Methods of 
Metallurgical Analysis,” Naish and Clennell 
(1929), p. 91] indicated 44-3% As. (using 
titration w ith K I and thiosulphate). 
Theoretical for FeAsS =  46-02% As.

Test No. 1.—300 mgm. mispickel was 
dissolved in 17 cc. conc. H 2S 0 4. This gave 
a whitish emulsion which, after cooling, was 
poured into 50 cc. water, 15 cc. conc. HC1 
added, and tube rinsed with 50 cc. water. 
On heating this m ixture nearly to  boiling, 
a clear yellow solution was obtained, with 
a little siliceous residue. A further 120 cc. 
water was then added, cooled, and titra ted . 
Required 32-2 cc. K M n04 =  120-6 mgm. =  
40-2% As. (a brownish colour developed 
during titra tion , as in other arsenical 
solutions).

Test No. 2.—300 mgm. mispickel was 
dissolved in 17 cc. conc. H 2S 0 4, cooled, and 
diluted w ith 220 cc. water and 15 cc. conc. 
HC1. The m ixture was titra ted  w ithout 
previous boiling and showed a whitish 
turbidity throughout, also a brownish tinge, 
the end-point being somewhat doubtful. 
Required 33-9 cc. K M n04 == 126-96 mgm. 
As. =  42-32% As.

Test No. 3.—200 mgm. mispickel dissolved 
in 17 cc. conc. H 2S 0 4 was diluted with 220 cc. 
water, heated just to boiling, whereby the 
solution became clear, with small siliceous 
residue, cooled to room tem perature, 15 cc. 
conc. HC1 added, cooled again and titra ted . 
Required 23-3 cc. K M n04 =  87-26 mgm. =  
43-63% As.

Test No. 4.—300 mgm. mispickel treated  
exactly as in Test No. 3 required 32-2 cc. 
K M n04 =  120-6 mgm. =  40-2% As. (result 
identical w ith th a t of Test No. 1).

Test No. 5.—300 mgm. mispickel treated  
as in Test No. 3, but as a small dark residue, 
apparently undecomposed m ineral remained 
after boiling with H 2S 0 4 and diluting, this 
was collected and boiled w ith a further 
quantity  of H.,S04. The united solutions 
required 32-5 cc. K M n04 =  121-7 mgm. =  
40-6% As.

Note.—These tests indicate th a t there is 
apparently some loss of arsenic a t some 
stage in the operation. As it was supposed 
tha t this m ight be due to  volatilization of 
AsCl3 on heating the diluted solution, the 
addition of HC1 was made only at the end 
of the operation in Tests 3, 4 and 5. The

percentage found was, however, only slightly 
increased.

Mean of the five tests =  41-39% As.
Tests on Mixtures of Stibnite and Mispickel.

As it had been found tha t 300 mgm. 
stibnite treated  as usual, required 32-.2 cc. 
K M n04 it is assumed in the following tests 
th a t 200 mgm. would require 21-5 cc.

Test No A .— 200 mgm. stibnite and 100 
mgm. mispickel were dissolved together in 
17 cc. conc. H 2S 0 4 to a whitish emulsion, 
cooled, poured into 50 cc. water, 15 cc. conc. 
HC1 added and the tube rinsed with 50 cc. 
water. On heating nearly to  boiling, a clear 
yellow solution with small siliceous residue 
remained. 120 cc. water was added, cooled 
and titrated. Required 31-8 cc. K M n04 =  
10-3 cc. representing 38-57 mgm., or 38-57% 
As. in the mispickel.

Test No. 2.—200 mgm. stibnite and 200 
mgm. mispickel dissolved and treated  as in 
Test No. 1 required 41-8 cc. K M n04 =  
20-3 cc. representing 76-02 mgm. As., or 
38-01% As in the mispickel.

Test No. 3.—200 mgm. stibnite and 200 
mgm. mispickel dissolved in 17 cc. conc. 
H 2S 0 4, diluted with 160 cc. water, heated 
just to boiling to  clear, cooled, 60 cc. water 
and 15 cc. conc. HC1 added, required 42-1 cc. 
K M n04 =  20-6 cc. representing 77-15 mgm. 
As, or 38-57%.

Mean of three tests, 38-38% As.
Note.—The result in presence of antimony 

appears to be still lower than in the case 
of mispickel alone. Further investigation is 
needed to elucidate the cause of these 
discrepancies. I t  is remarkable th a t no 
apparent loss of arsenic occurred in the 
treatm ent of elementary arsenic or of 
arsenious oxide. There may possibly be 
some volatilization as sulphide during the 
boiling with H 2S 0 4 as it was noticed tha t 
elementary sulphur frequently deposits in 
the upper part of the tube.

G e n e r a l  Co n c l u s io n s .

(1) Antimony and arsenic m ay be estimated 
by the sulphuric acid-perm anganate method 
with a fair degree of accuracy, not only in 
alloys but in sulphide ores such as stibnite' 
and realgar. In  the case of mispickel the 
results are somewhat low. When both 
elements are present, the titra tion  represents 
the combined equivalent of Sb and As.

(2) Tin, lead, bism uth, and copper in 
ordinary am ounts do not affect the titra tion  
and antim ony m ay be accurately estim ated 
in presence of these metals.
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(3) Iron affects the result only to a slight 
extent, as the  m etal is chiefly in the ferric 
state after solution in concentrated sulphuric 
acid.

(4) A certain m inim um  am ount of hydro­
chloric acid m ust be added before titration. 
Excess HC1 beyond this am ount does not 
appear to  affect the result.

(5) The degree of dilution, w ithin wide 
limits, has no influence on the result.

(6) Antimonic oxide (Sb20 5) m ay be 
reduced to  antimonious by solution in conc. 
H 2S 0 4 in presence of metallic tin  and the 
antim ony subsequently titra ted  by 
perm anganate.
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BOOK REVIEWS
The Scientific  F undam entals of G ravity  

C oncentration. By J o s e f  F i n k e y .  
Translated  by C. O. A n d e r s o n  and 
M. H. G r i f f i t h s .  Paper covers, 295 
pages, illustrated. Price $1. Bulletin 
No. 1, Vol. I I , School of Mines and 
Metallurgy, Rolla, Missouri.

Many books have been published which 
deal w ith the principles of gravity  concentra­
tion bu t never before has the subject been 
dealt with so scientifically, w ith such a 
consideration for ordered knowledge, and with 
such a display of th a t type of genius which is 
“ an infinite capacity for taking pains,” as 
in the present work. Exhaustive numerical 
examples and detailed m athem atical tre a t­
m ent have no terror for th e  author, 
the scientific fundam entals of gravity  con­
centration being examined and explained 
in detail. In this book, nearly three hundred 
pages of closely packed calculations are 
illustrated by well chosen diagram s and 
curves. There is something for all tastes, 
although the theorist is catered for 
particularly. The practical value of so much 
theory is vouched for by the fact th a t the 
considerable expenses of translation and 
publication have been undertaken by the 
Missouri School of Mines.

In the preface, the author sta tes th a t his 
work is “ not intended to supplant bu t to 
supplement ” other handbooks and tex t­
books. I t  is certainly a most valuable 
supplement. The work suffers from a defect 

• common in books of this nature, as no 
appendix is given to summarize the symbols 
and units used. This is all the more to be 
regretted in the present case as units are 
often used which are not often those m et 
w ith in ore dressing practice, and are not the 
fundam ental units of the m etric system 
(e.g. on page 46).

I t is interesting to note th a t even for ideal

conditions, m athem atical trea tm ent some­
times gives results which are contrary to 
experim ental facts. In  the more specific 
application of pure m athem atics to practical 
problems, the added difficulty of inaccurate 
assumptions complicates the  problem. For 
example, the use of riffles on shaking tables 
(page 264) has a definite effect on influencing 
stratification of the feed, quite apart from 
merely increasing the  coefficient of friction 
of the surface. In some roughing tables, 
the predom inant effect of the  riffles is to 
assist stratification and thus allow the added 
w ash-water to exert a transverse sluicing 
action on the m aterial between the riffles. 
Similarly, w hether finer classified products 
(page 276) contain “ less than  the average 
m etal content of the pulp ” , or not, depends 
on the relative friabilities of the  gangue 
mineral and the valuable mineral, and cannot 
be treated  as a general principle. On the 
other hand, the able m athem atical analysis 
of the laws underlying classification, jigging 
and tabling should be of the greatest value 
to research workers and experim entalists in 
these branches of ore dressing, particularly 
in the treatm ent of coal and non-metallic 
minerals. I t is interesting to  note that 
Professor T ruscott’s well-known text-book 
on ore dressing, published in 1923, appears to 
be unknown to the au thor of this work, to 
whom undoubtedly it would have been of 
the greatest assistance, particularly in 
connexion w ith points such as those just 
mentioned.

B. W. H o lm a n .
i

G eochem ische M igration der Elem ente,
und deren wissenschaftliche und wirt­
schaftliche Bedeutung erläu tert an vier 
M ineralvorkom m en: Chibina-Tundren— 
Smaragdgruben ; Uran-Grube Tuja- 
M ujun—W üste K arakum y. By Prof.
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Dr. A. F e r s m a n n . 1929, Teil I (mit 
22 Figuren im Text und 4 Tafeln mit 
11 Abbildungen) ; 1930, Teil II (mit 17
Figuren im Text und 8 Tafeln m it 20
Abbildungen). Halle (Saale) : Wilhelm 
Knapp.

The application of geochemistry to the 
fundam ental problems presented by rock- 
and mineral-complexes is fully dem onstrated 
in this treatise, which incorporates four 
substantial papers on (1) the nepheline-
syenite complex of Chibina, Kola Peninsula, 
(2) emerald mines in the Urals, (3) the
uranium -vanadium  mines of Tuja-Mujan, 
Turkestan, and (4) the sulphur deposits of 
the K arakum y Desert, Central Asia. Each 
of these papers engages principles which 
could redeem m any a manageable problem 
from the cockpit of competitive opinion. 
The first paper is wholly petrological ; the 
rest apply petrological methods to economics ; 
all are of the highest interest, and the first 
is brilliant.

(1) Prof. Fersm ann’s outlook is best 
exemplified by his in terpretative work on 
pegmatites associated with the Chibina 
complex, which presents parallels with 
Pilandsberg (Transvaal), Langesundfjord 
(Norway), Sierra de Monchique (Portugal), 
etc. From the wealth of field-observations 
and analytical data  (including analyses of 30 
rocks and 26 rare minerals) he draws many 
im portant conclusions, one of which is of 
special interest : W hereas early pre­
cipitations from granite-m agm a are 
melanocratic and (18, pp. 70-71) include 
both schlieren and segregations, the rest 
magma collecting upwards to produce leuco- 
cratic rocks ; the  early products from the 
Chibina nepheline-syenite magma were 
leucocratic, the later were melanocratic and 
included true pegm atites and “ banded ” 
facies. The implication therefore is th a t 
instead of the sinking of early mafic crystals 
we have the sinking of iron-rich rest-magma, 
from which “ banded ” products (p. 71) 
could arise.

The problem of the ultim ate origin of 
nepheline-syenite magma is reviewed in the 
light of Chibina data, which illumine, bu t 
do not solve it. I t  is unfortunate th a t in the 
rock-analyses “ CaO ” includes unspecified 
amounts of baryta and strontia, both of 
which appear to be concentrated in the rarer 
minerals.

(2) The emerald-zones are confined to two 
bands of crystalline schist between granite 
and a pyroxenite-dunite massif with a gabbro 
margin. The bands surround the granite,

which is traversed by veins of pegmatite, 
albitite, oligoclasite, and aplite. The 
emeralds are confined to  a hybrid biotitic 
marginal zone of albitic veins.

(3) The geochemistry of surface and 
therm al waters acting on K arst ground 
leads to the conclusion th a t the V20 & was, 
in part, derived from limestone and con­
centrated in residual “ terra  rossa ” ; in 
part, it was introduced metasomatically, 
with U 20 8, copper, and barium .

(4) The association of the sulphur with 
flint, concretionary opal, and chalcedony is 
shown to be directly related to climatic 
factors and geochemical processes peculiar 
to desert regions.

A. B r a m m a l l .

Copies of the books, etc., mentioned under the 
heading “  Book Reviews ” can be obtained 
through the Technical Bookshop of The M in in g  
M agazine, 724, Salisbury House, London, E .C .2 .

NEWS LETTERS
BRISBANE

August 18.
Work and Production at Mount Isa.—

Official statistics for Ju ly  from the Cloncurry 
field contain the first returns from the 
Mount Isa mine. These show th a t the 
bullion railed to the coast in June contained 
880 tons of lead, worth £10,189, and 70,754 
oz. of silver, valued a t £4,038. The consign­
m ents for Ju ly  contained 1,951 tons of lead 
of the value of £8,728 while the combined 
returns for the two months show th a t there 
was an average of 77 oz. of silver in each 
ton of bullion. The values are based on 
the average prices of the metals produced 
for each m onth. At the mill, up to Ju ly  31, 
there was treated 73,565 tons of ore, the 
concentrates from which totalled 15,189 tons. 
The local mining warden explains tha t 
owing to the fact th a t the smelter plant 
did not come into operation till some weeks 
after the mill had been started, as well as 
to the adjustm ents which had to be made 
to the plant subsequently, the figures in 
the return  do not show the real relationship 
between the quantity  of ore treated  and the 
yield of metals therefrom. A t the end of 
Ju ly  large quantities of concentrates were 
still held in the storage bins and, according 
to the report of the mining warden, returns 
for succeeding m onths should indicate a 
gradual increase in the quantity  of bullion 
produced. The ore treated  was obtained 
from the Black Star, the Black Rock, and 
the Rio Grande lodes. The production
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previously estim ated has been obtained 
w ithout difficulty and lead values have 
corresponded with the estimates. Owing 
to over production of ore required for the 
treatm en t plants, operations in the  Black 
Rock carbonate stopes were tem porarily 
suspended during Ju ly  and the supply of 
high-grade carbonate ore was drawn wholly 
from the Rio Grande section. The develop­
m ent of sulphide ore on the main haulage 
level in the Black Rock section was continued 
during Ju ly  by diamond drilling and driving. 
The main ore-body has been indicated to 
date over a length of 400 ft. and the foot- 
wall ore-body over a distance of 350 ft., 
with ore of average grade in the north and 
south ends of both lodes. On the main 
haulage level development work was 
continued in both the hanging-wall and 
foot-wall lodes, proving a continuation to a t 
least 200 ft. south of Lawlor’s shaft. At 
this point cross-cuts are being pu t down 
east and west in order to develop parallel 
lodes previously located by diamond drilling. 
An electrically-driven pum p w ith a capacity 
of 10,000 gallons a m inute has been installed 
for the purpose of returning the w ater from 
the tailings dam  to  the mill. This will 
adm it of a larger quan tity  of w ater being 
utilized and thus conserve the supply in 
the Rifle Creek dam.

C loncurry Copper.— In spite of the 
exceptionally low price still ruling for copper, 
considerable quantities of the  ore continue 
to be railed each m onth from the Cloncurry 
mineral field, N orth Queensland. In  Ju ly  
the consignments totalled 1,686 tons. As a 
result of reconstruction work carried out in 
relation to  the working on tribu te  of the 
Mount Oxide, Orphan, and D obbyn mines 
as a group, larger supplies of ore will in 
the future be regularly despatched from 
those leases. From  the Mount Oxide, 
owned by the Mount E lliott Company, 
there is being produced weekly 50 tons of 
ore, the copper contents of which range as 
high as from 30 to 48%, while a fair quan tity  
of 20% dum p ore is also being railed. At 
the Orphan mine, near the term inus of the 
Mount C uthbert railway, about 120 tons of 
14% m aterial is being mined each week 
and it is expected this quan tity  will be 
shortly increased to 200 tons. The tribu ters 
in the Dobbyn are operating on a lode 30 ft. 
wide, yielding a t present ore averaging 11% 
of copper. The privately owned Trekelano 
mine, near Duchess, is also on a lode 30 ft. 
wide, with no foot-wall, and is producing 
about 100 tons of ore weekly.

A ustralian Gold M ining. Reports by 
Governm ent officials subm itted to  a recent 
conference of S tate Prem iers on the question 
of relieving unem ploym ent indicate that 
there is in Australia a great field for capital 
and labour in gold mining. I t  is stated 
in one of these reports th a t the industry 
is now in as good a position as in 1914. 
The Victorian G overnm ent has assisted 8,000 
men to go out as gold seekers and other 
States are also doing much in the same 
direction. Federal experts have been busily 
engaged in m aking a  survey of possible 
fields of exploitation. I t  was pointed out 
a t the conference th a t the  use of electrical 
power would cheapen the cost as well as 
lessen the capital requirem ents and the main 
point resulting from the enquiries of experts 
is th a t by such use more fields could be 
exploited. New finds of gold in the different 
States continue to be reported, although no 
discoveries of a sensational natu re  have been 
made in the past m onth. In  both Queensland 
and Victoria there have been increased 
outputs of gold during the first seven months 
of the year. Stone estim ated to yield 
5 oz. of gold to  the ton is being mined at 
Haydon Hill, in the  Gardon district of 
Victoria, and very rich specimens have been 
obtained from another mine in the same 
locality. The ou tpu t of th e  W iluna mine, 
in W estern Australia, including the exchange 
premium, increased from £30,200 in May 
to £39,500 in June, notw ithstanding that 
continuous running of the power plant had 
not then been m aintained. I t  was expected 
th a t a steady power supply would be secured 
early in this m onth.

E xchange P rem iu m  on G old.—While 
the present ra te  of exchange is a severe 
handicap on those who have to  im port or 
consume commodities which cannot be, or 
are not, produced in this country, it is 
proving a boon to the gold-mining industry. 
As an instance, figuies supplied by the 
deputy  m aster of the Royal Mint a t Perth, 
W estern Australia, the largest producer of 
gold among the S tates of the Commonwealth, 
show th a t a  substantial am ount has been 
paid, chiefly to the gold-mining industry, 
as the result of the operations of the high- 
ruling ra te  of exchange on purchases of gold 
in Australia. The figures cover the year 
1930 and the first six m onths of the current 
year. In th a t period £191,428 was paid as 
exchange prem ium s through the Perth 
m int on behalf of the various banks and 
approxim ately £175,185 was paid to  the 
banks otherwise than through the mint.
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In the Financial Emergency Bill, which has 
just become law, an am endm ent was made 
providing for a sliding scale of paym ents, 
falling as the exchange drops, so, th a t when 
the rate returns to par the full bounty of 
£1 an ounce will be restored. I t  is claimed 
in support of the change th a t the reduction 
is justified because the present exchange 
rate is equivalent to a premium of about 
24s. an ounce.

Palm er Gold D redging.—The Palm er 
River Gold Company, N.L., after overcoming 
many difficulties, is now in full swing with 
its gold-dredging enterprise in the remotely 
situated area of Strathleven, on the Palmer 
River, in the Cape York Peninsula, N orth 
Queensland. The company, before it could 
get its machinery on the dredging site, had 
to make its own road from the railhead at 
Laura, a distance of 84 miles, and to transport 
over th a t road, which ran through rough, 
virgin country, the dredging plant, weighing 
300 tons. During the four weeks ended 
July 4 the newly erected dredge, working 
420 hours, treated  28,700 cu. yd. of material, 
for a return of nearly 110 oz. of gold, having 
a mint value of £581. The property has 
lately been visited by Mr. H. Theodore 
(representing a London financial organiza­
tion), who made a general survey of the 
dredging area and plant and cabled to his 
principals a price which he suggested should 
be paid for their purchase. He is now on 
his way back to England, where he suggests 
a company should be formed, with a capital 
of half a million pounds, to make the 
purchase, effect certain modifications to the 
plant which he considers necessary, and 
carry on the enterprise. Before leaving 
Brisbane Mr. Theodore asked the Queensland 
Government for a reservation, for a t least 
six months, of a mineral area on the Palmer 
River, but th e . nature of the reply to his 
request has not for the present been made 
known.

Central Australian Gold.—Last m onth 
particulars were given in this column of an 
exceptionally rich gold reef which had been 
discovered at T ennant’s Creek, in Central 
Australia. This find is 240 miles north  of 
Alice Springs, the terminus of the railway 
which connects a part of this territory  with 
Adelaide, in South Australia. Since then 
a small company has been formed in 
Melbourne and taken an option over 130 
acres of gold-bearing land about 44 miles 
north-east of Alice Springs. The property 
is said to cover an area of one mile along the 
line of lode, which outcrops a t two places

over a distance of three-quarters of a mile. 
Samples taken from the lode, which is 30 ft. 
wide with no walls in sight, have assayed 
3 oz. of gold per ton. Mr. T. S. Hoge, of 
the Sydney Museum, who last month 
returned from a three m onths’ tour through 
the interior of Australia, says enormous 
mineral wealth is to be found there. Apart 
from gold he states, mica occurs in huge 
quantities, and lead and silver are in 
abundance. Yet another a ttem pt is to be 
made to locate a gold reef said to  have 
been discovered in Central Australia by the 
late Mr. L. H. Lassetter nearly forty years 
ago. The story of “ Lassetter’s find ” has 
led to m any expeditions, the most recent of 
which was one last year, when Mr. Lassetter 
himself lost his life through starvation in 
an endeavour to again find the rich auriferous 
outcrop originally discovered by him. The 
latest expedition has been organized by the 
Central Australian Gold Exploration 
Company, Ltd. The members of the 
expedition go by train to Alice Springs, 
and then travel by camels, which are expected 
to be used to cover a distance of 300 miles.

1POH
September 3.

General Conditions.—The tin mining 
industry now knows what appears to be the 
worst of its own case and there is a fairly 
general recognition of the necessity for such 
drastic measures as are being taken. The 
cut for the quota period of three months now 
commencing is to be 60%, and the immediate 
effect of this certainty is th a t mines are 
arranging for reduction of their labour force. 
In Perak the advantages of grouping have 
been generally understood and widely used 
by producers. In Selangor it would seem 
th a t this policy has been less generally 
adopted. At the beginning of this month, 
which also begins the second quota period, 
the Government has taken the wise course 
of awaiting sufficiently full statistics of the 
actual production for the full six months of 
the first quota period, so tha t the proportion 
of restriction necessary may be determined 
upon well established data. I t  was hoped by 
many th a t 50% cut would meet the case, 
but the decision to restrict 60% has been 
announced. The price of the metal has 
tended to improve and it must be obvious 
tha t a 10% rise in price is better in effect 
to the miners than a similar increase in the 
quantity  of ore they can sell, having due
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regard to th e  fact th a t ore won and sold is 
an irreplacable asset realized. Assistance 
in these difficult times is now offered by the 
Perak River Hydro-Electric Power Com­
pany in the form of a scale of reduced charges 
on the basis of units taken. This is the only 
basis suitable to  the conditions of work in 
this country for m ost m ethods of mining 
including dredging. The ra te  is approxi­
m ately two cents per horse power hour, with 
no fixed minimum charge and the term s are 
subject to a fortnight’s notice. T he dredges 
were least adversely affected by th e  former 
m ethod of charging, so the new scab? is of 
assistance to those who most need such help. 
The severe restriction of output is expected 
to cause the discharge of labour on a scale 
th a t necessitates provision for repatria tion  
of some proportion of those discharged. A- 
questionaire was circulated in August to 
producers asking whether reduction of labour 
was contem plated and how, m any of those 
paid off would be likely to w ant to re tu rn  to 
China. The grievous sta te  of th a t country 
would make it seem unattractive even for its 
owm people, but unemployed labour cannot 
be allowed to stay  in such a country as 
British Malaya. A new ruling perm its 
producers to transfer the whole or any part 
of their quota to another producer subject 
to the w ritten consent of all the principals 
concerned and to  the approval of the D eputy 
Controller to  whom proposals m ust be 
subm itted.

Excavators.—Limited use has so far been 
made of these in mining in Malaya, but the 
possible applications have not been fully 
tried out. A recent suggestion is to  employ 
a pontoon equipped w ith grabs, which can 
be of any desired capacity, for excavation 
and recovery of values on a very uneven and 
pockety limestone bottom . This suggestion 
offers great elasticity in operation, especially 
as to depth, and if well run should perm it a 
high rate of recovery from ground in which a 
bucket dredge would be able to dig only a 
small proportion of the ground. The size of 
grab can be varied to suit the ground so tha t 
the rate  of treatm ent can be adjusted to 
permit quick handling of poor ground and 
more careful treatm ent where values are 
higher. If desired such a method could 
locally be made prelim inary to complete 
cleaning up with pum ps and monitors. The 
capital outlay and cost of maintenance would 
both be considerably less than  in the case of 
a bucket dredge of equal capacity, and the 
cost per yard would depend on circumstances 
and the rate of work decided upon. The

application of a dragline excavator to 
mining an alluvial deposit was outlined in 
the M a g a z in e  for Jan u ary  last.

R ecent D evelopm ents.—In spite of the 
bad times several new producers have made 
considerable progress during the past twelve 
months. Among these m ay be m entioned the 
Chemor River Tin Company’s new equip­
m ent using hydraulic elevators where, in 
spite of restriction and the poor prices ruling, 
a margin of profit has been m aintained. The 
workings are on the contact of granite with 
schist and limestone and though the proposi­
tion is generally alluvial there  are irregular 
vein-like or lenticular aggregations of 
sulphides and arsenides containing variable 
percentages of tin ore w ith high local enrich­
ments which have to be developed by shafts 
and driving on the  values. Another 
occurrence of unusual in terest is in the 
Tepah district of South Siam where the 
sheep shoulder of a hill, in schist country, 
contains numerous veins w ith over 1% of tin 
ore Sp much of the tonnage so far developed 
and w ith  higher values locally. In  this case 
shales: and sandstones have been highly 
m etam orphosed and in the enriched portions 
contain i much tourm aline and some topaz 
associated w ith the tin  ore.

S ta tis tic s .—The to ta l of tin exported 
from M alayan ports in August was the lowest 
for any momth of the current year. This 
total, a t 6,07*5 tons, is nearly 1,600 tons less 
than was exported  in July , and 3,700 tons 
below the higlhest to tal for any month of 
the current y^-ar, namely, 9,719 tons in 
February.

Gold M ining,.— It is satisfactory in these 
times to refer [to any prosperous form of 
activity  in min ing and th e  record of the 
Raub A ustra lian  Gold Mining Co., Ltd., 
provides this satisfaction. The production is 
steadily m ain ta ined  a t a little  over 1,800 oz. 
per m onth for tjhe first seven m onths of the 
current year, an  d at the  37th annual general 
meeting held ojn Ju ly  23 it was announced 
tha t the total (distribution of profits for the 
year ending Mlarch 31, 1931, would be 
¿40,000. The I net proceeds of the sale of 
gold for the yeair had been ¿93,934 providing 
a record.

In the B ata.ng Padang d istrict of Perak 
the gol<J won t o the  end of Ju ly  1931 is only 
1,318 oz., averafging under 190 oz. per month, 
and compares I w ith a m onthly average of 
465 oz. for the /whole of 1930. The reason for 
this decline is/ the reduced activ ity  in tin 
mining, most I °f the gold in this district 
being recoverefd hy tin  workers.
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JO H A N N ESBU RG
September 3.

Lost Gold Reef Believed Found.—
Prospectors are said to have discovered in 
the W aterberg bush veld a gold-bearing reef 
which has been traced through ant-heaps 
for over 60 miles. I t  is stated th a t the reef 
carries high values running up to 3 oz. per 
ton, bu t is very “ patchy .” This reef may 
be the one which was discovered and lost 
by Lieut, du Toit of the  S taats Artillery 
m any years ago in the days of the South 
African Republic. The story goes th a t du 
Toit was constructing w hat is now known as 
the Great N orth Road for a  postal service

consisting of a cart drawn by two oxen. 
Somewhere in the bushveld near Potgieters- 
rust he found indications of a  marvellous 
deposit of gold. He went to Pretoria to 
notify the discovery, bu t on his return  to 
the bushveld could not find the place again. 
He had not pegged it and had no landm ark 
to indicate the spot. About 50 years ago 
gold was struck on the farm Welgevonden 
and was worked. Rock assaying up to 
75 dwt. was found on the surface in loose 
formation, but the origin of this gold remains 
a m ystery. I t  has long been known tha t 
alluvial gold and fairly rich specimens of 
quartz are to  be found over a  wide area in 
the W aterberg district. The rocks composing 
the W aterberg System comprise sandstones, 
quartzites, grits, and conglomerates in the

upper division, and shales, soft sandstones, 
and conglomerates in the lower division, 
followed below by a volcanic series of lavas, 
tuffs, breccias, and agglomerates with in ter­
bedded shales and sandstones. In  places 
the rocks have been disturbed by faulting 
and folding and basic igneous rocks are 
occasionally found as intrusions in the strata. 
These are of later age than the well-known 
Red Granite phase of the Bushveld Complex, 
of which, however, A. L. Hall considers 
th a t they m ay possibly represent a  very 
late incident. The fact th a t the country has 
not been more extensively examined is, it is 
suggested, largely due, among other deterrent 
conditions, to the prevalence of malaria.

A Prospector’s Prom ising Find. ^Seven  
years ago, George Thornborrow, a Rhodesian 
prospector, discovered a gold-bearing reef 
about 4 miles to the north of the Legion 
mine, which lies beyond the Matopos and 
about 100 miles south of Bulawayo. He 
said nothing about the discovery as he had 
no money and carried on with other proposi­
tions, which a t any rate gave immediate 
return financially. Later Thornborrow 
decided to return  to the reef near the Legion 
mine. The reef is said to be about 2,500 ft. 
long and for about 1,000 ft. a t one end the 
“ ancients ” had worked it extensively. He 
found some of their old earthenware pots 
and their smelters, while nearby were 
ancient ruins. At surface the reef is only 
2 in. wide, but 20 ft. down it is 2 ft. wide

N ’K a n a  M i n e , N o r t h e r n  R h o d e s i a  : B a l l - M i l l s  i n  t h e  C o n c e n t r a t o r  H o u s e .
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and carries visible gold. Several small 
nuggets have been found on the property. 
I t  is also reported th a t a rich gold strike has 
been made on F u ti Surprise, about 16 miles 
from Gwelo. This property was a t one 
time known as Ben Nevis and Mr. Hollings 
within recent years recovered a considerable 
am ount of gold in the neighbourhood. The 
present discovery is 900 ft. from where he 
made his original find. The reef was struck 
at the east end at a  depth of 30 ft. a t a spot 
where Mr. Rix, manager of the Globe and 
Phoenix, suggested a shaft should be pu t 
down when he examined the property in

Digby V. B urnett, and Major Ewan Tulloch 
are associated with the association. A part 
from the protection which the new organiza­
tion will afford to an often credulous public 
against spurious practitioners in the mining 
and engineering profession, and apart also 
from the value of the organization in the 
more sectional way, it gives promise of 
conferring a real benefit on the economic 
and national side of mining, as, for example, 
in the application of the  high technical 
knowledge its members will bring to  bear 
on such kno tty  problems as the remodelling 
of decrepit mining laws.

A b e n a b  M i n e , S o u t h - W e s t  A f r i c a  : P o w e r  P l a n t , M i l l , a n d  H e a d g e a r .

1928. The owners are prom inent men in 
Gwelo and they have formed a syndicate. 
Pegging is taking place in the vicinity and 
it  is thought th a t the strike extends over
1,500 ft.

Rhodesia’s New Institute. — Some of 
the leading geologists and mining engineers 
in Rhodesia met in Salisbury recently 
and decided to  form a local association. 
The initiative was taken by Mr. Digby 
B urnett and his suggestion was accepted 
with much enthusiasm. The new body 
has for its prim ary objects “ the pro­
motion of the interests, and the main­
tenance of the status, of the In stitu tio n ’ 
of Mining and Metallurgy in N orthern and 
Southern Rhodesia ; facilitating professional 
and social intercourse between local members, 
associates and students ; and the rendering 
of assistance where necessary.” Messrs. 
F. P. Mennell, W. Wallace, G. Musgrave, 
E . A. Prior, J. Murdoch Eaton, A. S. Rome,

V A N C O U V E R
September 8.

B ridge R iver.—-Consequent on the
successful results obtained a t the Pioneer 
mine this district is now receiving a large 
measure of attention , several new organiza­
tions being engaged in exploratory work on 
prospects located w ithin the north-westerly 
extension of the Pioneer-Lorne diorite forma­
tion. In regard to the Pioneer, the increasing 
length of ore th a t has been encountered 
at depth, due to the westerly rake of the 
diorite-serpentine contact, augurs well for 
the future. The property  was recently 
examined by Mr. Ira  B. Joralem on, who, 
in his report to  the  directors, emphasizes 
the  im portance of the persistence of the 
present ore-body and the zone of contact 
to greater depth. He sta ted  th a t by using 
only the developed length of ore on the 
9th (1,000 ft.) level as a basis for estim ate,
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every new 125-ft. level will make 45,000 
tons of ore, but if, as expected, ore should 
continue to  the serpentine contact on this 
horizon, the to ta l length of ore there will be 
1,790 ft., indicating nearly 80,000 tons of 
possible ore per 125 ft. in depth. Should 
this condition persist to  the 10th level, 
the length of ore a t th a t horizon would be 
2,060 ft., and the tonnage of ore between 
the 9 th  and 10th levels, 86,500 tons. Mr. 
Joralem on sta ted  further, th a t he was 
particularly  impressed w ith the ore th a t has 
already been developed as well as with the 
probabilities th a t greater values would be 
encountered at depth. Total operating 
costs, he considered, should approxim ate

$4-00(7per ton, a figure made possible by  the 
fact th a t hydro-electric power costs only 
0-25 cent per k.w.h., and tim ber $10 per 1,000 
f.b.m. The new shaft, which has been 
raised from the 9th level is now approaching 
the 5th level. W hen communication is 
effected with th a t point, it will be possible 
to commence sinking below the 1,000-ft. 
as well as to  continue with the shaft rise 
to surface. This com pany has recently 
declared its th ird  quarterly  dividend of 
three cents per share, equivalent to 12% 
per annum . A progress report, covering 
operations a t the Lorne mine since control 
of the property  was acquired by Bralco 
Developm ent and Investm ent Co. in April 
last, has been recently issued. A new 
company, known as Bralorne Mines Ltd., 
was formed ; having a capital of $1,000,000, 
the Bralco Company holding 600,000 shares
4—5

and the Lorne Gold Mines, L td., 400,000 
shares. In  this report it is sta ted  th a t 
$35,000 has been expended to date on repairs, 
betterm ents, and underground development. 
On the King vein the ore-shoot has been 
opened for a length of 217 ft. a t a height of 
162 ft. above the main tunnel level, and 
in a rise from this point values have been 
proved to  extend for a distance of 400 ft. 
Diamond drill prospecting has located the 
vein a t several points on the tunnel horizon, 
bu t core recoveries proved unsatisfactory. 
Development on the “ Shaft ” vein 
encountered rich ore to  a height of 45 ft. 
above the tunnel. The lode subsequently 
pinched bu t was recovered la ter and now

shows a w idth of four ft. in the back of 
the raise a t 100 ft. elevation. Exploratory 
work is being performed by the Bridge 
River Consolidated Mines, L td., on the 
properties formerly known as the “ Eorty 
Thieves ” and “ W hy Not ” groups. On the 
hrst-nam ed, where a new tunnel has been 
started, it is expected th a t some promising 
surface showings will be intersected a t a 
distance of some 60 ft. from the portal. 
On the “ W hy N ot,” an old cross-cut 
tunnel is being extended. Bridge River 
Exploration, L td., is a recent incorporation 
with holdings th a t cover the extension of 
the Pioneer-Lorne formation, as well as the 
downward extension of veins th a t outcrop 
on the property  of the Bridge River 
Consolidated, which lie to the south. 
Exploratory work with two crews has already 
started, and it is understood tha t an extensive

M o n i t o r  I n s t a l l a t i o n  o n  F r e n c h  C r e e k , R e v e l s t o k e , B.C.
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programme of development is contem plated. 
Prelim inary work on the Pioneer Extension 
group, adjoining the  Pioneer mine to the 
south-east, and owned by P.E . Gold Mines, 
L td., has advanced to the  stage th a t w arrants 
the driving of an adit tunnel to  develop 
some promising leads th a t have been 
uncovered by surface sluicing and trenching.

Big Bend D istrict.—H aving contended 
w ith adverse ground conditions for the past 
two seasons, which necessitated a cut through 
hard glacial clay ranging from 10 to 30 ft. 
deep for a distance of 600 ft., French Creek 
D evelopment Company reports th a t pro­
ductive operations have now commenced 
on its placer bench leases. The property 
is situated  on French Creek, a  trib u ta ry  of 
the Columbia River, and about 70 miles 
north  of Revelstoke. Since the  big rush 
of the “ sixties ” the area has been well 
known to hand miners who are reputed to 
have won more than  $3,000,000 of placer 
gold from the shallow gravels of the creek. 
In  la ter years prospecting of the bench 
areas led to  the discovery of extensive 
deposits of auriferous gravels and several 
“ Old River Channels,” and in 1927 the 
present company was formed to  acquire 
these leases. In  addition to  150 ft. of 
tunnelling on one of the  pre-glacial channels, 
34 test p its have been sunk, showing gold 
values ranging from 50 cents per cu. yd. in 
the upper gravels to $1-00 a t a  depth  of 
10 ft. and in excess of $5-00 a t 20 ft.—results 
th a t create a very favourable outlook for 
profitable operations. The present installa­
tion consists of two No. 6 H endy Giant 
monitors, equipped w ith 7 in. nozzles, having 
an average capacity  of 3,000 cu. yd. per 
day, and operating a t an estim ated cost of 
5 cents per cu. yd. This low figure is in a 
large measure due to  the abundant water 
supply available, which also develops power 
to operate a sawmill of 12,000 ft., board 
measure, capacity per day. A section of the 
glacial deposit appears in the foreground of 
the accompanying picture, through which it 
was necessary to  make a lengthy cut in order 
to install the  sluice box a t bedrock level 
in the  ancient channel. Channel dimensions, 
as illustrated, average more than 50 ft. in 
width, carrying a pre-glacial deposit almost 
50 ft. deep. Sufficient gravel has not yet 
been treated  to  serve as a basis for the 
estim ation of mean recovery values, bu t the 
results of prelim inary testing have satisfied 
the operators th a t a  long period of profitable 
operations is assured. 1

N elson.—Reno Gold Mines, L td ., reports 
a bullion recovery for Ju ly  am ounting to 
$14,425 from 944 tons treated . Development 
work furnished a large percentage of the 
mill feed and, although this ore is materially 
d iluted by overbreak in the rock wall, a 
large proportion of it can be worked at a 
profit. During the m onth developm ent work 
which consisted principally of advancing 
Nos. 1, 4, and 5 levels am ounted to 305 ft. 
On No. 4 level, where the good grade of ore 
has been m aintained, the  prim ary shoot has 
now been developed for a length of 400 ft. 
Good progress is now being made w ith the 
No. 5 (Mill level) tunnel which was retarded 
a t the commencement by boulders and caving 
ground. As recent developm ent warrants 
the installation of more perm anent equip­
m ent, it has been decided to  purchase another 
528 cu. ft. oil-driven compressor thereby 
perm itting a more intensive development 
programme to be followed and thus 
advancing the tim e when the mill can be 
enlarged to handle an appreciable tonnage.

P lacer M ining.— It is expected that 
placer gold production will record an 
appreciable increase this season. Although 
the new finds on Rainbow Creek in the 
Omineca and Barnes Creek in the North 
Okanagan districts have failed to  realize 
their early promise, present indications are 
th a t the be tte r known Atlin and Cariboo 
deposits will contribute considerably aug­
m ented returns. In  the former district an 
operator on McKee Creek is sta ted  to  have 
obtained a clean-up exceeding 600 oz. of 
gold to the middle of August and on the 
Ophir lease, R uby Creek, a recovery of more 
than  $10,000 was recently recorded by three 
hand-miners, the proceeds of their work 
since November last. In  the  Cariboo, 
hydraulic operations by  th e  Cedar Creek 
Mining Company on the south bank of 
Cedar Creek are meeting w ith notable 
success ; while, on the  opposite bank, the 
Cedar Creek Placer Gold, L td., reports that 
its drilling tests have located the  old residual 
channel a t m oderate depth  and proved the 
presence of a rich deposit. I t  is possible 
th a t productive operations m ay commence 
on this property  before the close of the 
season.

Taku R iver.—Considerable interest was 
aroused by the  recent visit of Mr. Noah A. 
Timmins to  the coast. Prom inent among 
Mr. Tim m ins’ interests in British Columbia 
is the W hitew ater group, situated  on the 
Tulsequah River and about 30 miles above



OCTOBER, 1931 227

the head of Taku inlet. This region was 
the scene of considerable exploratory activity  
during 1929, but, consequent on the 
depression of the m etal and stock markets, 
experienced undeserved neglect last season. 
Early this year the W hitew ater property 
was bonded on behalf of Mr. Timmins, 
and an extensive programme of diamond 
drilling is now in progress from which, it 
is understood, some very a ttractive results 
have already been obtained. The formation 
consists of a  fine grained doleritic rock cut 
by rhyolite and felsite dykes. Mineralization 
is chiefly stibnite in association w ith which 
a high gold content is reported.

Osoyoos.—The announcem ent th a t the 
Hedley Gold Mines will immediately suspend 
all further operations a t the Nickel Plate 
mine and dispose of the plant signifies the 
exhaustion of a property th a t has held a 
prominent position in the annals of British 
Columbian mining for the past 30 years. 
Discovered in 1898, it was bonded in the 
following year on behalf of the Marcus Daly 
estate. In  its early development the Nickel 
Plate ore-body was difficult to trace under­
ground and four years elapsed before the 
mine was brought into production. In 
1908 a lean zone was encountered and as 
diamond drilling failed to give satisfactory 
results the  Daly estate, having made a profit 
of more than  one million dollars, sold the

property to its present owners for $760,000. 
The new company was successful from the 
start. High grade or e-bodies were soon 
found and mining carried to a depth of
2,400 ft. Up to 1919 its to tal profits exceeded 
$4,000,000, bu t in la ter years it has been 
difficult to do b e tte r than  produce sufficient 
revenue to  cover operating expenses. The 
decision to  close the mine has been taken 
on the recommendation of the general 
manager, Mr. Gomer P. Jones, who has 
been associated with the Nickel Plate for 
over 30 years, during which tim e over 14 
million dollars in gold has been produced. 
Since the exhaustion of ore reserves in

November last the mine has been subjected 
to  a thorough diamond drilling campaign 
both w ith a view to discovering new ore- 
bodies and the continuation of known ones, 
but these explorations have proved un­
successful.

TO R O N TO
September 16.

M ineral Production of Canada.—The
mineral production during the first six 
months of 1931 was valued at $95,689,288, as 
compared w ith $116,360,409 for the corre­
sponding period of last year, a  decrease of 
17-8%. The metallic output was valued a t

P l a c e r  G o l d  f r o m  F r e n c h  C r e e k  M i n e , R e v e l s t o k e , B .C .
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$61,717,841, as compared w ith $75,031,606. 
More gold, platinum  metals, zinc, arsenic, 
and bism uth were produced than during the 
same period of 1930, but the lower prices 
prevailing for the base metals resulted in a 
falling off in their output. The quantities 
and values of the principal metals produced 
were as follows :—Gold, 1,273,303 line oz., 
$26,321,508; copper, 149,277,041 lb., 
$13,705,822 ; nickel, 40,690,562 lb.,
$9,047,131 ; lead, 146,419,830 lb.,
$4,034,971 ; zinc, 133,679,776 lb., $3,404,824; 
silver, 11,701,718 line oz., $3,287,481. The 
coal output was 5,891,588 short tons, valued 
at $20,519,520, a decrease of 17-7% in 
quan tity  and 20-6% in value. N atural gas 
production was slightly less, but the quantity  
and value of crude petroleum  produced was 
larger. The to ta l value of the non-metals 
other than fuels am ounted to $5,313,580, as 
compared w ith $7,630,047. The production 
of asbestos and gypsum was considerably 
reduced.

Sudbury.—The International Nickel 
Company expects to  complete the programme 
of expansion inaugurated live years 'ago 
before the end of the year. I t  has involved 
a to ta l expenditure of some $50,000,000. 
Operations at present in progress include the 
completion of work on the new Orford 
separation process building, the installation 
of a hydro-electric transform er station for 
receiving power from Abitibi Canyon, and the 
reconditioning of Frood No. 4 shaft. At 
present the Orford process building is 
practically completed and will be ready for 
operation early in November. The head­
frame on No. 4 shaft a t the Frood is now 
completed, and re-tim bering operations are 
progressing. In connexion with development 
of Frood No. 3, the original No. 1 shaft has 
been converted into a central ventilation 
shaft, and has been completed to all working 
levels. A duplicate fan-system capable of 
putting  275,000 cu. ft. of air per m inute 
through the more than 10 miles of Frood 
workings will be shortly installed for 
additional ventilation purposes. The Ontario 
Refining Company of Copper Cliff, operating 
on a basis of about 5,000 tons per 
m onth, showed a to ta l production during 
the first year of its operations ending 
June 30, of 57,336 short tons of refined 
copper. W ith the exception of about 5,000 
tons of blister copper, representing custom 
offerings from Trail, B.C., and from the 
Sherritt-Gordon mine, Manitoba, the total 
ou tput is from Sudbury ores. Since work

on the  new precious m etals refinery was 
completed early this year, the recovery of 
valuable by-products up  to the  end of June 
includes 27,764 oz. of gold, 1,316,168 oz. of 
silver, and 8,335 lb. of selenium, which will 
substantially  increase the revenues of the 
In ternational Nickel Company. Prospecting 
is being actively carried on in the Schist 
Lake and Three Duck Lake district in Yeo 
and Chester townships and several 
encouraging gold discoveries are reported. 
The latest of these discoveries is the Cryder- 
man, located at the south end of Three Duck 
Lake, and consisting of a strong vein carrying 
commercial values in gold over an average 
w idth of from 3 to 4 ft. The vein 
has been stripped for 20 ft., but owing 
to the heavy overburden little work is being 
done.

Porcupine.—The gold mines of the 
Porcupine field during August produced 
$1,692,709 from 267,256 tons of ore, which 
compares w ith $1,673,144 from 259,972 tons 
treated  in July. The mill of the Dome Mines 
is treating  about 1,500 tons of ore per day, 
values running between $6 and $7 a ton. An 
im portant discovery has been made on the 
16th level, where the vein has yielded assays 
of $15 per ton over a w idth of 30 ft. and 
lateral drilling has been started  to  strike the 
downward extension of this vein on the 18th 
level. During August the recovery of bullion 
am ounted to $302,719, as compared with 
$299,280 for July. During the eight months 
ending with August, production reached a 
to tal of $2,360,339, or a m onthly average 
of approxim ately $295,042. The rate of 
production of the Hollinger Consolidated has 
been somewhat reduced, as the  mill is now 
drawing supplies from the lower-grade 
section on the surface. Mine development 
is proceeding on an extensive scale, good 
values have been opened up on the lower levels 
and before the end of the year the treatm ent 
of higher-grade ore is expected to increase 
the recovery considerably. The new mill of 
the M clntyre-Porcupine is now treating 
approxim ately 1,700 tons a day. Losses in 
tailings by the old process were formerly 
between 40 and 50 cents per ton and initial 
results from the new mill indicate th a t this 
figure can be considerably reduced. The 
most interesting underground development is 
the opening of a new ore on the P la tt Vet 
claim nearly half a mile from the main 
workings, which constitutes a large addition 
to the ore reserves. The m anagem ent is 
planning the extension of workings to  greater
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depth. Plans are under consideration for a 
large winze to be started  from the 4,000 ft. 
level and to be continued to  5,000 and 
possibly 6,000 ft. The mill of the Vipond 
Consolidated is handling ore a t the rate of
8.500 tons a m onth. During the six m onths 
ending June 30 bullion was produced to the 
value of $327,958 from 51,474 tons. New 
development is proceeding from the main 
shaft which has been pu t down to  the
1,400 ft. level and cross-cutting and driving 
are being pushed in various directions. 
Recent development on the lower levels of 
the Coniaurum have shown improvement in 
ore values. Vein No. 7 has been cut on the
2.500 ft. level, the deepest working in the 
mine, with values reported to run from $10 
to $15 over drive widths. At the Canusa the 
new pilot mill is in operation on a scale 
of about 35 tons daily and underground 
development is proceeding satisfactorily. 
A mineral zone some 700 ft. wide has been 
located on the old McMahon claims southwest 
of the Dome mine. A shaft will be put down 
to a depth of 150 ft. and exploration carried 
on at th a t level.

Kirkland Lake.—The output of the mines 
of the Kirkland Lake area during August 
was valued at $1,758,015, from the treatm ent 
of 150,763 tons of ore, as compared with 
$1,867,275 from 146,907 tons in July. 
Production is being well m aintained by the 
Teck-Hughes, the ore being supplied to the 
mill running between $14 and $15 per ton. 
During the greater part of this year cross­
cutting and driving have been actively 
proceeding on the lower levels below the 
26th, but a large am ount of work remains 
to be done on these horizons. On the 26th 
level, ore has been opened up which is stated 
to run between $20 and $30 to the ton. 
Preparations are under way for deeper 
mining, involving the sinking of a new shaft 
from the 29th level to a proposed depth of 
about 3,125 ft. The Lake Shore has lately 
increased its ore reserves by im portant new 
discoveries, the latest find being on the 
2,700 ft. level, where an ore section covering 
a width of 66 ft. and averaging b etter than 
$15 to the ton has been located. Average 
mill-heads, which were reduced owing to the 
treatm ent of large quantities of low-grade 
ore, have returned to  normal and recovery 
now approxim ates $15 to the ton. The mill 
of the W right-Hargreaves is treating an 
average of 750 tons of ore daily with recovery 
of more than  $11 per ton. Official estimates, 
based on current operations, anticipate a

to tal output for the current year of close on 
$3,750,000, which will be the largest produc­
tion in the history of the mine. By October 1 
new crushing equipm ent will be installed, 
which will bring mill capacity up to nearly 
800 tons. Development operations are 
putting new ore in sight. On the 2,700 ft. 
level the downward extension of the main 
vein system has been encountered, some of 
the ore yielding high assays. A rich ore shoot 
has also been located above the  2,700 ft. 
horizon. W ork on the Moffatt-Hall is being 
watched with keen in terest as, if it succeeds 
in developing a profitable mine, i t  will prove 
th a t the field extends further to  the eastward 
than has been supposed, and will encourage 
the opening up of a num ber of other 
properties. So far the results have been 
satisfactory. Driving on the main vein a t 
the 300 ft. level is now proceeding, disclosing 
a width of 7 to 8 ft. of commercial ore. The 
mill a t the Sylvanite is handling about 275 
tons of ore daily, w ith gross earnings in the 
neighbourhood of $85,000 monthly. The 
shaft is being put down from the 2,500 ft. 
level to an objective of 3,000 ft. and when 
completed five new levels will be opened up. 
The Barry-Hollinger is carrying its workings 
to lower levels w ith encouraging results. 
High-grade ore is being developed on the 
1,875 ft. level. The vein has been driven on 
for 140 ft., and values of $16 to the ton 
have been obtained. Work, on the Kirkland 
Townsite property adjacent to the W right- 
Hargreaves will shortly be commenced with 
a view of encountering the continuation of 
the W right-Hargreaves vein system. K irk­
land Lake gold mines during August produced 
$52,000, with the mill treating approximately 
150 tons of $12 ore daily. A new ore shoot 
encountered on the 2,700 ft. level has been 
followed for 175 ft. showing an average w idth 
of 5 ft., assays averaging $15 to the ton. At 
the Macassa steady progress is being made in 
development. The ore zone located in under­
ground work from the adjoining Kirkland 
Lake gold property has been followed for 
120 ft., showing good values all the way. 
On the Lee claims shaft sinking has been 
completed to a depth  of 125 ft., and driving 
has encountered a vein carrying commercial 
ore.

Rouyn.—In accordance with the policy 
adopted when the low price of copper 
rendered its production unprofitable, the 
N oranda continues to  devote much attention 
to  gold mining. Its output of gold is stated 
to  be approxim ately $500,000 m onthly.



230 TH E MINING MAGAZINE

The sinking of No. 3 shaft is making steady 
progress through ore sta ted  to  average 4% 
copper and $6 in gold to  the ton. Drills pu t 
down to a depth  of 3,500 ft. are reported to 
have been in good ore all the way bu t informa­
tion is not available as to  the  actual values 
obtained or the  extent of the ore zone 
indicated. Development below the 1,000 ft. 
level is proceeding satisfactorily. G ranada 
Gold Mines is making good progress in its 
deep development programme. The winze 
being put down from the 600 ft. level is now 
down to 800 ft. During the process of sinking 
values were obtained averaging from $15 
to $20 to the ton in gold, the grade showing 
improvement a t the lower horizon. Produc­
tion at the Siscoe Gold Mines for the m onth 
of August was valued a t $76,832, as compared 
w ith $82,437 in July. O utput for the eight 
m onths ending August totalled $494,103, 
compared w ith $367,266 for the full year 
1930. Adanac Gold Syndicate, which 
holds some 800 acres east of G ranada Mines 
in the Rouyn district will shortly begin a 
campaign of diamond drilling, surface 
explorations having disclosed mineralized 
zones w ith good gold showings. Brownlee 
Gold Mines is meeting w ith favourable 
results in the development of its property 
adjoining the Noranda, where a  mineralized 
zone carrying gold has been encountered 
in a small shaft.

Patricia  D istrict.—Production is well 
m aintained by the Howey gold mine, where 
the mill is treating  750 tons of ore per day, 
the recovery in August being approxim ately 
$70,000. The broken ore reserves for the 
supply of the mill are estim ated at approxi­
m ately 160,000 tons and this am ount is 
being increased m onth by m onth, so th a t 
no difficulty will be experienced in increasing 
the tonnage. Sorting equipment was recently 
installed a t the  mine, which has enabled the 
management to  increase the  value of its 
mill-heads. Values of ore are showing 
im provem ent as the work proceeds downward. 
Extensive development and exploration work 
has been under way for some tim e in the Red 
Lake area. Some 7,000 tons of ore of an 
average grade of $24.40 gold per ton has 
been taken out and arrangem ents are now 
being made to  ship th is to  a neighbouring 
mill for treatm ent. Mining operations will 
be continued so th a t another shipm ent will 
be ready when the returns from the first 
consignment have been received. The 
im portance of the discovery made by Jack  
Munroe on Mackenzie Island has been

confirmed by a survey by Dr. M. E. H urst, 
provincial geologist, who states th a t good 
showings of visible gold have been opened 
up. The m ineralization has been exposed in 
test pits over w idths of 9 and 14 ft. Active 
exploration is now being carried on by 
diam ond drilling.

PERSONAL
A r t h u r  J. B e n s u s a n  h as re tu rn ed  from  Brazil.
B e r n a r d  B e r i n g e r  has l e f t  Peru  for Colombia.
S y d n e y  B r a y  has left C yprus and  is proceeding 

to  N o rth e rn  Rhodesia.
J. C o g g i n  B r o w n  is re tu rn in g  to  B urm a.
W . H . C o l l i n s  is hom e from  Nigeria.
B e r n a r d  F. D a v i s  is hom e from  Colombia.
R. T. H a n c o c k  h a s  re tu rn ed  from  Venezuela.
W . A. H a r d y  has re tu rn ed  to  Ind ia.
E . H o m e r s h a m  i s  re tu rn in g  from  South  Africa.
F. T . I n g h a m  h a s  r e t u r n e d  t o  M a l a y a .

A. J .  W . L e g g e , i s  re tu rn in g  to  S ierra  Leone.
R . J . L e m m o n  has re tu rn e d  from  South  Africa 

and  th e  B elgian Congo.
V. F. S t a n l e y  L o w  has l e f t  f o r  Panam a.
W. S. M c C a l l u m  i s  expected from  New Zealand.
F r a n k  M e r r i c k s  has been ap po in ted  as the 

rep resen ta tiv e  of th e  Com missioners of the 
E xhib ition  of 1851 on th e  G overning Body of the 
Im perial College.

F. A. M o s s  has left Los Angeles for W estern 
A ustralia.

J. N. Ong  has left California for N orthern 
Rhodesia.

H . G. S c o t t  h a s  left for M elbourne.
S. M. S n e d d o n  is hom e from  M alaya.
C. H . W h i t e  is now in France.
J o h n  D. W i l l i a m s  h a s  r e t u r n e d  f r o m  B r a z i l .

W. J. W i l s o n  has left for Nigeria.
E. W .  W r i g h t  is leaving for Nigeria.
F. J. W y d l e r - H o l l i s  has re tu rn ed  from  South 

Africa.

A r t h u r  E. T a y l o r , of Messrs. Jo h n  T aylor and 
Sons, died suddenly  of h e a r t  fa ilu re  on O ctober 3, 
aged 56.

C. F. W . K u p , m anaging d irec to r of th e  St. John 
Del R ey  M ining C om pany since 1915, d ied suddenly 
on Septem ber 28, a t  th e  age of 54. H e  h ad  been in 
th e  service of th e  com pany  since 1895, becoming 
its  secre tary  in  1913, and  la s t y e a r  v isited  Brazil 
in  connexion w ith  th e  c en ten a ry  celebrations.

F r e d e r i c k  W . T h o m a s  died , a t  h is hom e in 
Cam borne, on Sep tem ber 30 a fte r  several m onths’ 
illness, aged 68. Mr. T hom as w as sec re tary  of 
D olcoath  in  th e  cost-book days, subsequently  
occupying th e  sam e position  in  th e  lim ited  liab ility  
com pany. In  1914 he left C am borne and  became 
secretary  of Messrs. W illiam s H arv ey  & Co., being 
la te r  on ap p o in ted  m anag ing  d irec to r, a  position 
he held till  h is re tirem en t ab o u t th ree  years ago.
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TRADE PARAGRAPHS
E lbof  G eo p h y s ic a l  Co. announce th a t  th e ir  

London Office is now a t  790, Salisbury House, 
London W all, E.C. 2, th e  telephone num ber being 
M etropolitan 3801.

D e m a g  A.G., of Duisburg, G erm any, publish  th e  
Septem ber issue of th e ir  Demag News which con­
tains an  article  describing th e  use of be lt conveyors 
for underground workings.

Head ,  W rig h tso n ,  a n d  Co.,  L td . , of Stockton-on- 
Tees, issue new  editions of th e ir  catalogue re la ting  
to  th e  Colorado convertible-discharge ball-m ill and 
to  th e  Kirkless s lu rry  separator.

H ans  R eno ld ,  L td. ,  of M anchester, and  th e  
C o v en try  C h a in  Co., L td . ,  of C oventry, which 
are now allied, issue an  up-to -date  catalogue of 
their products which is fully  illu stra ted  and  contains 
m any valuable d a ta .

T h o m a s  L o ck e r  a n d  Co., L td . ,  of W arring ton , 
publish a  new  catalogue of th e ir  products. This 
covers some 96' pages and  is fully  illu stra ted  to  
describe b o th  w oven w ire and  perfo ra ted  m eta l 
screens to g e th e r w ith  wedge w ire screens for all 
purposes.

H opkinsons ,  Ltd. ,  of H uddersfield , issue a 
new catalogue of th e ir  paralle l slide valve which 
is su itab le  for use in  p ipe system s w hether for 
steam , boiler-feed w ater or cold w ater, a ir, o r oil. 
They are m ade in  e ith e r cast iron or steel depending 
on th e  p ressures to  be  w ithstood.

B u rn  S i len t  G e a r s ,  L td . ,  of Caxton House, 
S.W. 1, s ta te  th a t  th e  com pany has been form ed 
to tak e  over th e  righ ts of th e  Silent B urn Gear, 
including those previously  held by  S to th e rt & 
P itt, L td ., of B ath , and  B urn  Transm issions, L td. 
In  co-operation w ith  Jam es Howden and Co., L td ., 
of Glasgow, th e  new  com pany are in  a  position to  
m anufacture  and  supply  th e  gear for its  m an y  
applications, w hich include th e  transm ission  of 
50,000 h.p.

I m p e r i a l  C h e m ic a l  In d u s t r i e s ,  L td. ,  of
Millbank, London, S.W . 1, rep o rt th e  v isit of a 
num ber of principal m ine-owners in th e  co u n try  to  
their Billingham  works to  inspect th e  hydro ­
genation p lan t which is w orking th ere  and  is con­
verting  daily  15 tons of coal in to  petro l. T hey  also 
send us th e  Septem ber issue of th e ir  I .C .I .  Magazine 
which contains an  article  by  Mr. Dinwoodie on th e  
firing of a  heading in  connexion w ith  th e  quarry ing  
work of th e  B uxton Lime F irm s Co., L td .

R obey  a n d  Co.,  L td . ,  of L incoln, s ta te  th a t  in 
connexion w ith  th e  recently  established E uropean 
tunnelling record  which th e  con tractors to  th e  
M anchester C orporation W aterw orks H aw esw ater 
Scheme achieved, th e ir  stra ig h t line Diesel air- 
compressors (S.L.O.C. type) produced all the  
compressed a ir and  ran  d ay  and n ig h t w ithou t any  
trouble and  also th a t  R obey forced lubrication, 
horizontal, to ta lly  enclosed Diesel engines ran  
continuously, generating  b o th  electric light and  
power.

M in ing  a n d  I n d u s t r i a l  E q u ip m e n t ,  L td. ,  of
11, Southam pton Row, London, W .C. 1, rep o rt th e  
following new orders : — F o r E ngland : One
3 ft. by  5 ft., ty p e  39, H um -m er screen for coke, 
one 6 ft. diam . R aym ond separating  p lan t for 
lim estone, one R ovac “ Unicell ” backw ater filter 
and repulping tro u g h  for backw ater filtration, 
one 4 ft. by  7 ft., ty p e  60, H um -m er screen for 
slack coal, one 4 ft. by  5 ft., ty p e  39, H um -m er

screen for slack  coal, one No. 4 Usco pu lverizer 
for soap, one 17 sq. ft. Rovac filter for caustic  
lim e sludge, one 8 ft. by  7 ft., ty p e  39, single body
tandem  H um -m er screen for coal, and one 6 ft.
by  22 in. H ardinge ball-m ill for coke breeze. 
F o r F rance : One 2-roller R aym ond m ill for
lim estone. F o r H olland : One No. 00 R aym ond 
pu lverizer for lim e. Fo r Belgium  : One No. 1
R aym ond pu lverizer for litharge and one, ty p e  37, 
H um -m er screen for granular furnace slag. For 
A m erica : Two 6 ft. by  36 in. sectionalized Hardinge 
ball-mills for gold ore. F o r A ustra lia  : One 8 ft. 
by  72 in. H ardinge ball-mill for q u a rtz  ore. For 
G erm any  : Two 4 ft. by  7 f t., ty p e  39, single body
tandem  H um -m er screens for coal.

B u r e a u  of I n f o r m a t io n  on Nickel of th e  M ond 
Nickel Co., L td.,  Im perial Chemical House, 
M illbank, S.W. 1, in th e ir  Nickel Bulletin  for 
Septem ber, have an article  describing nickel alloy 
steels in  dredging equipm ent which contains 
references w ith  illustrations to  such p a rts as links 
and pins, tum blers, etc. T hey  also draw  a tten tio n  
in a  separate  com m unication to  tw o new im p o rtan t 
nickel alloys which are finding special applications. 
These are respectively  “ H ypern ik  ” and a nickel- 
copper silicon alloy. The first nam ed is approxi­
m ately  a 50/50 com position of nickel and iron which 
has been developed in th e  U nited S tates for electrical 
applications w here m oderately  high perm eability  
is required  to g eth e r w ith  low hysteresis loss and 
m edium  electrical resistance. I t  has been largely 
used in  radio work, b u t is perhaps of g reater 
im portance in connexion w ith  th e  construction of 
cu rren t transform ers, m etering instrum ents, and 
suchlike. The o ther alloy is really  a Monel M etal, 
silicon being em ployed to  m odify th e  alloy in certain  
of its applications. The im provem ents in th is alloy 
have been trea te d  in a paper which was presented 
before th e  A utum n M eeting of th e  In s titu te  of 
M etals, en titled  “ Nickel-Copper Alloys of High 
E lastic  L im it ” b y  Messrs. Jones, Pfeil and 
Griffiths.

E d g a r  Allen a n d  Co., L td . ,  of Sheffield, in a 
recen t issue of Edgar Allen News d irect a tten tio n  
to  th e  m ining specialties which becom e available 
as a resu lt of th e  working arrangem ent which 
has been arrived  a t  betw een them selves and 
th e  A l l i s - C h a lm e r s  M a n u f a c tu r in g  Co.,  of 
M ilwaukee. U nder th is  arrangem ent, th e  works in 
Sheffield are m anufacturing  various m achines to  
th e ir  designs, so th a t  custom ers will have  th e  
advan tages of th e  com bined experience of th e  tw o 
organisations. T he new range of equipm ent of 
E dgar Allen construction now offered includes :—  
Superior McCully G yra to ry  Crushers, Superior 
Jaw  Crushers, F a irm oun t Crushers, Crushing Rolls, 
and  V ibrating  Screens. A recen t add ition  is the  
Newhouse crusher, which has been in  process of 
developm ent for several years, and  is now sub­
m itted  to  th e  crushed stone and m ining ind u stry  
as a m achine fully developed and suitable for th e  
h a rd est stone or ore th a t  m ay be encountered. This 
m achine is of th e  gy ra to ry  type, b u t w ithou t the  
usual gears and  be lt pulley. The eccentric is 
revolved by  being d irect connected to  a vertica l 
m otor located on top  of th e  spider. The suspension 
of th e  crusher by  cables from  th e  fram ew ork of th e  
building elim inates expensive foundations and 
reduces insta lla tion  costs. A short rap id  crushing 
stroke gives i t  h igh capacity  w ith  a high 
percentage of th e  finished product of desired shape 
and  size.
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SHIPPING, ENGINEERING , AND 
M AC H IN ERY  EX HIBITIO N

The e leven th  Shipping, E ngineering , and 
M achinery E x h ib itio n  was held a t  O lym pia from  
Septem ber 10 to  26, as announced in  th e  M a g a z i n e  
las t m onth . I t  con ta ined  a  num ber of in te res ting  
exhibits, of which th e  following are of m ost 
in te re s t to  m ining m en :—

T an g y es ,  Ltd. ,  of B irm ingham , had  an  ex h ib it 
com prising one vertical th ree-cylinder 200-240 b.h .p . 
oil engine, d irect coupled to  a generato r and  a 
num ber of sm aller oil engines.

E v e r s h e d  a n d  Vignoles,  L td.,  of Chiswick, W . 4, 
were showing th e ir  well-known electrical tes tin g  
equ ipm ent such as Meggers and also th e  Evershed- 
M idw orth d is tan t rep ea te r for remote, control.

N o r r i s ,  H en ty ,  a n d  G a r d n e r s ,  L td . ,of P a tric ro ft, 
had  an  ex h ib it of oil engines of sm aller sizes. These 
are  m ade in  ranges of 8 |  to  248 b .h .p . in  th e  
horizon tal ty p e  and  54 to  300 b.h.p. in  vertical.

Thos .  F i r t h  a n d  l o h n  B ro w n ,  L td. ,  of Sheffield, 
displayed exam ples of th e ir  stainless steel products, 
including tu rb in e  blading, pum p shafts and spindles, 
and a  v a rie ty  of steel castings and  forgings.

M o n d  Nickel Co.,  L td . ,  Im perial Chemical 
House, M illbank, London, S.W. 1, dem o n stra ted  by  
m eans of selected products th e  applications of nickel 
and its  alloys in  th e  engineering  in d u stry  generally.

P e r m a n  a n d  Co., L td . ,  of 82-83, Fenchurch 
S treet, London, E.C. 3, were showing K rom hout 
engines of th e  Diesel type, including th ree , tw o and 
single cylinder un its  from 500 to  6 b .h.p. respectivel)'.

R eave ll  a n d  Co., L td . ,  of Ipswich, p resen ted  an 
ex h ib it of th e ir  vertica l and ro ta ry  air-com pressors 
as, for exam ple, a tw o-stage com pressor of 500 cu. ft 
capacity  su itab le  for supplying a ir for pneum atic  
drills.

N a t io n a l  G as E n g in e  Co.,  L td . ,  of A shton 
under Lyne, were showing a six crank  vertical oil 
engine of 150 b .h .p ., d irec t coupled to  a  100 k.w. 
dynam o which is rep resen ta tive  of a range of from 
15 to  600 h.p.

G. D. P e t e r s  a n d  Co., L td. ,  o f  S l o u g h ,  h a d  a  
c o m p r e h e n s i v e  e x h i b i t  t o  d e m o n s t r a t e  t h e i r  w e l l -  
k n o w n  p l a s t i c  a r c  w e l d i n g  a p p a r a t u s  w h i c h  i n c l u d e s  
c o l o u r  t i p p e d  e l e c t r o d e s  s u c h  a s  w a s  d e s c r i b e d  i n  
t h e  M a g a z i n e  f o r  M a y  l a s t .

W illiam  B e a r d  m o re  an d  Co., L td. ,  of 36, V ictoria 
S treet, London, S.W . 1, were showing a 320 h.p. 
h igh  speed Diesel engine, d irect coupled to  a 
210 k.w., d.c. generator, runn ing  a t  800 r.p .m ., th e  
engine being a six-cylinder type.

B lack s to n e  a n d  Co.,  L td . ,  of Stam ford, Lincs., 
presented  a range of h igh  speed Diesel engines, 
n o tab ly  a vertical 6-cylinder engine developing 
55-60 b.h.p. also four, tw o and  single cylinder 
types, and one single cylinder horizontal.

W. H. D o r m a n  a n d  Co., L td.,  of Stafford, were 
showing rep resen tative  exam ples of th e ir  light 
Diesel and  petro l and paraffin engines, such as are 
used for d riv ing  portable a ir com pressor un its , one 
such being actually  coupled to  a H olm an set.

P u l s o m e te r  E n g in e e r in g  Co., Ltd. ,  of R eading, 
had  a num ber of pum p installations for m arine 
purposes, th e  principal one being shown working. 
The firm also m anufacture  sinking pum ps and 
o thers specially in te res tin g  to  m ining m en.

A t lan t ic  E n g in e  Co. (1920), L td. ,  of W ishaw, 
Scotland, were showing a high speed Diesel engine, 
such as are m ade in  th ree , four, and six-cylinder 
typ es in  h .p . from 50 to  105 and also petrol-paraffin  
engines such as are m ade in types of 5 to  150 h.p.

Q u a s i - A r c  Co., L td . ,  15, G rosvenor Gardens, 
London, S.W. 1, had  a s tan d  dem onstra ting  
th e  equ ipm en t and  supplies necessary  for th e ir 
system  of a rc  welding, w hich was referred  to  in 
some deta il in  these  colum ns in  th e  M a g a z i n e  
for F eb ru ary  last.

C ro ss ley  Bros. ,  L td . ,  of Openshaw , M anchester, 
were show ing b o th  vertical and horizon tal types of 
th e ir  well-known oil engines including th e  vis-a-vis 
engine recen tly  described here, w hich is being  used 
in  a num ber of m ining properties as a  source of 
pow er for air-com pressors and  such like.

G le n if fe r  E n g in es ,  L td . ,  of A nniesland, Glasgow, 
displayed high speed Diesel engines, w hich operate 
norm ally  betw een 700 and 900 r.p .m ., in six and  four 
cylinder un its . These engines are su itab le  as prime 
m overs for dredging and  excavating  m achinery  and 
th ey  are m ade in  h.p . rang ing  from  45 to  160.

B r o o m  a n d  W ade,  L td . ,  of H igh  W ycom be, were 
dem onstra ting  b o th  s ta tio n a ry  and  p o rtab le  types 
of air-com pressors su itab le  for d irec t coupling or 
be lt or gear drive  from  oil engines or electric 
m otors, including a p a te n t sleeve valve ty p e  of com­
pressor d irect coupled to  a  L iste r Diesel engine.

L a c y - H u l b e r t  a n d  Co.,  L td . ,  of B eddington, 
Croydon, d isplayed high speed air-com pressors 
d irect coupled to  petro l engines, electric m otors, 
etc ., w ith  o u tp u t up  to  80 cu. ft. p er m inu te , suitable 
for pressures up  to  150 lb. p e r square  in c h ; also 
portab le  pe tro l and  electric d riven  air-compressors.

R o ta r y  A ir  C o m p r e s s o r  Co.,  L td . ,  of 12, 
V ictoria  S treet, London, S.W. 1, were showing a 
D em ag ro ta ry  com pressor of 464 cu. ft. p er m inute 
disp lacem ent su itab le  for a final p ressure of 100 lb. 
per sq. in . w hen ru nn ing  a t  980 r.p .m . A nother 
ty p e  of 605 cu. ft. d isp lacem ent a t  a pressure 
of 40 was also shown.

N o r - R u s t  L iq u id  L ead  Co., L td . ,  of Iddesleigh 
House, Caxton S treet, London, S.W . 1, were 
dem onstra ting  N ust, w hich th e y  claim  to  be the 
first absolute anti-corrosive know n th a t  can be 
applied in  one coat. N ust is s ta te d  to  have a 
definite reac tion  to  iron  and  steel w hich causes a 
positive am algam ation  w ith  th e  m etal.

S t r e a m - L i n e  F i l t e r  Co.,  L td . ,  of 45, Horse- 
fe rry  R oad, London, S.W. 1, h ad  a  com prehensive 
exh ib it to  dem onstra te  th e  app lication  and  value 
of th e ir  Hele-Shaw filter, which is a lready  well- 
known in princip le and of which by  far th e  most 
im p o rtan t app lication  is th e  A lteration of heavy 
lubricating  oils in  pow er-plant system s.

J. a n d  H. M c L are n ,  L td . ,  of Leeds, presented 
several exam ples of th e  M cLaren-B enz Diesel 
engine, one such hav ing  six cylinders and  developing 
180 b.h.p., and  a n o th e r of th e  sam e num ber 
developing 90 b.h.p. to g e th e r w ith  sm aller types. 
These engines am ong o th e r uses form  convenient 
p rim e m overs for excavating  and  dredging 
m achinery.

A lf red  H e r b e r t ,  L td . ,  of C oventry , beside their 
No. 6 A trito r  u n it pu lverizer were showing a 
M odave d u st a rreste r, w hich has been specially 
designed for cleaning flue gases and  is therefore 
applicable in  m etallurgy. I t  operates b y  bringing 
th e  gases in to  in tim a te  co n tac t w ith  films of 
running w a ter which catch  th e  d u st and  carry  it 
aw ay to  se ttling  tan k s .

A u to m o tiv e  P r o d u c t s  Co., of B rock House, 
Langham  S treet, London, W ., w ere displaying 
Hercules ligh t engines in  six  and four cy linder types. 
These engines develop 60 b .h .p . a t  1,000 r.p .m ., 
85 b.h.p. a t  1,500 r.p .m ., and 102 b .h .p . a t  2,000 
r.p .m . in  th e  case of th e  6-cylinder m odels, and  are
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suitable for crane, excavato r and dredge drives, also 
for pum ps and air-com pressors.

D ra w in g  Office  M a te r ia l  M a n u f a c t u r e r s ’ an d  
D e a le r s ’ A sso c ia t io n ,  of 168-169, W indsor House, 
London, S.W . 1, occupied a large stand  displaying 
all necessary equ ipm ent for draw ing offices and also 
surveying in stru m en ts. The organization, which 
represents a  num ber of m anufacturers, covers the  
field of m ine and  colliery surveying equ ipm ent and 
exhibited  a num ber of theodolites suitable for such 
work.

T r a n s p o r t i n g  M a c h in e ry  and  E n g in e e r in g ,  
Co., L td . ,  of 76, V ictoria  S treet, London, S.W. 1, 
exhibited  a wide range of m ateria ls-handling  p lan t, 
notably  a portab le  b e lt conveyor w hich has specially 
constructed features, such as : No d riv ing  belt, no 
chains, no long shafts and has e ith e r electric m otor 
or in te rn al com bustion engine drive. F eatures of 
t h e '1 B le ich ert” aerial ropew ays were dem onstra ted  
by cinem atograph films.

S ir  W. G. A r m s t r o n g  W h itw o r th  an d  Co. 
(Engineers) ,  L td . ,  of N ew castle-upon-Tyne, were 
m aking a special feature  of th e  new  Arm strong- 
Sulzer ty p e  Diesel engines of 250 h.p. w hich form 
part of th e  Diesel-electric u n it which is proposed 
for railw ay trac tio n  and has already, in  fact, been 
so used on certa in  railw ay system s and is likely to  
find increasingly wide applications, as is discussed 
elsewhere in  th is  issue.

M u rex  W eld ing  P ro cesse s ,  Ltd. ,  of W altham ­
stow, London, E . 17, which comprises Alloy 
W elding Processes, L td ., and  P rem ier W elding Co., 
L td., occupied a large stand  dem onstra ting  th e ir  arc 
welding equipm ent. E lectrodes of d istinctive  types 
m arketed by each of the  old com panies will rem ain 
unaltered b u t in  each of those cases where electrodes 
of sim ilar characteristics have been produced a 
new ty p e  has been evolved having th e  best 
characteristics of each.

P e t te r s ,  L td. ,  of Yeovil, had several exam ples 
of th e ir  A tom ic Diesel engines such as have 
been described in  these colum ns from tim e to  
tim e, the  m ain  ex h ib it being a  160 b.h.p. four- 
cylinder vertical engine and also a  24 b.h.p. tw in- 
cylinder engine. A special featu re  of these engines 
is th a t  th ey  operate  on th e  tw o-stroke cycle and are 
consequently w ith o u t complex valve m echanism . 
The engine is very flexible and  will run  a t  slow speeds 
for long periods w ith o u t a tten tio n .

Diskon G e a r ,  Ltd. ,  of 64, V ictoria S treet, 
London, S.W. 1, were showing an  en tire ly  new ty p e  
of infinitely variable and reversible speed gear 
which is sufficiently in te resting  to  m erit some 
detailed consideration and  i t  is illustra ted  in 
figures 1, 2, and  3. As will be seen from these, th e  
gear employs rolling con tact betw een ha rd  steel 
surfaces and is in  a position of n eu tra lity , i.e. w ith  
the  o u tp u t shaft a t  rest, in  figure 1. I t  will also 
be seen th a t  th e  disc which is rig id ly  coupled to  the  
input shaft drives th e  o u tp u t th rough  an epicyclic 
tra in  of gears. Figures 2 and  3 show th e  relative 
position of th e  gear tra in  in  relation  to  th e  in p u t 
shaft and th e  resulting  m ovem ent of the  ou tpu t. 
The speed of th e  o u tp u t shaft varies as th e  gear tra in  
is m oved aw ay from th e  centre. Features which 
m ake i t  add itionally  in teresting  are th a t  i t  is proof 
against dam age by m isuse. W hen loaded beyond a 
certain  po in t th e  gear au tom atica lly  stalls by  
p u ttin g  itself in  to  th e  n eu tra l position. I t  is 
specially su itab le  for use in  applications requiring 
varia tions of speed or power, particu larly  when the  
power source is n o t itself flexible, such as an a.c. 
m otor. Am ong such applications m ay be m entioned

F i g . 3 .

its use in winches and hoisting  m achines, conveyors, 
and crushing m achinery.

Davey P a x m a n  an d  Co., L td. ,  of Colchester, 
were showing th e ir  la te st ty p e  six-cylinder to ta lly  
enclosed heavy-du ty  oil engine, capable of 3 0 0  b.h.p. 
when running a t  6 0 0  r.p .m ., which was shown direct 
coupled to  a 2 0 0  k.w., d.c. generator. They were also 
showing a high speed Diesel engine m anufactured
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by  th e ir  associated firm Aveling an d  P o rte r, L td . 
T his is a four-cylinder vertica l valve-in-head ty p e  
capable of developing 50 b.h.p. a t  1,200 r.p .m . and 
was shown coupled to  a 27 k.w. m otor.

R u s to n  a n d  H o rn s b y ,  L td . ,  of L incoln, had  as a 
p rincipal ex h ib it a 200 k.w. generating  set. The 
engine is a  5-cylinder u n it of th e  well-known 
R uston  ty p e  run n in g  on crude oil. On an  ad jacen t 
s tand  th e  R u s t o n - L is te r  M a r in e  Co.,  L td . ,  of 
Im peria l House, K ingsw ay, London, W.C. 2, were 
show ing lig h t Diesel engines, th e  p roduct of th e  
recen tly  affected alliance betw een R uston  and 
H ornsby, L td ., and  R. A. L is te r and  Co., L td ., of 
Dursley, in  a range covering from 5 to  300 b.h.p. 
T he ex h ib it included a 4-cylinder high  speed ty p e  
runn ing  a t '900 r.p .m . and yield ing  64 b.h.p.

R ubberJ  G r o w e r s ’ A ssoc ia t ion  (Inc.), of 2-4 , 
Idol (Lane, London, E.C. 3, staged an  ex h ib it 
to  dem onstra te  th e  im portance of ru b b er in  th e  
engineering industries which included a section

allocated  to  th e  application  of ru bber in  th e  m ining 
industries, in  w hich its  an ti-abrasive  and  a n ti­
corrosive p roperties as well as its  shock and  v ib ra ­
tio n  absorbing qualities are of value. In  connexion 
w ith  th is  ex h ib it th ey  publish a  book covering some 
40 pages en titled  “ R ubber in  E ngineering ,” giving 
som e deta il w ith  regard  to  these app lications such as 
th e  lin ing  of launders, ball-m ills, and suchlike.

M ir r lee s ,  B ick e r to n ,  a n d  Day ,  L td . ,  of S tock­
p ort, and th e  M ir r l e e s  W atson  Co., L td . ,  of 45, 
Scotland S treet, Glasgow, were jo in t occupants of a 
s tan d  devoted to  Diesel engines and  pum ps. The 
engines included a  six-cylinder, 128 b .h .p ., high 
speed R icardo ty p e  engine and  th e  pum ps included 
cen trifugal ty p es and  non-choking. T he firm also 
m anufactu re  bore-hole pum ps and had  p a rticu lars 
available  of one such, which is a  six inch  tw o-stage 
pum p capable of delivering 35,000 gallons of w ater 
pe r hour against a to ta l head of 78 feet. I t  is d riven  
by a  35 h.p. vertical-sp indle m oto r which runs a t  a 
speed of 980 r.p .m .

A N EW  SH A K IN G  SCREEN
In  order to  ob ta in  efficient separa tion  and  high 

o u tp u ts  .w ith sm all screen areas num erous ty p es of 
h igh-frequency v ib ra to ry  screens have  been 
developed from  tim e  to  tim e, p a rticu la rly  in  the 
U nited  S ta tes. W ith  these screens, e ither a 
rectilinear oscillating m otion, perpendicu lar to  the 
screening surface, is b rough t ab o u t by  cam s or 
electro-m agnets, or th e  screening surface is set in 
approx im ate ly  c ircu lar or ellip tic  oscillation by 
an o th er k ind  of eccentric action. I t  is th is  la tte r 
princip le of circular oscillations th a t  is employed 
in  th e  universal v ib ra to ry  screen m anufactured  
b y  F r i e d  K r u p p  G r u s o n w e r k ,  of M agdeburg, 
G erm any.

F or th e  design of th is  screen new developm ents 
in  oscillation technology have  been brough t into 
service w ith  a view  to  p roviding a high-perform ance 
screening m achine w hich should fulfil all the

requirem ents of p ractice  in  regard  to  fine and 
coarse screening. R eferring to  th e  accom panying 
illu stra tion , th e  m otion  is im p arted  by  w ay of the 
cen tre  of th e  th ree  supporting  shafts and  th is 
m otion  is an  ap prox im ate ly  c ircu lar one (in the 
vertical plane). The m otion is as i t  were repeated 
b o th  above and  below th e  cen tre  line  b y  reason 
of th e  fact th a t  th e  tw o o th er supporting  shafts 
a re  m ounted  in  cylinders of th ic k  ru b b e r which 
a c t as buffers. (In  th e  illu s tra tio n  th ese  rubber 
buffers, of which tw o are  visible, ap p ear white.) 
The unbalanced pu lley  m echanism  which 
con tribu tes th e  m ovem ent referred to  is be lt driven 
from  th e  pulley  w hich is seen extending  from  the 
cen tre  shaft.

Owing to  th e  em ploym ent of these  circular 
oscillations which have an  am p litu d e  of AT11 
to  J th  in . and  a  frequency of 1,800 to  2,000 per 
m inute , th e  sieving action  p er square  foot of screen 
a rea  is of th e  ve ry  h ighest efficiency. According 
to  th e  m esh size, th e  screening surface tak es the

K r u p p s ’ U n i v e r s a l  O s c i l l a t i n g  S c r e e n .
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form of a rig id  b o tto m  or of a stre tched, v ib rating  
sieve. T he driv ing  shaft runs in  heavy  roller 
bearings, its  end journals, and  hence also th e  drive 
pulley, m aking  no oscillatory m otion.

If a particu la rly  sharp separation  of th e  m ateria l 
is required  th is  can  be obtained by m eans of a 
circular oscillatory m ovem ent coun ter to  th e  
direction of feed trave l, th e  screen being set a t  a 
steep angle. In  th is  case th e  m ateria l is frequently  
tu rned  over and  is held back on th e  screening 
surface for an  appreciable period. In  th e  case of 
wet screening, also, where w ater is supplied from  
sprinklers, th e  universal v ib ra to ry  screen gives a 
first ra te  perform ance. D epending upon th e  na tu re  
of the  m ateria l and th e  degree of fineness required, 
the screen is set a t  an  inclination  vary ing  between 
0° and 40°, ad ju s tm en t of th e  telescopic tubes 
which fix th e  angle being readily  carried ou t while 
the  'screen is in  action. The screen box of all 
m achines can  tak e  up  to  th ree  super-im posed 
screens, th e  coarsest m esh being on top.

The high specific o u tp u t of th e  universal v ib rato ry  
screen perm its th e  screening areas to  be heavily  
charged, giving, in  spite of this, clean separation  
of th e  undersize, as th e  tu rn ing-over m ovem ent 
of th e  m ateria l upon th e  screen brings all p a rts  
of i t  in  co n tact w ith  th e  screen’s surface in  rap id  
succession. The screen is m ade in  sizes (approx.)
2 ft. by  4 ft. 11 in ., 2 ft. 8 in. by  6 ft. 6 in., and
3 ft. 3 in. by  8 ft. 2 in.

METAL MARKETS
C o p p e r .—The quo ta tio n  for electrolytic copper in 

New Y ork was easy during th e  p a s t m onth , receding 
from 7-75 cen ts to  7'25 cents p er lb. f.a.s. In  
London, S tandard  values, a fte r a period of unse ttle ­
m ent, were stim ulated  by th e  B ritish  abandonm ent 
of the  gold stan d ard  and  th e  consequent deprecia­
tion in sterling, b u t th e  ne t gain, on balance, proved 
to be small, p a r tly  owing to  th e  world-wide 
depression and  p a rtia lly  because of th e  subsequent 
recovery in th e  sterling exchange. E xpressed in 
gold currencies, S tandard  values are actually  down 
on th e  m onth. An in te rnational m eeting of p ro ­
ducers is to  be held to  endeavour to  secure a  fu rth er 
reduction in o u tpu t. They are still holding enormous 
stocks.

Average price of Cash S tandard  Copper : Septem ­
ber, 1931, ¿31 11s. Id. ; A ugust, 1931, ¿32 12s. 3d. ; 
Septem ber, 1930, ¿46 6s. ; August, 1930, ¿47 1 Is. 4d.

T i n .—The Am erican quo ta tio n  for tin  last m onth  
fell steadily  from  27-12J cen ts to  22-50 cents per lb., 
and th is probab ly  ab ou t indicates th e  real tren d  
of th e  m arket, though  in  London sterling prices, 
a fter falling from  ab ou t ¿121 to  ¿111 spurted  to  
¿132 when B rita in  w ent off th e  gold standard . 
Subsequently, on continued world trad e  depression 
and  th e  sterling recovery, th e  London quotation  
eased again to  ¿123. The world industria l outlook 
rem ains ra th e r gloomy, b u t tin  values m ay be kept 
up to  some ex ten t by  th e  drastic  control which 
producers a re  now exerting  over o u tp u t, though of 
course such m ethods are econom ically unsound.

Average price of Cash S tandard  T in : Septem ber, 
1931, ¿117 17s. lOd. ; A ugust, 1931, ¿114 19s. Id . ; 
Septem ber, 1930, ¿132 14s. ; A ugust, 1930,
¿135 Is. 2d.

L e a d .— D ull conditions prevailed on th e  London 
m arket early  in Septem ber, b u t when sterling began 
to  slide considerable buying developed on th e  p a r t  
of consum ers and  prices were rushed up, only 
eventually  to  recede again. Opening th e  m onth  a t

ab ou t ¿11 5s., p rom pt fell to  ab ou t ¿10 10s. by  the  
m iddle of Septem ber, b u t spurted  to  ¿15 10s. a fter 
B rita in  w ent off th e  gold standard , finally closing a t  
ab o u t ¿14 3s. 9d. A t one tim e lead quo tations in 
London advanced ou t of all p roportion  to  th e  
read justm en t necessary on account of th e  exchange 
position, b u t th ey  finally closed th e  m onth w ithout 
any  appreciable m ovem ent in relation  to  gold 
values. In  Am erica th e  quo tation  kep t steady  a t  
4.40 cents per lb.

Average m ean price of soft foreign lead : Septem ­
ber, 1931, ¿11 19s. 6d. ; A ugust, 1931, ¿11 19s. 4d. ; 
Septem ber, 1930, ¿17 17s. ; August, 1930, ¿18 4s. 8d.

S p e l t e r .— Opening Septem ber a t  ab o u t ¿11 10s., 
p rom pt values were ra th e r easy during th e  early  
p a r t  of th e  m onth  and  were quoted  a t  ¿10 7s. 6d. 
on Septem ber 18 ju s t prior to  th e  abandonm ent by 
B rita in  of th e  gold standard . Prices th en  rose, 
¿13 16s. 3d. being quoted  for p rom pt on Septem ber 
25, b u t a subsequent relapse b rought th e  quotation  
down to  ¿12 17s. 6d., w ith  forw ard values com ­
m anding a prem ium  (as had  been th e  case th rough­
o u t th e  whole of th e  m onth). Gold equivalents 
actually  registered a  loss on th e  m onth in which 
connexion it  m ay be noted th a t  th e  Am erican 
price was m arked down from  3-80 cents to  3-65 cents. 
The stocks held by  th e  m em bers of th e  In te r­
national Cartel are reported  to  have been reduced 
fu rth er during August.

Average m ean price of spelter : Septem ber, 1931, 
¿11 16s. 4d. ; A ugust, 1931, ¿11 14s. 7d. ; Septem ­
ber, 1930, ¿15 18s. 5d. ; A ugust, 1930, ¿16 4s. 2d.

I r o n  a n d  S t e e l .— The B ritish pig-iron m arket 
received a sudden stim ulus in the  la tte r  half of 
Septem ber as a resu lt of th e  depreciation of sterling. 
B oth hom e and foreign buying expanded as a result 
of th is  and a lthough  large stocks of surplus m aterial 
a re  held which will probab ly  delay an y  large-scale 
resum ption of operations a t  idle p lan t, th e  outlook 
is undeniably  m uch m ore cheerful Cleveland 
m inim um  prices rem ained steady, w ith  No. 3 
foundry  priced a t  58s.'6d. p er ton. H em atite  m oved 
up sharply  and a t  th e  close of Septem ber ruled a t 
abou t 65s. per to n  for E as t Coast Mixed Num bers. 
Im ports of C ontinental pig-iron and  steel were 
sharply checked by th e  fall in the  exchange and 
C ontinental producers are now re lu c tan t to  quote 
in sterling in view of th e  losses which th ey  have 
sustained a lready b y  th e  devaluation  of th e  pound. 
I t  is likely th a t  th e  B ritish steel industry  will soon 
begin to  benefit from th e  changed conditions. I ts  
presen t situation  is extrem ely gloomy, however, 
m ost m ills being bad ly  in  need of fresh orders.

I r o n  O r e .— There has been very  little  business 
tran sac ted  during th e  p ast m onth, b u t th e  devalua­
tion  of sterling has led to  a  critical situation. 
M any ironm asters bo th  here and  on th e  Continent 
have long-term  contracts based on sterling, and 
a lthough th ey  are very well satisfied w ith  th e  tu rn  
of events, th e  mines are likely to  be very  seriously 
affected. F o r th e  tim e being quotations are purely  
nominal.

A n t i m o n y .— English regulus was m arked up 
during  th e  m onth  to  ¿40 to  ¿42 10s., w hilst a t  th e  
close Chinese regulus was quoted around ¿25 5s., 
ex warehouse, w ith  forw ard shipm ent from  th e  
E as t entirely  nominal.

A r s e n i c .— Cornish w hite is very  scarce and 
prices are nom inal a t  ¿21 to  ¿22 per to n  f.o.r. 
mines. For th e  p resen t Mexican is n o t quoted 
here owing to  exchange difficulties.

B i s m u t h .— D uring Septem ber th e  official price 
fell to  4s. 9d. per lb. for 5 cwt. lots and over, b u t
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LOND ON D A IL Y  M ETA L PR IC E S .
Copper, Tin, Zinc, and Lead per Long Ton ; Silver per S tandard Ounce ; Gold per Fine Ounce.

CO PPER .
TIN .

ZINC
(Spelter).

LEAD . SIL V E R .

GOLD.S t a n d a r d . E l ectr o ­
l y t ic .

B est
Se l e c t e d .

Soft
F o r e ig n . F.n g l is h . Cash. F or­

ward.
Cash. 3 Months. Cash. 3 Months.

Sept. £ s. d. £ s. d. £ s. d. £ s. d. £ s. d. £ s. d. £ s. d. £ s. d. £ s. d. d. d. s. d.
11 30 1 101 30 18 14 34 10 0 31 10 0 115 6 3 117 16 3 10 17 6 10 16 3 12 5 0 1 3 * 131 84 9 |
14 29 1C 74 30 8 14 34 0 0 — 114 11 3 117 1 3 10 15 0 10 13 9 12 0 0 13 1 3 * 84 94
15 29 6 3 30 1 3 34 2 6 30 10 0 113 16 3 116 6 3 10 18 9 10 12 6 12 0 0 13 1 3 * 84 114
16 28 11 3 29 8 9 34 0 0 — 110 17 6 113 7 6 10 12 6 10 11 3 12 0 0 13 1 3 * 84 104
17 28 4 44 28 19 44 33 0 0 — 111 11 3 114 1 3 10 6 3 10 8 9 12 0 0 121 13 84 114
18 27 14 44 28 9 44 33 0 0 29 5 0 111 1 3 113 11 3 10 7 6 10 13 9 12 0 0 12f 121 84 114
21 32 16 3 33 11 3 36 10 0 — 118 17 6 121 7 6 11 15 0 12 12 6 14 0 0 14f 144 84 94
22 30 12 6 31 7 6 36 10 0 32 0 0 117 18 9 120 11 3 12 5 0 12 15 0 14 5 0 m 144 99 7
23 32 8 9 33 6 3 38 0 0 — 119 18 9 122 16 3 12 12 6 13 5 0 14 15 0 161 164 100
24 33 6 3 34 6 3 38 15 0 — 126 12 6 130 8 9 13 0 0 14 10 0 16 0 0 154 16 103 5
25 35 11 3 36 13 9 43 10 0 37 10 0 132 7 6 136 12 6 13 16 3 15 10 0 16 10 0 194 1 9 « 114 9
28 33 18 9 35 3 9 41 10 0 — 125 2 6 129 12 6 12 17 6 13 15 0 15 5 0 162 1 6 * 108 1
29 33 17 6 35 8 9 41 10 0 36 10 0 122 12 6 126 12 6 12 12 6 14 8 9 15 15 0 16s 1 6 * 105 3
30 33 8 9 34 8 9 41 0 0 — 122 18 9 126 17 6 12 17 6 14 3 9 15 10 0 1 6 * 164 105 3

O ct.
1 32 8 14 33 5 74 40 10 0 — 120 7 6 124 3 9 12 6 3 13 2 6 14 10 0 1 5 « 164 103 8
2 32 6 3 33 6 3 39 15 0 35 15 0 122 2 6 125 12 6 11 17 0 13 0 0 14 10 0 1 5 « 164 104 3
5 34 13 9 35 13 9 41 10 0 — 125 17 6 130 12 6 12 0 0 13 5 0 14 15 0 171 1 7 * 108 6
6 33 3 9 34 3 9 40 15 0 36 5 0 124 11 3 128 13 9 12 0 0 12 15 0 14 5 0 161 17 108 3
7 33 16 104 34 16 104 41 7 6 — 124 3 9 128 6 3 12 3 9 12 15 0 14 5 0 161 17 105 8
8 34 9 44 35 10 0 41 7 6 — 125 2 6 129 3 9 12 7 6 12 15 0 14 5 0 1 7 * 174 107 8
9 34 8 9 35 9 44 41 7 6 37 0 0 127 15 0 129 17 6 12 13 9 12 18 9 14 5 0 171 1 7 * 107

when sterling w ent oil th e  gold s tan d ard  th is  was 
raised to  5s. 4d., which is th e  cu rren t quo tation .

C a d m i u m .— Q uotations for th is  m etal have 
apprecia ted  owing to  th e  fall in th e  ¿  and  some 
su bstan tia l sales have been effected. A fter rising 
to  ab o u t 2s. 3d. to  2s. 4d. pe r lb., th e  cu rren t price 
is ab ou t 2s. l |d .  to  2s. 2 |d .  per lb., according 
to  q u an tity .

C o b a l t  M e t a l .— F o r  t h e  t i m e  b e i n g  t h e  o f f i c i a l  
q u o t a t i o n  i s  m a d e  i n  A m e r i c a n  d o l l a r s  a t  3 ’7 5  
d o l l a r s  p e r  k i l o .

C o b a l t  O x i d e s .— Q uotations are very  nom inal 
owing to  th e  fluctuating  value of th e  ¿, b u t black 
is somewhere ab ou t 4s. lOd. per lb. and  grey 
5s. 8d. to  5s. 9d. per lb.

C h r o m i u m  M e t a l .—Values have been ad justed  
to  ab o u t 3s. l£d . per lb.

T a n t a l u m .— A t th e  m om ent i t  is very  difficult 
to  give a quo ta tio n  for th is  m etal, b u t somewhere 
in th e  neighbourhood of ¿40 pe r lb. p robab ly  
represents th e  cu rren t value.

P l a t i n u m .— W ide varia tions in prices have been 
seen in our m arket, b u t basically  th e  value has no t 
a ltered . C urrent quo tations a re  ab o u t ¿9 12s. 
to  ¿9 19s. p er oz.

P a l l a d i u m .— A bout ¿4 5s. to  ¿4 10s. per oz. 
is th e  cu rren t quotation .

I r i d i u m .— Q uotations a re  variab le  according to  
exchange m ovem ents, b u t a t  th e  m om ent sponge 
and powder s tand  a t  ab o u t ¿23 per oz.

O s m i u m .— Business has been slow owing to  th e  
u n certa in ty  of prices. A t th e  m om ent ab o u t ¿13 
per oz. is nam ed.

T e l l u r i u m .— In  th e  absence of dem and prices 
are nom inal.

S e l e n i u m .— Q uotations have been w ithdraw n 
tem porarily  pending a clearer outlook as regards 
th e  value of sterling.

M a n g a n e s e  O r e .— H ard ly  an y  n e w  business 
has been tran sac ted  during  th e  p a s t m onth , and 
despite  th e  devaluation  of Sterling quotations 
are nom inally  no higher a t  10 |d . to  l id .  pe r u n it 
c.i.f. for best Ind ian , 9d. to  9£d. c.i.f. for second 
grade In d ian  and  9d. to  9 |d .  c.i.f. for washed 
Caucasian.

A l u m i n i u m .— The hom e trad e  price has been 
advanced  to  ¿95 per ton , less 2% , for ingots and

b ars owing to  th e  depreciation  in  th e  ¿, and  for 
th e  tim e being export q u o tatio n s a re  nominal. 
I t  is rum oured  th a t  th e  E uropean  Consortium  
in tends quoting  in gold ¿ ’s and  Swiss francs in 
order to  be able to  ensure s tab ility  of prices.

S u l p h a t e  o f  C o p p e r .— English m ateria l is 
now quoted  a t  ab o u t ¿17 10s. to  ¿18 per ton, 
less 5% .

N i c k e l .— A fter years of stab ility  q uo tations have 
m oved rap id ly  in keeping w ith  th e  a ltering  values 
of sterling and, a fte r rising to  ¿220 to  ¿225 per 
ton , now s tan d  a t  ¿215 to  ¿220, according to  
qu an tity .

C h r o m e  O r e .— Prices have rem ained unchanged 
basically, b u t ind iv idual orders are trea te d  on their 
m erits and  subjected  to  such increases as are 
necessitated  by  exchange considerations. N om inally 
good 48%  R hodesian  ore rem ains a t  80s. per ton 
c.i.f. and  55 to  57% New Caledonian a t  95s. to  
100s. c.i.f., p lus th e  ex tra s  m entioned above.

Q u i c k s i l v e r .— Q uotations here have  advanced 
owing to  th e  depreciation  in th e  ¿, th e  present 
value being ab o u t ¿21 p er bo ttle , ne t, for spot 
m aterial.

T u n g s t e n  O r e .— H ard ly  an y  business has been 
done during th e  p a s t m onth  and  only th e  vaguest 
ideas of values a re  obtainable . Forw-ard shipm ent 
from  China seems to  be som ewhere ab o u t 15s. to  
16s. per u n it c.i.f.

M o l y b d e n u m  O r e .— Values have  been revised 
to  th e  new level of sterling, 80 to  85% concentrates 
s tand ing  a t  ab o u t 36s. to  38s. p er u n it  c.i.f.

G r a p h i t e .— Business is slow and  quotations 
nom inal a t  ab o u t ¿15 to  ¿16 pe r ton  c.i.f. for 85 to 
90% raw  M adagascar flake and  m uch th e  sam e for 
90% Ceylon lumps.

S i l v e r .— This m ark e t wras w ithou t an y  p a rticu la r 
developm ents during th e  early  p a r t  of Septem ber, 
spot bars opening a t  1 2 'd . on Septem ber 1 and 
closing a t  12^gd. on Septem ber 19. W ith  the  
suspension of th e  gold s tan d ard  in th is  country , 
however, prices advanced  rap id ly  and  som e heavy 
buying was seen, some of which w'as of a speculative 
natu re . T ow ards th e  end of th e  m on th  a  ra th e r 
easier tendency  developed, spo t b a rs  closing a t  
16T5d. on Septem ber 30, a fte r  hav in g  touched 
1 9 |d . on Septem ber 25.
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STATISTICS
PRODUCTION OF GOLD IN  TH E TRANSVAAL.

R a n d .
E l s e ­

w h e r e . T o ta l .

Oz. Oz. Oz.
September, 1930 ............... 860,311 42,865 903,176
O c to b e r................................ 884,632 41,929 926,561
November .......................... 844,038 40,715 884,753
December ............................ 867,202 41,290 908,492
January , 1931 ................... 873,872 40,704 914,576
February .............................. 800,991 38,946 839,937
March .................................. 869,331 41,667 910,998
A p ril...................................... 840,259 42,078 882,337
May......................................... 867,949 42,330 910,279
J u n e ....................................... 855,073 42,677 897,750
J u l y ....................................... 872,198 44,645 916,843
August................................... 870,822 45,603 916,425
September .......................... 872.053 43.971 916,024

TRANSVAAL GOLD OUTPUTS.

Brakpan ...................
City Deep ...............
Cons. Main Reef . . .
Crown Mines.............
DTb’n Roodepoort Deep
East Rand P.M........
Geduld.......................
Geidenhllis Deep . . .  
Glynn's Lydenburg 
Government G.M. Areas
Kleinfontein .................
Langlaagte E state . . . .
Luipaard’s V le i .............
Meyer and Charlton . .  . 
Modderfontein New. . .  .
Modderfontein R .........
Modderfontein Deep . . 
Modderfontein East . . .  
New State Areas . . . .
Nourse ............................
Randfontein .................
Robinson D e e p .............
Rose Deep .....................
Simmer and J a c k .........
S p rings ............................
Sub N ig e l........................
Transvaal G.M. Estates
Van Ryn ........................
Van Ryn Deep .............
West Rand Consolidated
West S p rin g s .................
Witw’tersr'nd (Knights) 
Witwatersrand Deep . .

A u g u st .

Treated
Tons.

93.000
50.000
67.700

267.000
48.200 

160,500
86,600
74.200 

6,200
204.000

48.800
78.000
31.000 
18,300

166.000
76.500
44.700
72.500
82.000
72.000 

235,000
98.500
62.500 
74,100
71.000
36.500 
16,400
45.000
62.000
94.500
72.800 
64,000 
36,600

Yield
Oz.

£151,481
20,629
22.S14
84,196
15,328
43,009
27,586
16,949

2,594
£403,519

10,158
£110,535

£32,998
£18,059

66,816
22,668
22,614
21,527

£170,290
21,389

£266,474
28,476
12,612
20,812

£144,950
30,526

5,269
£43,111
£95,599

£106,305
£74,657
£53,913

11,569

S e p t e m b e r .

Treated
Tons.

96.500
77.000 
66,300

264.000
46.800

156.000
84.200
72.500 

6,190
203.000

49.200
82.000
30.500 
17,600

164.000
74.000
44.200
72.500
53.000
70.000

230.000
97.500
61.000
76.800
73.000
36.000
16.000
45.000
66.000
91.500 
72,400 
62,000
36.800

Yield
Oz.*

£148,560
20.013 
22,503 
83,436 
15,109 
41,743 
26,881 
16,941
2,594 

£403,979 
9, 955 

£112,656 
£32,833 
£17,767

65.014 
22,103 
21,976 
21,518

£171,364
21,107

£262,721
28,140
12,634
22,183

£150,279
30,198

5,085
£42,750
£97,889

£103,601
£74,450
£52,895

11,694

* Septem ber values in S.A. currency.

COST AND PR O FIT  ON TH E RAND, Etc.

Compiled from official statistics published by the Transvaal 
Chamber of Mines.

Tons
milled.

Yield 
per ton.

W ork’g 
cost 

per ton.

W ork’g 
profit 

per ton.

Total
working

profit.

s. d. s. d. s. d. £
J u n e ,1930 . . . 2,651,970 28 2 19 7 8 7 1,141,197
July ............. 2,706,900 28 5 19 8 8 9 1,184,107
August ......... 2,693,100 28 3 19 6 8 9 1,174,828
Septem ber. . . 2,653,250 23 5 19 8 8 9 1,160,430
October . . . . 2,741,080 28 5 19 7 8 10 1,212,822
November . . . 2,628,800 28 4 19 7 8 9 1,145,097
D ecem ber.. . . 2,661,200 28 6 19 9 8 9 1,160,548
January, 1931 2,721,316 28 3 19 8 8 7 1,171,456
February . . . . 2,481,600 28 6 20 1 8 5 1,045,980
M a rc h ........... 2,718,400 28 2 19 9 8 5 1,151,017
A pril............... 2,592,800 28 7 20 1 8 6 1,105,711
M a y ............... 2,751,400 27 10 19 6 S 4 1,149,105
J u n e ............... 2,698,100 28 0 19 7 8 5 1,140,399
J u ly ............... 2,771,400 27 10 19 6 8 4 1,155,466
A ugust........... — 1,159,382

NATIVES EM PLOYED IN  TH E TRANSVAAL MINES.

G old
Min e s .

Coal
M in e s .

D iamond
Min e s . T o ta l .

Septem ber 30, 1930 205,061 14,706 5,767 225,534
October 3 1 ............... 206,778 14,482 5,032 226,292
November 3 0 ........... 205,030 13,973 4,748 223,751
December 3 1 ........... 203,473 13,763 4,607 221,843
Jan u ary  31, 1931. .. 209,442 13,865 4,325 227,632
February 28 ........... 209,777 13,740 4,333 227,850
March 31 ................. 207,239 13,436 4,106 224,781
April 30 ..................... 206,770 13,242 4,030 224,042
May 31 ................... 207,109 13,305 3.6S9 224,103
June 30 ................... 207,209 13,286 3,345 223,840
Ju ly  3 1 .................... 208,155 13,512 1,817 223,484
A ugust 3 1 ................. 209,409 13,563 1,705 224,677
Septem ber 30 ........... 209.424 13.276 1,626 224,326

PRODUCTION OF GOLD IN  RHODESIA.

1928 1929 1930 1931

oz. oz. oz. oz.
Jan u ary ................... 51,356 46,231 46,121 45,677
February ............... 46,286 44,551 43,385 42,818
M a rc h ..................... 48,017 47,388 45,511 42,278
April ..................... 48,549 48,210 45,806 43,776
May ........................ 47,323 48,189 47,045 43,731
J u n e .......................... 51,762 48,406 45,208 44,118
Ju ly  ........................ 48,960 46,369 45,810 44,765
August..................... 50,611 46,473 46,152 43,292
Septem ber............... 47,716 45,025 46,151 —
October ................. 43,056 46,923 45,006 —
November ............. 47,705 46,219 44,351 _
D ecem ber............... 44,772 46,829 46,485 —

RHODESIAN GOLD OUTPUTS.
A u g u st . S e p t e m b e r .

Tons. Oz. Tons. Oz.

Cam and M o to r............. 24.S00 9,803 24,800 9,803
Globe and Phoenix . . . 6,200 5,244 6,004 5,185
Lonely R e e f ............... 7,400 3,290 7,500 3,350
Luiri Gold ..................... 1,083 £4,286 — _
Rezende ....................... .. 6,400 2,652 | 6,400 2,633
Sherwood S tar ............. 4,800 £8,754 4,600 £9,251
W anderer Consolidated 15.400 3,724 14,900 3,278

W EST AFRICAN GOLD OUTPUTS.
A u g u st . S e p t e m b e r .

Tons. Oz. Tons. Oz.
Ariston Gold Mines . 4,571 : £6,662 — .—
Ashanti Goldfields . .  12,610 14,477 12,683 15,302
Taquah and Abosso. . 9,859 ! £14,957 9,854 1 £14,864

AUSTRALIAN GOLD OUTPUTS BY STATES.
Western

Australia. Victoria. Queensland.

Oz. Oz. Oz.
September, 1930 ....................... 32,034 1,992 429
O c to b e r ........................................ 39,687 1,685 628
November .................................. 33,708 2,174 436
December .................................... 42,097 3,105 260
January , 1931.............................. 27,306 .— 405
F e b ru a ry ...................................... 38,370 4,458* 458
March .......................................... 34,946 4,482 898
April ............................................. 38,891 3,250 732
M ay................................................. 38,255 4,196 784
J u n e ............................................... 47,507 3,194 893
J u ly ................................................ 38,785 ---- 1,220
A u g u s t.......................................... 52,501 -- --
S ep tem ber.................................... 38,173 — . --

* Jan . and Feb.
AUSTRALASIAN GOLD OUTPUTS.

Au g u s t . Se p t e m b e r .

Tons Value £ Tons. Value £

Associated G.M. (W.A.) . .
B lackwater (N.Z.) ...........
BoulderPersev'ce(W .A.). .  
G rt. Boulder Pro. (W.A.) . 
Lake View & S tar (W.A.) 
Sons of Gwalia (W.A.) . . .  
South Kalgurli (W.A.) . . .  
W aihi (N.Z.) .....................

5,010
3,550
7,304

10,171
17,062
13,050

9,006
18,052+

8,270 
6,811 

16,210 
26,692 
28,836 
15,434 
15,589 

/  5,979* 
1 43,008+

5,218
3,869
7,426
9,585

12,576
8,761

17,771§

8,046
8,674

18,762
26,219

14,742 
16,078 

I 5,780* 
1 38,733+

* Oz. gold, t  Oz. silver. £ To August 22. § To Sept. 19.



238 T H E MINING MAGAZINE

GOLD OUTPUTS, KOLAR D ISTRICT, IN D IA .

A u g u st . Se p t e m b e r .

Tons Total Tons Total
Ore Oz. Ore Oz.

Balaghat .................... 3,700 2 ,110 3,600 2,107
Champion R e e f ......... 8 ,400 5,435 8,120 5,456
M ysore.......................... 11,948 5,809 14,170 7,003
Nundydroog ............. 9,003 5 ,975 10,248 6,725
Ooregum .................... 11,953 5,612 12,050 5,908

M ISCELLANEOUS GOLD, SILV ER, AND PLATINUM  
OUTPUTS.

A u g u st . S e p t e m b e r .

Tons Value £ Tons Value £

Chosen Corp. (Korea) . . . 9,670 15,095 9,900 15,150
Frontino Gold (C’lbia) . . . 3,890 15,584 3,720 16,180
F resn illo .............................. 81,341 10,189df .— ■ —
New Goldfields of V ene­

zuela ................................. 5 ,670 1,880* 6,159 —

O riental Cons. (Korea) . . 16,416 91,363d 16,699 96,837¿
R e m an ce ............................. — — 2,800 3,835
St. John del Rey (Brazil). .— 40,800 — 44,000
Santa G ertrudis (Mexico) . 31,526 5 3 ,151d — —
W est Mexican M ines......... 1,750 32,000d

¿D ollars . * O z .g o ld . t  Loss

PRODUCTION OF TIN  IN  FED ER A TED  MALAY STATES. 
Estim ated a t 72% of Concentrate shipped to  Smelters. Long Tons.
January , 1931 . 
February
M arch .............
A p r il ...............
May ...............
J u n e ...............

5,450 July , 1 9 3 1 ....................
5,470 A u g u s t..........................
4,461
4,510

S ep te m b er....................
O c to b e r ........................

5 ,089 N o v em b e r...................
4,813 December ...................

4,757
5,375
2,449

OUTPUTS OF MALAYAN T IN  COMPANIES. 
I n L ong  T ons o f Co n c e n t r a t e .

J u ly A u g u s t S e p t .

Ayer H itam  ................................ 1481 — 1014
B atu C av es ................................... 30 38 27
Changkat ..................................... oo 95 70
Gopeng ......................................... 72 37 32
Hongkong Tin ............................ 133 9 | 1314
Idris Hydraulic .......................... 33* 34 274
I p o h ............................................... 17* 23 ä 24
K am par Malaya ........................ 78 32 16
Kampong L a n ju t ........................ 73 90 45
K a m u n tin g .................................. 237 197 1584
Kent (F .M .S .).............................. 36 28 34
K in ta ............................................. 23* 18 1 3 |
K inta K ellas ................................ — —

K ram at T in ................................... 95 95 —

Kuala K a m p a r............................ 46 21 29
K undang ....................................... 18 10 7
L ahat ............................................. 17* 174 16
Lower P e r a k ................................ 116 — •— -
Malaya C onso lidated ................. 27* 3 9 Î ■— -
Malayan T i n ................................ 153 102 85
Malim N a w a r .............................. 25 27 22
Pahang ......................................... 262 221 123
Penaw at ....................................... 81* — 6 5 |
Pengkalen .................................. 68 134 554
P e ta lin g ......................................... 114* 87 69
Rahm an ....................................... 71* 714 40
R am butan .................................. 10* 4 12
R antau ......................................... 14 17 28
R aw an g ......................................... 150 122 40
Rawang C oncessions................. 60 68 30
Renong ......................................... 27* 37 38
Selayang ..................................... 14* 15 154
Southern M a la y an ...................... 151* 120 844
Southern Perak .......................... 20* -  - 304
Southern T r o n o h ........................ 39 .— ■ 30
Sungei B e s i .................................. 47 58 32
Sungei K inta .............................. 18 23 3 3 Î
Sungei W ay ................................ 77* 3 2 i 744
Taiping ......................................... 22 21 20
T a n jo n g ......................................... — ■— 351
Teja Malaya ................................ 18* — —
Tekka ........................................... 29 44è 22
T ekka-Taiping.............................. 76 51 51
T e m e n g o r..................................... 9 f 7 ł 94
T e m o h ........................................... ---- — ----

Tronoh ......................................... 81 72 60
Ulu K lang..................................... — — m

O UTPUTS OF N IG E R IA N  T IN  M ININ G  COMPANIES. 
I n L ong  T ons o f Co n c e n t r a t e .

A nglo-N igerian...........
Associated Tin Mines.
Baba R iv e r .................
B atura M onguna.........
B is ic h i..........................
D affo...............................
Ex-L ands ....................
F i la n i ............................
Ja n  ta r ............................
J o s .................................
Juga Valley ................
K aduna S y n d ic a te ... 
K aduna P rospecto rs ..
K a s sa ............................
London Tin ...............
Lower B is ic h i.............
N araguta Extended . 
Nigerian Consolidated
Offin R iver....................
Ribon Valley .............
Tin F ie ld s ....................
U nited Tin A re a s___
Yarde K erri ...............

J u ly Au g u st Se p t .

47 444 4 8 |
200 247 227

4 4 4
— 11 .—

41 39 43
6 64 —

48 54 50
— 34 —

22 22 23
13 13 —

6 84 9
20 21 —

13 17 — .

11 10 11
140 144 200

4 44 —

74 11
3 34 34

14 16 144
6 — 54

164 164 18
4 5 4

OUTPUTS OF O TH ER  T IN  M INING COMPANIES. 
I n L ong  T ons o f  Co n c e n t r a t e .

J u ly A ugu st S e p t .

Anglo-Burma (B urm a)............... 384 — -

Aramayo Mines (B o liv ia )......... 244 169 190
Bangrin (Siam) .......................... 924 1014 1114
B eralt ......................................... 34* 34* 324
Consolidated Tin Mines (Burma) 116 180 140
E ast Pool (Cornwall) ............... 484 484 —
Fabulosa (B o liv ia)...................... 58 454 —
K agera (U ganda)........................ 10 6 16
K a tn ra ............................................ 60 544 ----
M alaysiam Tin .......................... 64 64 84
M awchi........................................... 211* 209* ■—

P atino ............................................. 1,306 9924 —
P a tta n i........................................... 69 150 .—
San Finx (S p a in ) ........................ 22* 21* —
Siamese Tin (S ia m ) .................... 1904 214 1904
T avoyT in  (B u rm a ).................... 50 75 62
Tongkah H arbour (S iam )......... 54 40 65
Toyo (Japan )................................. 754 68 66

* Tin and W olfram.

CO PPER , LEAD, AND ZINC OUTPUTS.

Broker, H ill South . . . .  /  Tons lead conc. ; ;

Burm a Corporation . . .  { 5 ^ ^ “ s i l t e r '
Electrolytic Z in c   Tons z i n c .............
Indian C o p p e r ...............  Tons copper . . . .
M essina  Tons copper . . . .
M ount Isa ......................  Tons lead bullion
M ount L y e ll.................... Tons concentrate
N orth Broken H ill  i  Jo n s  *®ad conc- • •IT ons zinc conc. . .
Rhodesia Broken Hill . 4 £ oas : .........I Ions slab zinc . . .  
Roan A ntelope...............  Tons concentrates
San Francisco Mexico . •{ Xons *®ad conc* • • ( Ions zinc conc. . .
T e tiu h e ............................  ■! J ons 1®ad conc- • •I Tons zinc conc. . .
T r e p c a   /T o n s  lead conc. . .

^Tons zinc conc. . .
Zinc Corporation .........  I Tons lead conc. . .

* ( Tons zinc conc. . .

* To Sept. {

A u g u st Se p t .

4,199 5,692
4,583 6,110
5,880 5,880

460,000 ' 460,000

354 351
801 717

2,264 2,286
3,755* —
4,900 —
4,530 —

274 344

4,790 6,660
3,571 3,808
3,345 3,536
1,010 675
2,177 2,201
3 ,632 2,972
3,385 3,787

— —
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IM PORTS O F ORES, METALS, ETC., INTO UNITED  KINGDOM.

July. August.

Iron O r e ............................ 176,247 154,739
Manganese O re................... 7,150 4,466
Iron and S te e l ........................ 231,017 201,920
Copper and Iron P y r i te s ......... 21,283 25,697
Copper Ore, M atte, and Prec. . .Tons . . 3,141 2,871
Copper M e ta l.......................... 14,932 14,362
Tin Concentrate ........................ 5,316 5,530
Tin M e ta l ..................................... 1,134 586'
Lead Pig and Sheet................... 30,301 16,503
Zinc (Spelter) ............................ 13,312 7,920
Zinc Sheets, e tc ........................... 1,903 2,599
Aluminium ................................ 685 869
Mercury......................................... 69,796 95,446
Zinc O x id e ................................... 636 1,421
White L e a d ................................ 13,829 16,655
Red and Orange L e a d ............. 2,700 3,824
Barytes, ground ........................ 45,152 37,685
Asbestos ..................................... 1,993 723
Boron M inera ls .......................... 147 607
B o ra x ........................................... 18,683 28,956
Basic Slag .................................. 2,635 2,633
Superphosphates........................ 1,341 655
Phosphate of L im e ................... 23,343 34,542
Mica ............................................. 95 114
Sulphur ....................................... 3,446 12,457
Nitrate of S o d a .......................... 88,530 51,760
Potash Salts .............................. 80,293 454,598
Petroleum : C ru d e ................... 30,646,530 31,774,442

Lam p O i l ............. 19,474,085 17,629,876
Motor S pirit . . . . 80,357,342 81,105,620
Lubricating Oil . . .  .Gallons 9,013,335 10,101,059
Gas Oil ............. 5,516,757 8,080,657
Fuel O i l ............... 35,564,137 51,911,440

Asphalt and Bitumen ............. 20,427 7,992
Paraffin W ax ............................ 88,419 87,149
Turpentine ................................ 11,685 87,416

OUTPUTS REPO RTED  BY OIL-PRODUCING COMPANIES. 
I n  T o n s .

July'. August. September.

Anglo-Ecuadorian .................... 21,354 20,662 19,854
Apex T rin idad.............................. 50,070 46,450 42,970
A tto c k ........................................... 1,818 1,483 1,628
British B urm ah............................ 4,495 4,410 4,285
British Controlled ...................... 38,763 46,648 —
Kern M ex....................................... 912 971 957
Kem River (Cal.) ...................... 3 ,068 3,027 2,883
Kern Romana ............................ 877 996 1,048
Kern Trinidad ............................ 4,751 5,037 4,721
Lobitos ......................................... 28,107 26,250 25,260
Phoenix........................................... 71,862 64,565 50,433
St. Helen’s Petroleum ............. 5,266 5,127 5,389
Steaua R o m a n a .......................... 80,830 80,550 85,580
Tampico ....................................... 2 ,418 2,801 2,727
Tocuyo ......................................... 2 ,155 2,026 1,924
Trinidad Leaseholds ................. 17,400 18,800 18,600

QUOTATIONS OF O IL COMPANIES’ SHARES. 
Denomination of Shares £1 unless otherwise noted

Anglo-Ecuadorian ............................
Anglo-Egyptian B ...............................
Anglo-Persian 1st P ref.......................

O rd..............................
Apex Trinidad (5s.) ..........................
Attock .................................................
British Burm ah (8s.) ........................
British Controlled ($5) .................
Burmah O i l .........................................
Kern River Cal. (1 0 s .) ......................
Lobitos, Peru .....................................
Mexican Eagle, Ord. (4 pesos) -----

,, ,, 8% Pref. (4 pesos)
Phcenix, Roumanian ........................
Royal D utch (100 A.) .....................
Shell Transport, O rd ..........................

5% Pref. (£10 )...
Steaua Romana ................................
Trinidad L e aseh o ld s ........................
United British of Trinidad (6s. 8d.) 
V.O.C. H o ld in g ..................................

Sept. 10, 
1931.

£ s. d. £ s. d
5 6 6 0

1 3 9 1 3 9
1 3 6 1 3 3
1 10 0 1 18 o-

6 6 8 9
11 3 11 3
3 0 3 0
1 3 1 6

1 17 6 2 1 3
1 6 1 6

15 0 16 9
6 6 6 6
7 0 7 0
4 0 4 0

12 12 6 15 12 6
1 15 0 2 1 3

10 0 0 8 10 0
4 3 4 0

15 0 IS 9
3 0 3 0

18 9 19 0

O ct. 10, 
1931.

P R I C E S  O F  C H E M I C A L S .  O c to b e r  10.
These quotations (some of which are affected by the  devalua­

tion  of the pound sterling) are not absolute ; they vary according 
to  quantities required and contracts running.

£ s. d.
Acetic Acid, 4 0 % .................................................  per cwt. 15 9

80%  ...............................................  „  1 14 3
,, G la c ia l  per ton 56 0 0

Alum ....................................................................... ,, 8 7 6
Aluminium Sulphate, 17 to 18% .................... ,, 6 15 0
Ammonium, A n h y d ro u s   per lb. 1 0

,, 0'880 solution   per ton 15 10 0
,, Carbonate .......................................... ,, 27 10 0
,, N itrate (B ritish).................................  ,, 16 0 0
,, Phosphate, comml............................... ,, 40 0 0

Sulphate, 20-6%.N ............................  „  5 10 0
A ntim ony, T a rtar Emetic, 43/44%   per lb. 10

,, Sulphide, golden   ,, 9
Arsenic, W hite (foreign)  per ton 22 10 0
Barium, Carbonate, 94% ..................................  ,, 4 1 0  0

,, Chloride .................................................  ,, 11 0 0
,, Sulphate, 94% ..................................... ,, 6 15 0

Benzol, standard m otor   per gal. 1 3£
Bleaching Powder, 35% Cl  per ton 7 0 0
Borax ....................................................................  „  15 10 0
Boric A c id .............................................................. ,, 25 0 0
Calcium Chloride, solid, 70/75% ........................ ,, 5 5 0
Carbolic Acid, crude 60’s   per gal. 1 5

,, ,, crystallized, 40°.......................... per lb. 5 |
Carbon D isu lp h id e   per ton 16 10 0
Citric A c id   per lb. 1 14
Copper S u lp h a te   per ton 18 10 0
Creosote Oil (f.o.b. in Bulk)   per gal. 4 |
Cresylic Acid, 98-100%   ,, 1 9
Hydrofluoric Acid, 5 9 /6 0 %   per lb. 6
Iodine   per oz. 1 0
Iron, N itrate 80° Tw  per ton 6 10 0

,, Sulphate   ,, 2 2 6
Lead, Acetate, w h i te ........................................... ,, 35 0 0

,, N itrate (ton lo t s )   ,, 28 10 0
,, Oxide, L i th a rg e   ,, 28 10 0
„  W hite   „  38 10 0

Lime, Acetate, brown   ,, 7 0 0
>> >> grey, 80%   ,, 12 0 0

Magnesite, C a lc in ed .............................................  ,, 8 5 0
Magnesium Chloride ........................................... ,, 5 10 0

,, Sulphate, com ml  ,, 3 1 5  0
M ethylated S pirit Industrial 61 O .P  per gal. 2 1
N itric Acid, 80° Tw  per ton 23 0 0
Oxalic A c id   per cwt. 2 2 0
Phosphoric Acid. S.G. T500  per ton 29 15 0
Pine O il  per cwt. 2 5 0
Potassium Bichromate   per lb. 54

,, Carbonate, 9 6 /9 8 %   per ton 28 0 0
,, Chlorate   ,, 33 0 0

Chloride 80% ..................................  „  9 5 0
,, E thy l X anthate  per 100 kilos 7 0 0
,, H ydrate (Caustic) 88 /9 0 %  per ton 40 0 0
,, N itrate   ,, 19 17 6
,, P erm a n g an a te   per lb. 64
,, Prussiate, Yellow   ,, 84

R e d ................................  „  1 8
Sulphate, 9 0 %   per ton 10 10 0

Sodium Acetate ....................................................  ,, 20 0 0
,, Arsenate, 45% .......................................  ,, 20 10 0
,, Bicarbonate ...........................................  ,, 10 10 0
,, B ic h ro m ate .............................................  per lb. 34
,, Carbonate (Soda Ash) 5 8 % .................. per ton 6 0 0
,, ,, (Crystals) ............................  ,, 5 5 0
,, C h lo ra te .................................................... ,, 30 0 0
„  Cyanide. 100% NaCN b a s i s ................  per lb. 8
„ E thyl X anthate  ............................ per 100 kilos 6 10 0
,, H ydrate, 76% .......................................  per ton 14 10 0
,, H yposulphite, comml.............................  ,, 9 2 6
,, N itrate (ordinary) ........................................ . 9 0 0
,, Phosphate, com ml................................... ,, 13 0 0
„  Prussiate ..................................................  per lb. 4 |
,, Silicate  .............................................  per ton 9 10 0
,, ,, (liquid, 140° Tw.) .................. ,, 8 10 0
,, Sulphate (Glauber’s Salt) ....................  ,, 2 15 0

(Salt-Cake)    2 1 7  6
,, Sulphide Cone., 60/65% ........................  ,, 10 10 0
,, Sulphite, p u r e ......................................... per cwt. 14 0

Sulphur, Flowers   per ton 12 0 0
Roll . . . : ...............................................  „  12 0 0

Sulphuric Acid, 168° Tw ......................................  ,, 4 5 0
,, ,, free from Arsenic, 140° Tw. ,, 3 0 0

Superphosphate ot Lime (S.P.A. 16%) .........  ,, 3 9 0
Tartaric Acid   per lb. 1 04
Turpentine   per ton 55 0 0
Tin Crystals   per lb. 104
Titanous Chloride ...............................................  ,, 1 0 |
Zinc Chloride   per ton 9 10 0
Zinc D ust, 9 0 /9 2 % ...............................................  „  20 0 0
Zinc Oxide (White Seal) ..................................... „  35 0 0
Zinc Sulphate.......................................................... ,, 10 10 0
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SHARE QUOTATIONS
Shares are £1 par value except where otherwise noted.__

GOLD AN D S IL V E R :
SOUTH A FR IC A :

B ra k p a n .............................................
City Deep .........................................
Consolidated Main Reef ...............
Crown Mines (1 0 s .) ..............................
Daggafontein .......................................
D urban Roodepoort Deep (10s.).. . .
East Geduld .........................................
E ast R and Proprietary  (10s .) ...........
G eduld......................................................
Geldhenhuis Deep ..............................
G lynn’s Lydenburg ............................
Government Gold Mining Areas (5s.)
Langlaagte E sta te  ..............................
Meyer & Charlton ..............................
M odderfontein New (1 0 s .).................
M odderfontein B (5s.) ........................
Modderfontein Deep (5s.) .................
Modderfontein E a s t ............................
New S ta te  Areas .................................
Nourse ....................................................
R andfontein .........................................
Robinson Deep A (Is.)    .................„ B (7s. 6 d .).........
Rose D e e p ..............................................
Simm er & Jack  (2s. 6d .)......................
S p r in g s ....................................................
Sub Nigel (10s.) ...................................
Van Ryn ................................................
Van Ryn Deep .....................................
Village Deep (9s. 6 d . ) ........................
W est Rand Consolidated (10s.)
West Springs  ...........................
W itw atersrand (K night’s ) .................
W itw atersrand Deep ..........................

RHODESIA :
Cam and Motor ...................................
Gaika ......................................................
Globe and Phoenix (5 s .) ......................
Lonely Reef .........................................
M ayfair ..................................................
R e z e n d e ..................................................
Sham va ..................................................
Sherwood S tarr (5 s.) ............................

GOLD CO A ST:
A shanti (4s.) .........................................
Taquah and Abosso (5s.).....................

AUSTRALASIA :
Golden Horseshoe (4s.) W .A..............
Great Boulder P ro p rie ty  (2s.), W.A. 
Lake View and S tar (4s.), W.A. . .  .
Sons of Gwalia, W .A ............................
South Kalgurli (10s.), W .A.................
W aihi (os.), N.Z.....................................
W iluna Gold, W.A.................................

IN DIA  :
Balaghat (10s.) .....................................
Champion Reef (10s.) ........................
Mysore (10s.) .......................................
Nundydroog (10s.)................................
Ooregum (10s.).......................................

AMERICA :
Camp Bird (2s.), Colorado ...............
Exploration (10s.) ................. ............
F rontino and Bolivia, Colombia . .  . 
Mexican Corporation, Mexico (10s.) 
Mexico Mines of El Oro, Mexico . . ,
Panam a Corporation ................. .
St. John del Rey, B r a z i l ................. .
Santa Gertrudis, Mexico...................
Selukwe (2s. 6d.), B ritish Columbia

MISCELLANEOUS':
Chosen, Korea ....................................
Lena Goldfields, R u s s ia ...................

C O P P E R :
Bwana M’Kubwa (5s.) R hodesia .. . .
Esperanza C o p p e r ...............................
Indian (2s.) ................. .........................
Loangwa (5s.), R h o d es ia ...................
Luiri (5s.), Rhodesia ..........................
Messina (5s.), Transvaal ...................
Mount Lyell, T a sm a n ia ......................
N am aqua (£2), Cape Province...........
R hodesia-K atanga................................
Rio Tin to (£5), Spain .......................
Roan Antelope (5s.), Rhodesia
Tanganyika Con....................................
Tharsis (£2), S p a in ..............................

Sept. 10, Oct. 10,
1931 1931.

£. s. d. £ s. i .
2 18 0 3 1 3

5 6 5 6
18 9 1 0 6

4 9 6 5 1 0
2 13 0 2 13 9

15 G 1G 0
2 17 6 3 3 0

13 9 13 3
4 1 3 4 8 0

8 6 9 6
5 0 5 0

1 11 6 1 14 0
1 4 0 1 G 0

18 9 18 9
2 10 0 2 13 9

9 6 11 0
18 9 18 0

1 7 0 1 8 9
2 3 9 2 12 6

16 9 17 0
1 5 3 1 6 9

15 0 15 6
9 6 9 6
5 3 5 9
3 3 3 6

3 3 0 3 11 6
3 2 0 3 7 6

9 6 10 6
19 6 1 0 0
2 6 2 3

10 0 1Ü 6
12 3 13 0
11 0 11 0

4 6 3 9

1 2 G 1 K 6
3 G 3 6

11 6 12 6
14 0 16 3
4 6 4 0

18 9 1 0 0
1 0 1 0

13 9 13 9

1 12 3 1 16 0
4 0 4 G

2 3 2 6
1 0 1 0
S 0 8 0
3 9 4 0

11 6 11 9
13 6 15 0

7 0 7 6

2 9 2 6
6 G 6 9
6 G 7 9

13 6 15 9
2 6 2 9

3 3
2 0 2 ü

11 3 10 0
3 G 3 9
1 6 1 6

10 6 9 0
18 6 18 6
6 9 7 9
1 9 1 9

2 6 2 3
6 6

3 3 3 3
13 9 13 9

9 9
2 3 1 9
1 3 1 0
5 0 6 0

12 6 15 0
4 6 4 6

10 0 10 0
14 10 0 16 15 0

7 6 9 6
15 6 17 0

2 1 3 2 0 0

L E A D - Z I N C :

S ept. 10, 
1931.

Í  S. d.

O ct. 10, 
1931.

£ s. d.
A malgamated Zinc (8s.), N.S.W . . .  . 5 0 b 3

6
3
6

Broken Hill Proprietary, N.S.W . . .
Broken H ill, N orth, N.S.W ................
Broken Hill South, N.S.W ..................

8 
1 10 
1 2

0
6

2 1 
1 7

Burm a Corporation (10 rupees)......... 6 3 8 b
Electrolytic Zinc Pref., T a sm an ia .. . 12 G 12 6
Mount Isa, Queensland........................ 7 b G 3
Rhodesia Broken H ill ( 5 s . ) ...............
San Francisco (10s.), Mexico 8

9
0

1
7

0
6

Sulphide Corporation (15s.), N.S.W. 4 9 G 3
d itto , Pref............................................ 7 b 8 0

Zinc Corporation (10s.), N.S.W . . .  . 12 G 17 b
ditto , Pref............................................ 2 10 0 2 10 0

T I N :

A ramayo Mines (25 fr.), Bolivia . .  . 17 6 17 6
Associated Tin (5s.), N igeria ........... 4 d 4 3
Ayer H itam  (5s.) ................................. 11 b 10 b
Bangrin, S ia m ....................................... 11 0 U b
Bisichi (10s.), N igeria ........................ 4 b 4 3
Chenderiang, M a la y ............................ 1 b 1 b
Consolidated Tin Mines of Burm a . . 1 9 2 0
East Pool (5s.), Cornwall .................
Ex-Lands Nigeria (2s.), N igeria . . . . 1

G
3 1

6
3

Geevor (10s.), C o rn w all...................... 2 0 2 0
Gopeng, Malaya ................................... 1 12 b 1 12 b
Hongkong (5s.) ..................................... 14 0 14 0
Idris (5s.), Malaya ............................... G 9 6 b
Ipoh Dredging (16s.), Malay ........... 13 0 13 0
K aduna Prospectors (5s.), N igeria . . 4 b 4 U
K aduna Syndicate (5s.), N igeria . .  . 12 b 11 b
K am unting (5s.), Malay .................... 5 0 4 b
Kepong, M a la y ..................................... 10 0 10 0
Kin La, Malay (5s.) ............................ G b G b
K inta Keilas, Malay (5s.) .................. 5 b 5 b
K ram at Pulai, Malay ........................ 1 0 0 1 1 9
L ahat, Malay ....................................... 5 0 5 0
Malayan Tin Dredging (5s.) ............. 16 3 15 b
N araguta, Nigeria .............................. 6 b 6 3
Nigerian Base Metals (5s.) ...............
Pahang Consolidated (5s.), M alay .. . 5

b
0 5

b
3

Penaw at ($1), Malay ........................ 1 0 1 U
Pengkalen (5s.), Malay ...................... 10 0 10 0
Petaling (2s. 4d.), M a la y .................... 8 0 8 0
R am butan, Malay .............................. 5 0 5 u
Renong Dredging, Malay .................. 12 G 13 0
Siamese T in (5s.), Siam ................... 7 3 7 b
South Croftv (5s.), C o rnw all............. 2 3 2 G
Southern Malayan (5s.) .................... 9 0 9 0
Southern Perak, M alay........................ 1 5 0 1 5 0
Southern Tronoh (5s.), Malay ......... G 0 6 0
Sungei Besi (5s.), Malay .................... 7 0 7 0
Sungei K inta, Malay .......................... 9 0 9 U
Tanjong (5s.), Malay ........................ 7 G 7 0
Tavoy (4s.), Burm a ............................ 3 b

13
9

Tekka, Malay ....................................... 13 0 0
Tekka Taiping, M a la y ........................ 11 u 11 6
Temengor, M alav................................... 1 b 1 6
Toyo (10s.), Japan  .............................. 1 0 1 b
Tronob (5s.), M alay.............................. 12 0 12 0

D IA M O N D S:
Consol. African Selection T rust (5s.) G 3 6 3
Consolidated of S.W.A. (10s.)........... 2 9 2 6
De Beers Deferred (£2 10s.) ............. 2 15 0 2 17 G
Jagersfontein ....................................... 13 9 12 6
Premier Preferred (5s.) ...................... 1 5 0 1 5 0

FIN A N C E , E t c .  :
Anglo-American Corporation (10s.) 10 9 8 6
Anglo-French Exploration ............... 7 0 8 9
Anglo-Continental (10s.) .................... 2 3 2 3
Anglo-Oriental (Ord., 5 s . ) ................. 6 G 5 6

d itto , Pref............................................ 8 G 7 6
British South Africa (15s.) ............... 15 9 17 6
Central Mining (£8) ............................ 6 10 0 5 5 0
Consolidated Gold Fields .................. 15 0 14 G
Consolidated Mines Selection (10s.) . 5 0 5 9
F an ti Consols (8s.)................................. 5 3 5 6
General Mining and Finance ........... 14 G 13 0
Gold Fields Rhodesian (10s.) ........... 2 9 2 0
Johannesburg Consolidated ............. 1 0 0 1 2 6
London Tin Corporation (10s.) 11 G 11 0
Minerals S e p a ra t io n ............................ 2 2 fi 2 0 0
N ational Mining (8 s .) ..........................
R and Mines (5s.) .................. 2 13

3
9 2 12

3
o

Rand Selection (5 s .) ............................ 9 G 8 6
Rhodesian Anglo-American (10s.). . 7 fi 8 9
Rhokana Corp........................................ 3 7 G 3 17 6
Rhodesian Selection Trust (5s.) 7 fi 7 0
South Rhodesia Base Metals ........... 2 0 2 0
Tigon (5s.) ............................................. 3 fi 3 0
Union Corporation (12s. 6d.) ......... 2 15 0 2 18

3
q

V enture T rust (10s.) ........................ 4 0 6



T H E  M IN IN G  D IG EST
A  R E C O R D  O F  P R O G R E S S  I N  M I N I N G ,  M E T A L L U R G Y .  A N D  G E O L O G Y

In  this section we give abstracts of important articles and papers appearing in  technical journals and 
proceedings o f societies, together with brief records o f other articles and p a p ers: also notices o f new 
books and pamphlets, lists o f patents on m ining and metallurgical subjects, and abstracts o f the yearly

reports o f m ining companies.

T H E  GEOLOGY O F T H E  KATA NG A
In  June, 1930, G. Y. Douglas published in  the  

M a g a z i n e  some observations on th e  geology and 
mines of th e  Belgian Congo, while in  A pril last
G. C. B arnard  considerably clarified th e  p resent 
knowledge of C entral A frican s tra tig rap h y  by 
his provisional correlation  of th e  rocks of South 
and C entral Africa, w hich also appeared  in  these 
pages. In  Economic Geology for A ugust, M. R obert 
con tribu tes an  ou tline  of th e  geology and ore- 
deposits of K atan g a  and  full ex tracts from  his 
paper a re  given here.

The au th o r s ta te s  th a t  h is notes sum m arize 
the  m ain  features of th e  rock form ations and  ore 
deposits. The in form ation  was gained during the  
geological investigations of th e  region carried on 
under th e  d irection  of th e  w rite r for th e  Comité 
Special du  K atanga.

G e n e r a l  G e o l o g y .— A lluvia l and Superficial 
Deposits.— Alluvial deposits occupy large and 
continuous areas in  th e  basins of th e  L uapula, 

• Lufira, and L ualaba R ivers and  connect w ith  
narrower, m ore local, belts along th e  principal 
affluents of these  stream s. O ver th e  surface of 
the Kundelungu, M anika and  B iano highlands, 
which form  th e  uplands of central K atanga  and 
rise to  elevations g reater th a n  1,500 m etres above 
the sea, lies a  discontinuous m antle  of superficial 
deposits, largely arenaceous, com prising : (1) Strips 
and sm aller residual patches of beds belonging to  
the L ubilash System  ; (2) form ations of post-
Lubilash age.

Upon th e  K undelungu p la teau , in  th e  area  
drained by th e  Lufukwe R iver, occur silicified, 
fossiliferous, lacustrine lim estones of upper T ertiary  
or possibly Q uaternary  age.

Lualaba-Lubilash System .— Beds of th e  Lualaba- 
Lubilash System  th a t  re ta in  th e ir  original horizontal 
a ttitu d e  cover th e  whole of th e  Congo B asin and 
outliers of rocks belonging to  th e  same system  
occupy large areas in  th e  north-w est p a r t  of the  
province of K atanga. O ther outliers occur to  the 
east, in  elongated depressions generally parallel 
w ith L ake T anganyika. The fossils found in  the  
beds of th e  L ualaba-L ubilash System  range from 
Perm ian to  upper T riassic  (Rhaetic). The system  
is divisible in to  th ree  series. These, from  top  to  
bottom , are as follows :

Lubilash Series.— Principally  soft, friable sand­
stones and lenticular conglom erates. Species of 
the small phyllopod Estheria have been found in 
these beds.

Lualaba Series.— E ssentia lly  red, yellowish, 
brown, green, black, and  variegated  argillites and 
shales, in  p a r t  b itum inous, carry ing fishes and 
E ntom ostraca of upper Triassic and lower Jurassic 
age.

Lukuga Series.— Sandstones, b lack  shales, and 
coal measures, w ith  a glacial or fluvio-glacial 
conglom erate a t  th e  base. The fossil flora of these 
beds has been studied  by  Professor A. Renier, 
who has identified Glossopteris browiana, B rogniart,

var. indica, S h im p e r ; Nummulospermum, sp. ; 
Phyllotheca sp. or Schizoneura sp. ; Noeggerathiopsis 
cf. Hislopi, B unbury  ; Cyclodendron leslii, Seward. 
Professor R enier regards th is  flora as closely related  
to  th e  m iddle E cca of th e  K arroo System.

The beds of th e  L ualaba-L ubilash  System  were 
deposited on a  well peneplained surface and rest 
unconform ably upon th e  underlying rocks. This 
peneplanation  was accomplished during th e  long 
period of erosion th a t  intervened betw een the  
deposition of th e  Kundelungu Series and th e  
beginning of L ualaba-L ubilash deposition. The 
Lualaba-L ubilash  deposits a re  of continental ty p e  
and are th e  equivalent of th e  K arroo System  of 
South Africa.

Kundelungu and Schisto-Dolomitique Systems.— 
As th e  post-A rchean beds m aking up th e  system s 
older th a n  th e  Lualaba-L ubilash  System  are un- 
fossiliferous, th e ir  positions in  th e  general s tra ti-  
graphic colum n are not determ inable. All th a t  
can  be said, is th a t  th ey  are older th an  th e  P e rm ian . 
They comprise tw o system s which, in  descending 
order, are, th e  Kundelungu System , and  th e  Schisto- 
D olom itique System.

The constitu tion  of these tw o system s is shown 
in  th e  following table, th e  divisions being arranged 
from  top  to  bo ttom  in  th e  order of increasing

K u n d e l u n g u  a n d  S c h i s t o - D o l o m i t i q u e  S y s t e m s

i  1. Sandstones I (1000—
I 2. Arenaceous shales /1 5 0 0  m.) 

Upper SeriesI 3. Calcareous shales (300-500 m.)

K u n d e l u n g u  
S y s t em  ■

Lower Series-

o. GcU'
I 4. Pink limestone (10-20 m.)
^5. The p e tit conglomerate (10-30 m.)

' i .  Arenaceous limestones (300— 
500 m.)

1 2. Calcareous shales (200-1000 m.)
, 3. Kakontwe limestone (100-200 m )
| 4. The grand  conglomerate (tillite 

350 m.)

Schisto- 
dolom itique- 

System

Central region 
Shales and cal­

careous shale 
(100-500 m.) 

Shaly-cherty I Black pyritic shale
Series

(Mwashia)

Dolomitic
Series

(100 m.) 
Silicified horizon 

(10-100 m.) 
Cherty oolite, with 

specularite

Dolomitic shales 
and dolomite 
(500-600 m.)

Border region
F e l s p a t h i c  

quartzite and 
shales, includ­
ing black
shale

Cherty oolite 
with specu- 

V larite

Dolomitic shales; 
dolomite, with 
shales, con­
g l o m e r a t e s ,  
and fel-
spathic quart- 
zites.

The sed im entary  beds of the  K undelungu and  
Schisto-D olom itique System s rest unconform ably 
on th e  old beds of th e  basem ent.
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Cristallophyllien and K ibara System s.— 
Fundamental P latform .— These fundam ental rocks 
a t  th e ir  bases consist of th e  Cristallophyllien 
system , composed of m ica schists, gneisses, several 
quartz ites, ferro-m agnesian rocks, and  b a tho lith ic  
g ran itic  in trusives, which in  places grade in to  
gneissic gran ite  and  gneiss. In  some localities, 
th e  in tru s iv e  gran itic  masses, w ith  associated 
pegm atites, have  displaced or assim ilated th e  
ancien t sed im entary  rocks know n as th e  K ib ara  
System .

Kibara System .— T his group of rocks lies on 
to p  of th e  Cristallophyllien System . I t  is composed 
of conglom erates, shales, phyllites, black 
carbonaceous p y ritic  shales, and  gray ish  blue 
lim estones and  dolomites.

S t r u c t u r e .— Such sed im entary  rocks as are 
involved in  th e  Archaean p latfo rm  are  everyw here 
strongly  folded. As these  beds a re  re s is tan t to  
erosion, th e  folds are expressed topograph ically  
as successions of nearly  paralle l s trik e  ridges. 
F u rth e r tec ton ic  d istu rbances took  place a t  th e  
close of th e  K undelungu period. T hey  were 
characterized  by la te ra l com pression, in tense  and 
very in tr ica te  folding, reverse faulting , and  over­
th ru sts . In  sou thern  K a tanga , th e  general effect 
of these  m ovem ents w as to  produce a  curved 
u p lift of folded and  fau lted  beds. In  general, 
th is  up lift ex tends in  a north-w esterly  d irection 
from  th e  v ic in ity  of Sakania, on th e  N orthern  
R hodesian border, p a s t E lisabethv ille  and  L ikasi, 
and  thence  sw ings w estw ard. I t  is along th is  
uplift th a t  th e  g reat copper deposits of th e  Belgian 
Congo are d istribu ted .

A fter th e  post-K undelungu folding and  faulting , 
followed a long period of erosion during  which was 
form ed th e  peneplain  upon  w hich th e  beds of th e  
L ualaba-L ubilash  series were deposited.

L ater, th e  region w as dislocated by  faulting , 
w ith  th e  form ation of r if t  valleys or grabens, such 
as those  of T an gany ika  and  Kam olondo.

Age Relationships.— The u pper p a r t  of th e  
general stra tig rap h ic  colum n referred to  above as 
th e  L ualaba-L ubilash  system  is now definitely 
know n b y  m eans of fossils to  be of Perm o-Triassic- 
R h aetic  Age. The K undelungu and  Schisto- 
dolom itique system s, although  w ithou t fossils, 
are also fairly  definitely placed. The system atic  
studies carried  on in  th e  K a tan g a  from  1920 to  
1928 have  enabled definite correlation  of th e  
horizontal beds of th e  K undelungu system  in  th e  
N o rth  of th e  K a tan g a  and  those of th e  folded area  
of th e  M eridional K a tan g a . These studies have 
given rise to  th e  deta iled  separations shown in  
Table I. T his colum n, used in  th e  K a tan g a  since 
1923, has proved dependable, n o tw ithstand ing  
th e  absence of fossils, in  th e  a rea  of th e  K atanga.

T he work of G ray proves th a t  th is  s tra tig rap h ic  
colum n, when carried  in to  R hodesia, gives excellent 
results. Dr. G ray recognizes in  R hodesia, even in  
detail, th e  series and  beds of th e  K undelungu and 
Schisto-D olom itique system s of th e  K atanga.

In  th e  K atanga , th e  lower p a r t  of th e  Schisto- 
dolom itique system  (of which th e  Serie des Mines 
is only a silicified horizon) appears only in  th e  a n ti­
clines, and  its  base has n o t been com pletely 
observed.

The studies in  R hodesia pe rm it th e  colum n to  
be extended dow nw ards ; th e  R oan system  of 
R hodesia represents th e  lower p a r t  of th e  Schisto- 
do lom itique system , which appears only in  p a r t  
in  K atanga.

T he in ferio r group, consisting  of th e  C ristallo­
phyllien and  th e  K ib ara  system s, has n o t been 
sufficiently stud ied  to estab lish  its  age.

O r e  D e p o s i t i o n .— Stages o f M ineraliza tion .— 
The origin of th e  copper deposits of K atanga  
constitu tes  a com plex problem  w hich  w ill require 
m any  additional observations before a sa tisfactory  
solution can  be reached. V arious hypotheses 
have been offered which differ in  m any  respects, 
a lthough  m ost of th em  co n ta in  some elem ents of 
tru th . T he p resen t a tte m p t to  construct from 
available  in fo rm atio n  a consisten t hypothesis 
of origin recognizes th e  following stages or types of 
m ineralization  :

1. (a) D eep-seated m ineraliza tion  by  im pregna­
tion .

(b) Vein deposition.
2 .  M ineralization by  ox idation  and  supergene 

enrichm ent.
3. Syngenetic  sed im en tary  deposition.
E ach  of th ese  stages o r processes w ill now be 

discussed briefly, w ith  th e  c ita tio n  of exam ples.
Deep-Seated M ineralization by Impregnation .— 

T he first, or deep-seated, m ineralization  in  K atanga 
m ust have  begun d uring  th e  fo rm ation  of the  
earliest folds in  K undelungu tim e  and  have been 
com pleted before th e  end of th e  in tr ic a te  folding 
and  fau lting  w hich gave rise to  th e  curved uplift 
of sou thern  K a tanga . T he rocks were extensively 
perm eated  by  ore-bearing solu tions and  the 
sulphides of copper an d  iron  w ere deposited by 
replacem ent of o th er m inerals, p a rticu la rly  along 
certa in  horizons in  th e  lower or dolom itic  series of 
th e  Schisto-D olom itique system . The solutions 
are believed to  have been of m agm a tic  origin.

The deposits of th is  first period  of m ineralization, 
as b rough t w ith in  th e  range of observation  by 
u p th ru st wedges or slices in  th e  in tric a te ly  folded 
and  fau lted  s tru c tu re  of so u thern  K a tanga , are 
generally  of too low ten o r in  copper to  be workable. 
T heir p rincipal econom ic significance a t  present 
lies in  th e  fac t th a t  by  enrichm en t and  secondary 
concen tra tion  th e y  have  g iven rise to  m ost of the 
large copper deposits th a t  are being  worked in the 
B elgian Congo a t  th e  p resen t tim e.

Vein Deposition.— A t th e  close of th e  g rea t final 
folding w hich affected th e  beds of th e  Kundelungu 
System , there  was a period of m ineralization  during 
which th e  ore-bearing solutions traversed  fissures 
th a t  cu t th rough  th e  K undelungu beds. This 
period p robab ly  followed th e  first un in terrup ted ly . 
The ores of th e  vein-form ing period  carry 
chalcopyrite, w ith  p v rite , sphalerite , and  galena. 
To th is  period also belong th e  u ran iu m  deposits 
of Kasolo and  Luisw ishi. A p a r t  of th e  Kam bove 
deposit also, w here traces of sphalerite  have  been 
found, p robab ly  w as form ed during  th is  period. 
In  some of th e  lim estone cu t b y  th e  veins, m agnesite 
(giobertite) h as been form ed b y  hydrotherm al 
action , and  m onazite  has been reported  by  Professor 
Schoep. T he m ineraliza tion  of th is  period was 
p robab ly  effected a t  a lower tem p era tu re  or greater 
d istance from  th e  m agm atic  source th a n  th a t  of 
th e  first period, as in d ica ted  by  th e  occurrence of 
lead  and  zinc.

The m ost ty p ica l occurrence of th is  group is 
th e  K ipushi deposit (Prince Leopold Mine), 
s itu a ted  close to  th e  N o rth e rn  R hodesian  border, 
w est of E lisabethville . H ere th e  ore-bodies, in 
th e  K akontw e lim estone, of th e  lower Kundelungu, 
are enlargem ents, by  replacem ent, of fissure veins. 
P robab ly  belonging to  th is  sam e period  of
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m ineralization  are sm all veins of chalcocite in 
lim estone a t  th e  L enoir quarry , near Fungurum e.

E v iden tly  deposition during th is  second period 
of hypogene m ineralization  m ay, under favourable 
conditions, have  enriched th e  deposits formed 
during th e  first period of m ineralization. I t  is 
thus possible th a t ,  in  th e  in tensely  folded zones of 
southern K a tanga , im p o rtan t sulphide deposits 
m ay be found in  which th e  la te r  m ineralization, 
characterized by th e  presence of lead  and  zinc, 
has been superim posed on th e  low-grade m ineraliza­
tion of th e  first period.

M ineralization by Oxidation and Supergene 
Enrichment.— The hypogene deposits of th e  first 
and second periods have  been greatly  modified 
by oxidation , enrichm ent and  m igration" N ot only 
have orig inally  lean m asses been enriched to  form 
the g reat bodies of oxidized ore, b u t copper has 
been carried by  solution in to  rocks no t originally 
mineralized. C haracteristic  m inerals of th e  zones 
of ox idation  and  enrichm ent a re  m alachite, 
chrysocolla, cuprite , m elaconite, cornetite , 
brochantite , liebethenite , heterogenite, chalcocite, 
linnaeite, bornite , and occasionally a little  chalco- 
pyrite , especially in  th e  deeper zones.

In  th e  folded region of th e  southern  K atanga, 
these oxidized enriched ores occur in  an tic linal 
wedges and  slices of th e  m ore or less silicified 
and dolom itized lim estones and  calcareous shales 
of the  Schisto-D olom itique system , which, prior 
to th e  folding and faulting , had  undergone th e  
deep-seated m ineralization  by  im pregnation , of 
the first period. These m ineralized masses of 
stra ta , wedged in to  th e  anticlines, are generally 
separated from  o ther sim ilar masses and from 
the underlying beds, con ta in ing  deposits of th e  
first period of m ineralization, by  unm ineralized 
fault breccias. T heir enrichm ent is largely due 
to th e  descent of copper-bearing solutions from 
parts of th e  masses which have been removed by 
erosion.

The deep ox idation  and  enrichm ent of the  
K atanga copper ores ind ica te  th e  form er existence

of a w ater-tab le  m uch deeper th an  th a t  of th e  
present. Solution cavities found in th e  lim estones, 
found far below p resen t water-level, p o in t to  th e  
sam e conclusion. Such lower w ater-tab le  m ust 
have been coincident w ith  a period when th e  region 
had  a m uch d ryer clim ate th an  th a t  now prevailing. 
If, as appears fa irly  certain , th e  K atanga  copper 
ore-bodies represen t m asses th a t  have been torn , 
by  faulting, from a form er connexion w ith  the  
silicified and m ineralized bodies of th e  first period 
of m ineralization  and th en  enriched, i t  m ay  be 
concluded th a t  large m asses of rock affected by 
the  m ineralization  of th e  first period are present 
a t  g reater depth . Such m ateria l, however, is 
p robably  of ra th e r  lo\y grade.

Syngenetic Sedimentary Deposits.—On the
K undelungu p la teau  there  m ay  be observed a t 
various localities, as, for exam ple, a t  Sampwe, 
Lofoi, and L ukafu, outcrops of beds in  which 
certa in  layers or horizons, up  to  10 cm. in  thickness, 
carry  m alachite  and azurite . In  some of th e  sand­
stones, p a rticu la r layers a re  m ottled w ith  grains 
or sm all bunches of chalcocite. These m ineralized 
horizons are confined to  th e  upper series of th e  
Kundelungu and  in te rca lated  betw een th e  beds of 
argillaceous and  arenaceous shales which underlie 
th e  th ick-bedded felspathic sandstones a t  th e  top 
of th e  series. In  th e  G om bela-K atete region, 
one of these m ineralized zones, up  to  a m eter in 
thickness, occurs w ith in  th e  greenish gray, 
calcareous shale of th e  upper K undelungu.

In  no rthern  K atanga th e  Kundelungu beds, w ith  
th e ir  m ineralized horizons, are p ractically  
horizontal. In  th e  G om bela-K atete highlands, 
however, th ey  a re  folded.

The m ineralized zones in  th e  upper Kundelungu 
are believed to  be of sedim entary  origin and 
syngenetic, th e  copper hav ing  been derived from 
th e  d isin tegration  of deposits form ed during  the  
first period of deep-seated m ineralization. These 
older deposits had  been exposed in  p a rt, by  erosion, 
and were undergoing oxidation  before th e  deposition 
of th e  upper series of th e  Kundelungu.

MICA IN BIHAR, INDIA
The Bulletin  of th e  In s titu tio n  of M ining and 

M etallurgy for Septem ber contains some notes by
B. G. Luff on th e  m ica in d u stry  in  B ihar, India. 
After dealing w ith  th e  uses of m ica th e  au th o r 
goes on to  give an  account of th e  p a rticu la r occur­
rences. H e says th a t  th e  coun try  rock is a mica 
schist in which are found pegm atite  bodies, nearly 
always of len ticu lar form. As th e  schist shows 
no signs of a lte ra tion  a t  or close to  th e  con tact 
and th e  pegm atite  m ust have cooled w ithou t serious 
m ovem ent or d istu rbance for th e  large crystals 
of m ica to  have formed, i t  would seem th a t  th e  
pegm atite  m agm a was in jected  a t th e  sam e tim e 
as th e  schist was m etam orphosed and th a t th ere ­
after bo th  rocks cooled down together.

The pegm atite  lenses generally strike  ap p rox i­
m ately E. and  W ., have a  steep dip, and va ry  in 
thickness from  a few inches up to  100 ft. or more 
from schist wall to  schist wall. A t tim es th e  lenses 
have a p itch  along th e  strike, and frequently  there 
are inclusions of schist w ith in  th e  pegm atite. 
The pegm atite  consists of felspar, quartz , muscovite, 
and bio tite, w ith some tourm aline and garnet. 
Very occasionally there  is a  show of iron pyrites 
or m ispickel. The m ica occurs generally on or

close to  th e  schist wall, more generally th e  foot- 
wall, bu t as i t  is often difficult to  tell which is 
hanging-wall and which foot-wall, owing to  the 
irregu larity  of th e  lenses, th is  rule is n o t very 
reliable. F requently  there is a quartz  core in  the  
pegm atite  and there  are often segregations of mica 
crystals close to  this. In  some cases th e  m ica 
is more or less evenly d istribu ted  in the  pegm atite  
and  when th is  is th e  case i t  often pays to  open­
cast th e  lens and th en  only if i t  is w ide enough. 
At tim es even th a t  is no t rem unerative owing to 
th e  small size of th e  m ica in  a m assive vein.

The m ica occurs as crystals up to  several square 
feet in area and 5 or 6 inches th ick  norm al to  the 
cleavage. The average size of th e  books is very 
m uch sm aller th an  th is  and  m any are only a  few 
square inches in  area and half an  inch th ick .

The pegm atite  lenses are up to  1,500 ft. in  length 
along th e  strike, b u t generally not more th an  200 ft. 
to  300 ft. down th e  dip, a t  which dep th  th ey  pinch 
out, leaving only a very th in  stringer of quartz  
and  felspar. I t  is often found th a t  th is  stringer 
leads to  ano ther lens and  frequently  a t  th e  po in t 
of opening out there  are rich pockets of mica. 
These pockets also occur a t  irregular intervals
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in  some m ines w ithou t showing any  ind ication  
before th ey  are reached by  driv ing  or sinking.

Owing to  th e  irregu lar d istrib u tio n  of th e  m ica 
in  th e  peg m atite  i t  is n o t possible to  te s t veins by  
bore-holes, nor is i t  possible to  sam ple th e  rock 
to  find th e  m ica content. This has prejudiced 
th e  em ploym ent of cap ita l in  developm ent of th e  
industry . I t  is frequen tly  said th a t  m ica is no t 
found in  depth , b u t th e  real m eaning of th is  s ta te ­
m ent is th a t  i t  has n o t ye t been found in  dep th  
owing to  lack  of m oney for testing , as th is  testing  
can be no m ore th a n  a gamble. C ertain ly  i t  has 
never been proved th a t  m ica is no t found in  depth , 
as th e  deepest m ine is only ab o u t 600 ft.

Mica is a t  tim es of little  or no value, as only 
m ica w ith  a perfect or nearly  perfect cleavage is of 
value. Some m ica if sp lit does no t do so cleanly, 
b u t tea rs  th e  films. Such m ica is known as jetahi, 
and  is nearly  valueless. Som etim es th e  m ica, 
probably  owing to  pressure deform ation, is broken 
in to  pieces or s trip s so sm all as to  be worthless. 
Mica th a t  is of use also varies considerably in  value 
according to  colour, hardness, w hether s ta ined  or not, 
spotted  w ith  iron or o ther im purities, flat or ridged 
or wavy, or if i t  con ta ins a ir bubbles which give 
i t  a silvery appearance. Some pieces con tain  
inclusions of tourm aline  or qu artz  which render 
i t  valueless if th e  films are penetrated . Q uartz 
som etim es occurs in  th in  layers betw een th e  films 
of m ica and  can be rem oved by  th e  sorters by  
opening up th e  'm ica sheets and shaking o u t th e  
quartz .

I t  is difficult to  say  exac tly  when th e  recovery 
and  sale of m ica in  B ihar first reached th e  s ta tu s  
of an  in d ustry , b u t i t  was p robably  betw een 40 and 
50 years ago. The founder of w hat is now th e  largest ■ 
single m ica-m ining firm  in  In d ia  was th en  a worker 
on th e  In d ian  Railw ays and  conceived th e  idea 
of se tting  up in  business as a  m ica trader. For 
a  good m any  years he bought m ica from  coolies 
who found i t  on or very  near th e  surface, and  only 
com paratively  large sizes were purchased. This 
is proved by  th e  fact th a t  in  la te r years, when 
dum ps first began to  be worked, very large quan tities 
of sm all m ica, which now has considerable value, 
were recovered. I t  would seem th a t  th is  pioneer 
was able to  buy m ica from  coolies who did no t know 
its  value, an d  could sell i t  a t  a good profit, as m ay 
be inferred from  th e  fact th a t  he not only im proved 
th e  am enities of th e  places where he or his agents 
lived by  sinking wells, m aking tanks, p lan ting  
trees, etc., b u t also am assed a considerable fortune.

P r e s e n t  M i n i n g  M e t h o d s .— Owing to  th e  
im possib ility  of prov ing  th e  value of deposits 
by  boring, and  th e  un certa in ty  of deposits, even 
if  explored by drives, cross-cuts and  winzes, or 
rises, i t  has been th e  practice  for m any  years, 
in  fact since th e  beginning of th e  industry , to  
expect developm ent to  p ay  for itse lf and  m ake a 
profit. I t  is only very  recently , and  even then  
only w ith  th e  largest concerns, th a t  deposits 
have been system atically  developed w ith  a view 
to  rem oving th e  g reater p a r t  by  stoping. The 
blocks are generally of very  sm all size and  mines 
are no t approved if developm ent does no t p ay  for 
itself and  m ake a profit. Before dealing w ith  
underground work, consideration  is given to  other 
m ethods of ex traction , viz., surface workings 
(known as upperchella) and opencasting.

Upperchella. —The workings in  which th is  is 
carried  on are m ere scratches on th e  surface and  
rarely  exceed 20 ft. in d^p th  as, if over th a t  depth,

th ey  have to  be registered as m ines, have  second 
outlets, and  be periodically  inspected  by  the 
au thorities. I t  is th e  p ractice  of landow ners 
who have no in te res t in  th e  m ica trad e  to  allow 
coolies to  dig for m ica on th e ir  land for a small 
m onth ly  fee. The m ica is disposed of by  the  
coolies to  dealers.

Open-cast W orkings.— This m ethod of working 
is em ployed where th e  vein is m assive ; th a t  is, 
where m ica is found over m ost, or th e  whole w idth, 
of th e  pegm atite , which m ay  be 100 ft. or more. 
In  general th e  work is by  m eans of platform s 
ab o u t 20 ft. high in  which holes ab o u t 3 ft. d iam eter 
and  12 ft. to  15 ft. deep are  excavated  by  chiselling 
or by  b lasting  w ith  dynam ite. T here is only room 
in  th e  b o tto m  of these  holes for one m an  and  he 
uses w hen chiselling a specially short-handled 
h am m er (6 lb.). W hen i t  is requ ired  to  drill a 
hole for blasting  th e  holder generally  squ a ts  in 
th e  b o tto m  of th e  hole and  th e  ham m er m an wedges 
him self h igher up, a long drill being used. The 
large holes are b lasted  w ith  80 to  100 lb. of country- 
m ade blasting  powder. T his m ethod  is economical 
in  In d ia  owing to  th e  cheapness of labour. I t  
costs from  Rs. 15 to  Rs. 20 to  m ake one of these 
holes and  Rs. 16 p er 100 lb. of b lasting  powder, 
a n  im m ense am oun t of rock being broken. I t  
tak es from  10 days to  15 days to  m ake a  hole, 
depending on th e  d ep th  and  hardness of th e  rock.

A fter blasting, th e  m ica is picked from  th e  debris, 
which la tte r  is rem oved by  co n trac t a t  so much per 
tru ck  (1 to  2 annas) according to  th e  distance 
from  th e  dum ping point. T he universal method 
of rem oving th e  debris is by  m eans of th e  chapra, 
w hich is a large hoe-shaped tool. This is used to 
scrape th e  debris in to  iron  pans ab o u t 18 inches 
in  d iam eter, which are  th en  carried  to  th e  trucks 
on th e  heads of women or boys. W om en can now 
only be em ployed on open-casts or o th er surface 
work.

G enerally speaking, th e  m assive veins of open- 
casts produce large q u an titie s  of sm all m ica which 
is  used alm ost exclusively for th e  m anufacture 
of sp littings. T he cost of recovery of th e  rough 
un cu t m ica will va ry  from  R. 1 to  Rs. 3 per m aund 
(82 lb.) for labour and  explosives.

Underground M in ing .— All th e  m ines of this 
class are sta rted  as surface workings which appear 
rich. The deposit is followed dow n by incline 
shafts on th e  vein. These shafts are seldom  straight 
and  haulage troubles soon arise. In  previous 
tim es th e  shafts were so irregu lar th a t  all debris 
had  to  be rem oved by  passing i t  up  from  hand  to 
hand  in  iron pans ; bu t. where possible, a windlass 
is now used even if th e  shaft is no t vertical, the 
buckets th en  sliding on w ooden runners.

W here cap ita l and more in te lligen t supervision 
are available, th e  irregular workings from  th e  surface 
are abandoned and  an  a d it is p u t in  or a vertical 
shaft sunk to  cu t th e  vein  below th e  old workings. 
W hen th is  has been done, a drive is m ade on the 
vein following th e  m ica and  winzes a re  sunk every 
25 ft. or 30 ft. if on m ineral. If th e  winzes become 
barren  th ey  a re  stopped. A nother level connecting 
th e  winzes is d riven  w ith  a p illa r of 20 ft. or 
m ore betw een th e  levels, prov ided  th e  ground 
appears to  be p roductive  a t  th e  level. If it  is 
barren  the  winzes are carried  down u n til mica 
is found, w hen th e  nex t level is driven. If  possible 
an o th er a d it  is d riven to  cu t one of th e  lower levels, 
so as to  avo id  w a ter trouble. If th is  is n o t possible 
i t  is often  found necessary to  in sta l a boiler
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and steam  pum p. W here th ere  is a  vertical shaft 
a  steam  hoist is often used, although few m ines 
are deeper th a n  300 ft.

The boilers are generally of th e  vertical cross­
tube  type, b u t in  some cases locom otive-type 
boilers are used up to  16 h.p. The hoists are of 
4 h.p. generally, and  tipp ing  buckets are used 
w ith  th em  of \  cu. yd. capacity , being hand- 
tipped  in to  trucks a t  th e  surface. H eadfram es 
are alm ost all of rough tim bers and  ab ou t 15 ft. 
high. In  a few recent cases th ey  have been con­
structed  of iron pipes bolted together w ith  plates, 
the pipes being plugged w ith  wood where th e  bolts 
pass through, to  p reven t th e ir  collapse.

U nderground th e  buckets are generally detached 
from  th e  hoisting rope, p u t on to  a p latform  tru ck  
and pushed along th e  level to  be filled from  a 
chute, or by  hand  from a winze, as th e  débris 
comes up e ither by  w indlass or passing from  hand 
to  hand, or else filled from  a heap of débris on the  
floor of the  level by the  usual chapra and iron pans. 
W hen filling from  chutes i t  used to  be th e  practice 
to  have an  open chu te  a t  th e  b o tto m  of a winze 
from  a h igher level and to  throw  rock in to  th e  chute 
when a tru ck  was underneath . Drives are generally 
7 ft. high by 5 ft. wide, b u t th e  dimensions vary 
slightly according to  th e  productiveness or o ther­
wise of th e  face. W inzes on th e  vein are of the  same 
dimensions b u t vertical haulage shafts are generally 
bigger, though seldom more th an  9 ft. by 8 ft. 
inside tim bers.

In  all b u t a few cases holes are hand-drilled by 
daily wage coolies, a “ p a i r ” of coolies consisting 
of tw o ham m er men and one holder. H am m ers 
of from 6 to  7 lb. w eight are used, and one p a ir 
will drill tw o holes each 30 inches deep in one shift 
of 44 hours, besides rem oving by chiselling the  
loose rock from  the previous sh ift's  b last and picking 
the m ica from  th e  broken rock. Chisel-bit drills 
are used and  one of the  g reat difficulties experienced 
is to  p reven t coolies from  using b lun t drills. This 
could be overcom e if paym en t for the  dep th  drilled 
could be used, b u t th e  coolies will no t tak e  to  
such a system , p a rtly  from  conservatism  and p a rtly  
because th e  drill is liable to  jam  in  th e  hole if it  
hits a book of m ica a t any  angle except norm al 
to its surface. G reat trouble  is then  found in 
removing th e  drill from  th e  hole. Coolies work 
2 shifts daily  and  are paid  from 5 to  7 annas per 
shift.

In  a few m ines portab le  com pressors are used 
to operate jackham m ers, and th is  speeds up the 
advance of th e  face, b u t i t  is found necessary to  
p u t 3 or 4 coolies on each jackham m er as they  
are of poor physique. R ecently  a colum n and 
cradle for holding jackham m ers has been tried  
and will probably  reduce th e  labour cost of air- 
drilling as well as reducing th e  wear of jackham m ers, 
as w ith  4 coolies all pushing th e  jackham m er it  
is seldom in line w ith  th e  drill steel. Cross b its 
are used w ith  hollow hexagonal drill steel, all 
drill sharpening and shanking being done by hand 
owing to  th e  d istance of all th e  m ines from  any 
headquarters. This factor m ilita tes against the  
use of a com pressed-air drill sharpener. Machine 
drilling up to  the  p resen t is dry. I t  has been found 
economical, as far as hand-drilling is concerned, 
to  use cheap country-m ade drill-steel ra th e r th a n  
expensive im ported  steel, w hich la tte r  would 
doubtless give b e tte r resu lts in  th e  hands of ex­
perienced drill-sharpeners.

Air drilling is used m ostly in barren  developm ent 
faces where there  is less trouble from  jam m ing 
drills and  th e  holes can be m ade 3 ft. to  4 ft. deep. 
The work is som etim es done on con tract according 
to  th e  footage advance. In  m ost cases, th e  holes 
are inspected, charged and fired by th e  C om pany’s 
shot firer.

Stoping is generally overhand, th e  débris 
being left in the  stope afte r rem oving th e  m ica 
and resting on a line of stulls or a p illar of barren 
rock. Excess of broken rock is draw n off in to  the  
level below to  leave room for th e  stoping coolies 
to  work, b u t generally there is no excess of débris 
owing to  th e  sm all size of th e  blocks left a fter 
developm ent in relation  to  th e  winzes on each side 
of them . Sometimes underhand stoping is used, 
in which case th e  useless débris has to  be removed 
from  the  m ine to  th e  dum p and th e  stope kep t 
open by tim bering. As the  stoping w idth is seldom 
more th an  5 ft. th is  la tte r  does no t cause any  
trouble while actually  working, b u t only later 
when the  tim bers rot.

E xcept in  stopes and shafts, no t m uch tim ber 
has to  be used unless there  has been w ater percola­
tion, and m ost of th e  levels are w ithou t support. 
W here ad its  are under loose ground sets are 
generally abou t 4 ft. a p a rt w ith  lagging, and in 
certain  cases spiling has been used by th e  w riter 
for driv ing  under dum ps or old workings filled 
w ith  débris or other loose ground. The tim ber 
used is m ostly sekhua (sal) which is h ard  and close- 
grained and will resist ro t well if cu t a t  th e  right 
tim e of year (Septem ber to  November). A q u an tity  
of tim ber is cu t a t  all seasons of th e  year and used 
green ; th is  ro ts a fte r 2 or 3 years and has to  be 
replaced. Tim bers are nearly  alw ays used in the  
round sta te  a fte r barking, and local carpenters 
(barhis) are employed. They use th e  saw very  
little  and do most of th e ir work w ith  the  bashila— 
an adze.

The com paratively  recent application  of more 
m odern m ining m ethods and th e  dem and for small 
m ica for m aking splittings has m ade the  re-opening 
of m any abandoned mines a commercial proposi­
tion . A vertical shaft is sunk or an a d it driven 
to  connect w ith  the  old workings, and the  deposit 
is followed down to  a g reater depth  th an  previously. 
Trouble is generally experienced w ith  w ater during 
the  monsoon season owing to  the  extensive surface 
workings and in  m any cases th e  m ines have to  be 
closed down for four m onths of th e  year. E ven  
where th e  w ater can be dealt w ith  th roughout 
th e  year no m ines have so far been carried down 
to  any  considerable depth  and, as sta ted  before, 
few m ines are deeper th an  300 ft. A lthough th e  
rock generally becomes barren  in depth, and often 
th e  pegm atite  pinches out, there  is every possibility 
th a t  i t  would again m ake good a t  a lower level. 
The testing  of th is  has only been prevented 
by financial considerations. I t  has been well 
proved th a t  lenses of pegm atite  are connected 
horizontally by  quartz  stringers ; and  i t  would 
appear probable th a t  sim ilar connexions occur 
in  a vertical plane.

The m ost usual form of illunT nation  in  th e  
m ines is candles, although in some cases sim ple oil 
lam ps are used consisting of a piece of cotton 
wick floating in  oil or w ax in  ah  earthenw are 
pan.

D etails are also given of th e  p rep ara tio n  of mica 
for th e  m arket.
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The im portance of scraper m ucking in reducing 
hand  w ork to  th e  m inim um  is em phasized by
A. R. Law rence in  th e  Canadian M in in g  Journal 
for Septem ber. The a u th o r says th a t  th e  use of 
th e  scraper has been long know n to  m ining, b u t 
recent developm ents of its  use have  been very 
extensive. T hey  are  th e  results of a tte m p ts  to  
solve ind iv idual problem s of m ining, each of which 
has been different from  others in  respect of th e  
character of th e  ore, th e  m ine lay o u t and  equ ip ­
m ent, and  th e  q u an titie s  of ore involved.

In  th e  M innesota and  M ichigan m ining d istric ts 
th e  scraper is used n o t only for th e  tran sfer of ore, 
b u t for th e  d is trib u tio n  of w aste fill, handling  of 
developm ent m uck and  even in  sha ft sinking, as 
a t  th e  Cham pion Copper Mine. No tw o m ines 
have  exactly  th e  sam e scraping m ethod. The 
m ethod and  scraper equ ipm ent used in  an y  one 
m ine is usually  th e  p ro d u c t of experience in  
handling  th a t  p a rticu la r ty p e  of ore, th e  design 
hav ing  been changed from  tim e  to  tim e to  m eet 
new and  changing conditions. This developm ent 
of th e  scraper is in  line w ith  th e  developm ent of

T H E  USE OF O R E  SCRA PER S
filling. Scraper ho ists a re  used  for ho isting  tim ber 
and  supplies up  supply  rises and  even on surface 
scrapers a re  used for loading gravel in to  trucks, 
levelling off w aste  heaps, excavating  founda­
tions, etc.

In  C anada th ere  a re  few m ines w here th e  rock 
is soft enough to  p e rm it th e  wholesale use  of slushing 
m ethods. H ard  ore w hich  breaks in to  large 
irregu lar chunks does n o t lend itself so readily  to  
scraping. H ard  ores call for h eav ier scraping 
equipm ent, w hich lacks th e  flex ib ility  and  easy 
transfer a b ility  of th e  sm all slusher. H a rd  rock 
slushers have  a  ten dency  to  perm anence and  are 
usually  se t up w here th e y  can  operate  on th e  same 
drag for long periods. Scraping or slushing in 
Canada has found its  chief use in  ore-bodies which 
are  too flat to  p e rm it back  or shrinkage stoping.
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rock drills, m ine cars, chu te  gates, and  o ther m ine 
equipm ent, each successive change of which has 
m arked a step forw ard in  th e  reduction  of th e  cost 
of m ining.

T he use of th e  scraper has usually been associated 
w ith  slicing, and  indeed th e  m ining m ethods, of 
m ost of th e  iron m ines of the upper M ichigan 
Peninsula a re  top-slicing or sub-slicing m ethods, 
p a rticu larly  th e  m ines of th e  M arquette  D istric t 
where th e  scraper received its  early  im petus. 
The ore of th is  d is tric t is generally soft, b u t there  
are places where i t  is hard. D uring th e  la s t few 
years there  has been an  evolution of underground 
storage capacity , which now has w idespread 
app lication . Before th is  tim e th e  cycle of opera­
tions, m ucking-drilling-blasting, was often  no t 
com pleted and  m iners were held up each shift 
because th e  previous round had  no t been removed. 
Now, by  th e  insertion  of storage rises or drives, 
th e  m iner scrapes his m uck to  th e  nearest rise and, 
hav ing  i t  o u t of th e  way, is free to  go ahead  w ith  
tim bering , drilling, etc., w ith o u t fu rth er 
in te rrup tion . A sm all scraper and  h o ist a re  used 
for th is  purpose, while a large scraper and  ho ist 
are used for transferring  th e  storage ore to  ore-cars 
or ore-pocket as th e  case m ay be. The solution 
of th is  problem  w as m ade possible by  th e  use of 
th e  scraper and m any  of th e  g reat im provem ents 
in  th e  design of scrapers can  be traced  to  th is  
change in  m in ing  m ethods.

Scrapers also find use in bringing w aste from 
foot-w all cross-cuts and  cham bers to  ac t as stope
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F i g .  2 . — Q u i n c e y  R e v e r s i b l e  S c r a p e r .

W herever shrinkage stop ing  is possible and  the 
broken ore can  be tran sferred  d irec t from  the 
stope to  th e  m ine cars w ith o u t in term ediate  
handling, scraping is no t indicated . A t th e  M ontreal 
mine, M ontreal, W is., difficulty w as experienced 
w ith  th e  ore pack ing  a t  certa in  tim es and  i t  was 
very  h ard  to  get i t  o u t of th e  chutes. To remedy 
th is  condition  th e  ore is allowed to  ru n  free to  the 
floor of th e  d rive  o u t of th e  box-holes, and  is 
loaded in to  cars w ith  2 5  h.p. slushers and  hoe type 
scrapers a t  a saving over ch u te  loading of 7 cents 
per ton. T he loading drive  has th e  additional 
advan tage  of ac ting  as a storage for ore if the 
tram m ing  or ho isting  is in te rru p ted  and  th e  m ethod 
of loading is safer. W hile w aiting  for cars the 
ho ist operato r spreads th e  p ile  of ore a t  th e  base 
of each opening along th e  drive, and  w hen the 
21 to n  cars are in  place th e y  a re  loaded a t  th e  ra te  
of 1 per m inute. ( 1 5  car trains.) A t th is  mine 
th e  developm ent m uck also is hand led  w ith  a 
scraper and  Osana slide. T he m ucking crew  can 
set up, m uck a round  of 3 5  tons, tram  it, and  remove 
th e  slide in  less th a n  3  hours. (3  men.)

In  a recen t a rticle , sum m arized  in th e  M a g a z i n e  
for Ju ly , M. A. Roche reports th a t  all th e  ore
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a t the  Flin F lon m ine is loaded in to  cars from  w hat 
are called “  Scram  ” drives entirely  by  the  scraper 
method—to  th e  com plete e lim ination of chutes 
w ith th e ir a tte n d a n t dangers, cost and m aintenance.

The scrapers used in th e  soft-ore m ines of the  
Iron R anges are developm ents of th e  fam iliar 
box ty p e  w ith  its  stra ig h t back  and long slide 
plates. The hoe ty p e  is also used and  modifications 
of these tw o give scrapers all th e  w ay between. 
These m ay  be recognized by th e  local nom enclature 
such as th e  Gogebic (Fig. 1), Quincy (reversible) 
(Fig. 2), and  A thens (Fig. 3). These scrapers,
as a rule, are light, th ey  grab  th e  load quickly and 
are easily m oved from  place to  place.

In the  copper coun try  of N orthern  M ichigan 
the rock is usually hard  and  is com parable to  
the gold ores of N orthern  O ntario . A t th e  Calum et 
and Hecla, in  th e  fla tter stopes, they  use scrapers 
for m oving th e  broken ore down th e  foot-wall. 
And in th e  deep levels of th e  C alum et and  Hecla 
conglomerate, where no chutes are provided,
scrapers are used for loading cars by  m eans of a 
long p latfo rm  over th e  track . There is a notable 
difference in  th e  design of scrapers as one goes 
from the  soft ore m ines of th e  iron coun try  to  the  
hard ore of th e  copper country. The scrapers 
are larger, heavier, and  there  is a corresponding 
increase in  th e  horse pow er of th e  slusher hoists. 
The hoe-type scraper is more evident, w ith  its
characteristic cu ttin g  edge and sharp corners.
(Fig. 4).

Sometimes these scrapers are fitted w ith  short 
side plates, w hich help to  re ta in  more m uck, and 
som etim es th e  back p la te  is arced, or bent, in  order 
to ob tain  m ore capacity . In  an y  case, i t  is no te ­
w orthy th a t  th e  design of th e  la te r scrapers is n o t a 
case of copying th e  features of a certa in  standard  
type, b u t includes a consideration of all the  varying 
details to  ob ta in  th e  m ost efficient perform ance. 
Matson has defined th e  ideal scraper as one which 
satisfies th e  following requirem ents : Be self-loading; 
get in to  corners re a d ily ; handle the  largest possible 
load w ith  low sliding re s is ta n c e ; get around 
obstructions ; be well enough balanced to  rem ain 
erect on th e  back pull, and be ligh t and  com pact.

I t  m ight be added th a t  th e  design should be simple 
enough th a t  i t  can  be fabricated  w ithou t undue 
expense in th e  m ine shops.

The Sullivan people, who have done a lot of work 
on scraper design, s ta te  th a t  one of th e  chief 
considerations of scraper design has been the  angle 
th e  c u ttin g  edge m akes w ith  th e  level of the  muck. 
T heoretically  th is  angle is given by th e  resu ltan t 
of th e  dead w eight and  th e  pull. Such a n  angle 
(30°) gives the  m ost effective digging qualities to  
th e  scraper (Fig. 5), b u t w'hen th e  scraper is fully 
loaded, th is  digging should cease. In  practice, 
however, in  coarse rock, th is  sharp angle does not 
pe rm it th e  cu ttin g  edge to  get under th e  large 
pieces of rock, th e  scraper tends to  ride over them  
and  dum ps itself. An angle of 50° (Fig. 5) seems to  
allow th e  scraper to  get a b e tte r hold on th e  large 
chunks and fill itself more easily.

A nother consideration, w hich Mendelsohn says is 
of g reat im portance, as regards scraping th e ir rock, 
is  th e  necessity of stopping th e  penetration  of the  
cu ttin g  edge when th e  scraper is full. This m ay be 
done by bending the  upper p a r t  of the  back p late 
forward so th a t th e  pressure of the  m uck against th is 
p a r t  causes th e  scraper to  t i l t  upw ard and let the 
cu ttin g  edge ride over th e  muck. This also increases 
th e  capacity  of th e  scraper by  preven ting  rock from  
sliding over th e  back. The am ount of cu rv a tu re  or 
angling of th e  back p late  is a function  of th e  
coarseness of th e  ore and m ust be determ ined 
em pirically—too m uch curvatu re  preven ts filling the 
scraper easily, too little  causes th e  scraper to  get 
stuck.

A th ird  consideration is the  d istribu tion  of weight 
in the  scraper. There m ust be enough weight to  back 
up th e  w ork of th e  cu ttin g  edge, and w hen the  
construction  is such th a t  the  weight is insufficient, 
even though th e  scraper is strong enough, add itional 
weight m ust be added. This is often  done by bolting  
a piece of heavy ra il or o ther w eight on to  the  back
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of th e  back plate. Too m uch w eight a t  th is  p o in t 
how ever operates to  d isadvan tage  in  loading, 
m aking it  difficult to  get th e  in itia l hold on th e  rock.

Scraper Sheaves.— The scraper sheave p resen ts as 
im p o rtan t a problem  as th e  scraper itself. W here 
th e  in sta lla tio n  is a ligh t one and  th e  loads are n o t 
g reat— a sm all cheap sheave is popular, especially 
where, due to  th e  m ethod of m ining, sheaves are 
often lost. U nder these  conditions a  cast iron 
sheave, w ith o u t even an y  provision for regular 
lub rication  is often used. Som etim es brass bushings 
are provided. A dvancing from  th is  a re  th e  refine­
m ent of grease cups, roller bearings, m anganese- 
steel sheave wheels, etc. W here th e  in sta lla tio n  is 
a  heavy  one, all th e  factors such as : P roper size of 
wheel for th e  d iam eter of cable used ; th e  num ber of 
sheaves ; w eight ; lubrication , and  m ateria l m ust 
be given consideration. Such sheaves a re  bu ilt to  
la s t for years.

Scraper R opes .— The answer given by an  operator 
to  th e  question  of how he selected a scraper rope, 
was " The cheapest rope .” I t  would be difficult to  
find h a rd er conditions for a rope to  w ork under th an  
scraping conditions. Lashing, jerk ing  abrasion  and 
crushing are ju s t o rd inary  stra ins for a  scraper rope. 
F lex ib ility  is a p a ram o u n t requirem ent, especially 
in  th e  ta il rope. The pull rope m ust be strong enough 
to  stand  all th e  pull th a t  th e  h o ist can deliver in th e  
form  of a jerk  rig h t up  to  th e  stalling  p o in t of th e  
hoist. R ope m anufacturers have given th is  problem  
m uch a tten tio n . Most of th e  m ines in  M ichigan use 
plough-steel ropes.

Scraper H oists.— Air ho ists a re  rap id ly  being 
superseded by  electric hoists even where th e  
ven tila tion  provided by a ir hoists is a  consideration. 
A very good discussion of th e  deta ils of slusher hoists

bo th  as regards construction  and  operation  m ay 
be ob tained  from  th e  catalogues of th e  m anu­
factu rers. E lectric  ho ists have im proved greatly  in 
recen t years. In  M ichigan th e  sm aller hoists use 
d irect cu rren t and  th e  large ho ists use a lte rna ting  
curren t. A.c. ho ists up to  75 h.p. a re  now in  regular 
use. T he sm all hoists cost p ropo rtio n a te ly  more 
to  m ain tain  th a n  large hoists. A rm atu re  trouble  is 
th e  chief item . T he d.c. ho ists also cost m ore per
h.p. and  use m ore pow er th a n  a.c. H ow ever a t  one 
m ine where th ey  used a large a.c. ho ist th e  relatively 
slow re tu rn  tr ip  of th e  scraper was in  m arked 
c o n tra s t to  th e  re tu rn  tr ip  of th e  d.c. powered 
scrapers and  brough t forcibly to  m ind  th e  constan t 
speed featu re  of a.c. m otors.

The cost of installing  equ ipm en t such as tran s­
form ers, cables, p lug boxes etc. is a facto r to  be 
tak en  in to  accoun t w hen considering a.c. hoists, 
especially in  cases w here d irec t cu rren t is available 
from  underground  tro lley  lines.

P erhaps th e  p rincipal ach ievem ent in  th e  scraping 
business recently  is th e  econom ical hand ling  of hard 
blocky ore in  a large way. A g rea t deal of cred it is 
due th e  operato rs who in  recen t years have 
accom plished so m uch. I t  has been proved th a t  the 
scraper is a  tool w hich can  be used by  th e  ordinary 
m iner. H e tak es to  i t  easily an d  finds he is relieved 
of th e  m ost arduous of all task s underground , hand 
shovelling. Scraper haulage is m ost efficient when 
th e  m ine layou t is a rranged  for it. G iven p len ty  of 
tonnage, as Roche has said, th e  larger th e  scraper 
th e  cheaper th e  cost. W ith  scraper haulage, hand 
shovelling and  h and  tram m in g  is reduced to a 
m inim um  ; th ere  is a m argin  of ore storage against 
unforseen contingencies, and  th e  cycle of drilling- 
blasting-m ucking is assured.

T R E A T M E N T  OF W IL U N A  C O N C E N T R A T E S
B ulle tin  6 of th e  School of M ines of W estern  

A ustra lia , con ta in ing  reports b y  W. G. C larke and
B. H . Moore on investiga tions conducted  in  th e  
m etallurg ical labo ra to ry , gives deta ils  of research 
on th e  ro asting  and  cy an id a tio n  of flo ta tion  
concentra tes from  W iluna  Gold Mines, L td . A 
sam ple of these  concen tra tes w as forw arded to  
th e  lab o ra to ry  w ith  a suggestion th a t ,  in  in v es ti­
g a ting  th e  trea tm e n t, special a tten tio n  m igh t be 
given to —

1. The m ost su itab le  tem p era tu re  of roasting , 
especially w ith  regard to  th e  S tarting  and  finishing 
heats.

2. The ad v isab ility  of w ashing w ith  w ater, or 
o ther solution, p rio r to  cyaniding.

3. The consum ption  of chem icals for cyaniding.
The sam ple of concen tra tes, weighing 100 lb.,

was consigned in  tw o sealed tin s , which, on receip t, 
were em ptied , th e  tw o lo ts thoroughly  m ixed and 
sam pled for analysis and  assay. A p a rtia l analysis 
of th is  sam ple of concen tra tes is as follows :—

Silica, Si02 . 22-85
Arsenic, As ...................................... 9-02
Sulphur, S (total) . . 23•45
Calcium oxide, CaO . 3-35
Magnesium oxide, MgO . . 3-77
Manganese, Mn . 0-83
Copper, Cu
Chlorine, Cl (water-soluble) . 0-17
Gold, Au 57-2 dw t. per ton  (2,000 lb.)

Previous investiga tions by  th e  au tho rs and  others 
had  definitely established th e  fac t th a t  i t  is

im possible to  secure a sa tis fac to ry  ex trac tio n  by 
cy an id a tio n  of th e  raw  concen tra tes , e ith e r with 
cyanide alone or w ith  th e  a id  of cyanogen bromide. 
Therefore, no fu rth e r w ork  w as c a rried  out in 
th is  d irection .

R o a s t i n g .— In  all ro astin g  operations, th e  charge 
of concen tra tes w as h an d -rab b led  a t  frequent 
in te rv a ls  during  th e  ro astin g  period . During 
th e  roasting  of th is  co n cen tra te  th ree  stages are 
noticed as th e  tem p e ra tu re  is g radually  raised 
from  cold to  th e  finishing tem p era tu re , during 
w hich th e  observed phenom ena are as follows :—

Stage 1.— Sublim ation  of arsenious oxide, 
As2Oa, first v isib le  a t  340° C. an d  ra p id  a t  400° C., 
and  p a r tia l  ox id a tio n  of p y rite .

Stage 2.— F u rth e r ox id a tio n  of p y r ite  betw een 
420° C. and  500° C. ; ig n itio n  of th e  su lphur a t 
450° C., causing  a rise of tem p e ra tu re  to  500° C. 
w ithou t th e  a id  of ex te rn a l h ea t ; charge very 
m obile a t  th is  stage.

Stage 3.— T he charge swells up  and  becomes 
very  volum inous and  fluffy in  ch a ra c te r  between 
500° C. and  650° C., p ro b ab ly  due to  lib e ratio n  of 
carbon dioxide, C 0 2, b y  decom position  of calcium  
and  m agnesium  carbonates, w hich  dissociate 
below 600° C.

These observations led th e  au th o rs  to  th e  
following conclusions :—

1. In  order to  insure  as com plete rem oval as 
possible of arsenic by  o x idation  to  and  sublim ation
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as arsenious oxide, i t  was essential th a t  the  roasting 
tem pera tu re  be m ain ta in ed  a t  approx im ately  
400° C. u n til sub lim ation  of arsenious oxide ceases ; 
otherw ise th ere  would be an  increased tendency 
to form  a rsenates w hich  a re  stab le  a t  high 
tem peratures and  m igh t possibly lock up some of 
the  gold.

2. To avoid sin tering  and  th e  possib ility  of 
very serious v o la tiliza tion  of th e  gold due to  
excessive heating  a t  th is  stage, th e  ox idation  of 
the p y rite , w hen once comm enced, should be 
allowed to  proceed w ithou t th e  app lication  of 
external heat.

As a result of th e  work carried  out i t  was ev iden t 
th a t a rem arkable featu re  of th e  results obtained 
was th e  fact th a t ,  w hether th e  concentra tes were 
roasted according to  th e  conditions of Stage 2 
or of Stage 3 up  to  650° C., th e  ex tractio n  obtained 
by th e  subsequent cyan idation  under conditions 
which are com m ercially practicab le  was practically  
constant, th e  only g reat difference in  th e  results 
being in  th e  q u an titie s  of cyanide and lim e con­
sumed. This constancy of ex traction , or production  
of residues of co n stan t grade, po in ted  to  th e  possi­
b ility  th a t  th is  u n ex tractab le  po rtion  of th e  gold 
was p resen t in  th e  raw  concentra tes in  some 
combined form which is stab le  up  to  650° C.

R oasting to  800° C. in  Stage 3 does no t result 
in any fu rther e lim ination  of arsenic, bu t consider­
ably increases th e  ex traction  of gold by cy an id a­
tion ; th is  result lending support to  th e  view  
th a t arsenic is n o t th e  controlling facto r in  
preventing a high percentage ex traction  from 
being obtained. A pparently , th is  h igh-tem perature 
finish liberates a fu rth er portion  of th e  com bined 
gold, b u t th e  au tho rs have been unable to  determ ine 
the sta te  of com bination  in  which th e  gold exists. 
This h igh-tem peratu re  p roduct does no t require 
washing before cyan idation , filters rapid ly , and 
consumes only very  sm all q u an titie s  of cyanide 
and lime during  cyanidation . The possibility  of 
concentrating th is  portion  of th e  gold by flotation 
was investigated  so as to  perm it of microscopic 
exam ination of th e  concentra te, b u t w ithout 
success. E ven a fte r sulphid ization  of th e  cyanide 
residues w ith  sodium  sulphide for sixteen hours, 
flotation failed to  effect any  concentra tion  of 
gold in  th e  froth.

In  an  endeavour to  determ ine w hy th is  large 
and p ractically  constan t am ount of th e  gold 
rem ains undissolved, which it  was considered 
possible m ight be locked up and  rendered in ­
soluble in  cyanide solution b y  stable arsenic 
compounds form ed during  roasting , a sam ple of 
calcine was heated  to  b rig h t redness w ith  50% , 
by weight of sodium  carbonate  and afterw ards 
ground, boiled w ith  w ater, and washed. The arsenic 
content of th e  calcine was reduced from 2-22% 
to  0-40%. This trea te d  p roduct was th en  cyanided 
by ag ita tion  w ith  0-25% KCN solution for forty- 
eight hours w ithout any  increase in  gold extraction  
over th a t  ob tained  from  a calcine containing 
3% of arsenic. T his tes t, therefore, in  conjunction  
with th e  im possibility  of ob tain ing a satisfactory 
extraction  from  Stage 1 calcine, poin ted  to  th e  
im probability  of arsenic being th e  principal cause 
of th e  failure to  o b ta in  a h igh  extraction .

Analysis of th e  raw  concentra te  showed th e  
presence of 0-83% of m anganese. I t  was considered 
th a t  trea tm e n t of th e  roasted  concentra te  w ith  
a sa tu ra ted  solution of su lphur dioxide would

rem ove any  possible harm ful effect on gold 
ex traction  th a t  m ight be due to  th e  presence of 
m anganese m inerals, or to  a superficial p ro tec tive  
film on th e  gold particles. (This p re -trea tm en t 
was successfully in troduced  by  Mr. S. B. McCluskey 
a t Fresnillo in  th e  trea tm e n t of m anganiferous 
silver ores.) This p relim inary  trea tm en t, however, 
was unsuccessful in  increasing th e  gold ex traction .

Sum m arizing th e  results ob tained  :—
1. Production o f Flotation Concentrates,— The 

elim ination of calcium  and m agnesium  carbonates 
from  th e  flo ta tion  concentra te  is of d is tin c t 
advantage in  th e  subsequent roasting  and cyan ida­
tion  of th e  product. I t  is possible th a t  w ith  produc­
tio n  of a clean concentra te  contain ing  a m inim um  
of calcium  and m agnesium  carbonates, th e  necessity 
for finishing th e  roast a t a high tem pera tu re  would 
be avoided.

2. Roasting o f Concentrates.— (a) The efficiency 
of th e  roast is no t decreased by  th e  presence of 
lum ps 'of concen tra te  up to  8 m esh in  size in  th e  
roaster feed, although these lum ps do not d is­
in teg rate  during roasting.

(b) R oasting  proceeds in  th ree  stages :—
Stage 1.— From  cold to  420° C. Up to  86% 

of th e  arsenic is oxidized and elim inated as arsenious 
oxide, A s 20 3, and p a rtia l oxidation  of th e  p y rite  
tak es place. There is no loss of gold during  th is  
stage.

Stage 2.— From  420° C. to  500° C. Com pletion 
of oxidation  of pyrite . A loss of gold, up  to  6% , 
occurs during th is  stage.

Stage 3 . — From  500° C. to  800° C. P a rtia l 
decom position of calcium  and  m agnesium  
carbonates, and sulphates. No fu rth er loss of 
gold tak es place during th is  stage.

3. Water Washing of Calcine.— Stage 2 and 
Stage 3 (to 650° C.) Calcine.— W ater w ashing 
produces no increase in  ex traction  in  th e  subsequent 
cyanidation , b u t reduces th e  consum ption of 
cyanide and  lim e and th e  possibility  of fouling 
th e  cyanide solution by  dissolved salts.

Stage 3 (to 800° C.) Calcine.—W ater w ashing 
is no t necessary.

4. Grinding o f Calcine.— Grinding of calcine is 
necessary as th e  hard  grains formed during roasting 
do no t b reak  down when th e  calcine is mixed w ith  
w ater.

5. Cyanidation of Calcine.
Stage 1 Calcine.—The percentage of gold 

am enable to  ex traction  by  cyanide solution a t 
th is  stage is very  low.

Stage 2 Calcine.— A pproxim ately  88% of the  
gold is soluble in  cyanide solution a t  th is  stage, 
b u t an  excessive am ount of lim e is required to  
o b ta in  a m inim um  consum ption of cyanide. The 
pulp  filters very  slowly and  th e  filter cake re ta ins 
a very  high percentage of m oisture.

Stage 3 {to 650° C.) Calcine.— The gold extraction  
is slightly  h igher th a n  th a t  obtained on Stage 2 
calcine and  th e  consum ption of cyanide and lime 
considerably lower. The pulp  filters readily  and 
th e  filter cake does no t re ta in  an  excessive am ount 
of m oisture.

Stage 3 [to 800° C.) Calcine.— There is a m arked 
increase in  gold ex traction  and th e  consum ption 
of cyanide and lim e is very  low, while th e  p roduct 
is ideal for filtering and washing.

C o n c l u s i o n s .— On th e  basis of th e  experim ental 
d a ta  obtained in  th is  investigation , th e  au thors 
have arrived a t  th e  following conclusions regarding
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th e  roasting  and  cy an id atio n  of th is  sample, of 
c o n c e n tra te s :—

1. Stages 1 an d  2 of th e  ro astin g  operation  
should be allowed to  proceed slowly and  a t  as low 
a  tem p era tu re  as possible. S tage 3 of th e  roasting  
operation  should be carried  to  a finishing 
tem p era tu re  of ap p ro x im ate ly  800° C.

2. T here is a  loss of gold up  to  6%  d u ring  Stage 2 
of th e  roast, possib ly  due to  th e  presence of chlorine 
in  th e  concentra te.

3. W ashing  of th e  calcine p roduced under th e  
above conditions is n o t necessary.

4. T he gold am enable  to  ex trac tio n  by  cyanide 
goes in to  solution during  a short period of ag ita tio n  
w ith  cyan ide solution.

5. A co m paratively  w eak cyanide solution— 
0-08% free KCN— is as efficient as a strong  solution.

6. The consum ption  of chem icals during  cy an ida­
tio n  of th e  calcine decreases as th e  finishing 
tem p era tu re  of th e  ro ast is increased  and, w ith  
a  finishing tem p era tu re  of ap p ro x im ate ly  800° C., 
th e  consum ption  should n o t exceed 0-5 lb. KCN 
and  5 lb. CaO p er to n  of calcine.

7. An e x trac tio n  of 93%  of th e  gold in  th e  
calcine is in d ica ted , which, owing to  th e  gold lost 
during  roasting , is equ iva len t to  88% of th e  gold 
in  th e  raw  concentra te.

F l o w  S h e e t

Raw C oncentrates
100 tons ; Assay 57-2 dw t. 

Content, 5,720 dwt.

Roasting

. I
Roasted Concentrates Roasting Loss

76-8 tons ; Assay 70-1 dw t. 336-3 dw t. =  5-9%
C ontent, 5,383-7 dw t. =  94-1%  recovery

Cyaniding

I I
Bullion Residue

5,015-1 dw t. 76-8 to n s ; Assay 4-8  dwt
Recovery on roasted concentrate, 93 • 2%  Content, 368■ 6 dwt.
Recovery on raw concentrate, 87-7%

Calculated H ead

Roasting loss 
Cyanidation residue 
Bullion recovery .

Tons.
23-2
76-8

Au. dwt. 
336-3 
368-6 

5,015-1

T otal . . . 1 0 0 - 0  5,720-0

H ead value, 57:2 dw t. Au. per ton.

ROCK-BURST EFFECTS IN SO U T H  A FR IC A
T he Journal of th e  Chemical, M etallurgical, and 

M ining Society of South  Africa for Ju ly  la s t con­
ta in s  som e notes b y  W. Allen which a re  th e  resu lt 
of observations of th e  effects of certain  rock-bursts 
and  general hanging-w all behaviour on th e  T urf 
Shaft, Robinson Deep, L td . Experience on one 
m ine is n o t sufficient to  base theories on such an  
im p o rtan t subject, th e  ideas being given for dis­
cussion and  fu rth er observation.

C onditions on th e  T urf Shaft a re  som ew hat 
d ifferent from  o ther mines. The ore comes from  a 
d ep th  vary ing  from  6,400 ft. to  7,400 f t.— all 
stoping being below th e  n ex t deepest mine. The 
average stoping w id th  is 52 in. and  th e  average 
dip 34°. T he support consists of 8 ft. b y  8 ft. filled 
pigstyes, in stra ig h t rows down th e  dip and staggered 
in th e  strike  direction. T hey  are  spaced 4 ft. a p a r t  
m easured on th e  strike  and  5 to  8 ft. a p a r t  m easured 
on th e  dip. The faces a re  carried a t  an  angle of 
ab o u t 25° to  th e  dip d irection. This is ra th e r 
steeper th a n  form erly, b u t is considered necessary 
so as to  lim it th e  num ber of ch-ute lines which have 
to  be k ep t open. T he aim  is to  com plete th e  work 
as quickly as possible so as to  be clear before th e  
stope is too narrow  to  work through.

I t  is possible th a t  m ore favourable conditions 
a re  being reached regarding rock-bursts th a n  those 
p revalen t on th e  adjoining m ines due to  a sequence 
of hanging conditions from  shallow workings 
to  g reat dep ths which m ight be given th u s  :—

(1) Shallow W orkings.— H anging-w all held by 
pillars.

(2) M edium  D epths.— W eight too heav y  to  be 
held by  pillars, b u t n o t heavy  enough to  fracture  
hanging-w all frequently  a t  th e  face an d  th u s allow 
th e  hanging to  m ove g radually  down.

(3) Great Depths.—W eight sufficiently heavy  to  
cause frequent fractures in hanging an d /o r foot- 
wall th u s allowing hanging-w all to  move gradually  
dow n (the speed increasing as d ep th  increases) 
u n til i t  reaches th e  foot-wall and  relieves the

pressure on th e  face. This process would be the 
sam e as is artificially  forced in som e classes of mining 
b y  “  b reak ing  th e  b a ck .”

T he effects of pressure on th e  workings can be 
d ea lt w ith  under tw o heads :—

(a) R egular hanging-w all m ovem ent.
(b) R ock-bursts.
(a) R egular hanging-w all m ovem ent.— The first 

is ' th e  norm al m ovem ent of th e  m ass of rocks 
tend ing  to  close up th e  cav ity  m ade by  rem oval of 
th e  reef. In  deep m ines i t  is a  force which it is 
qu ite  impossible to  resist, i t  can  only be retarded. 
As g rea t dep ths a re  reached pressures becom e so 
enorm ous th a t  th is  m ovem ent becom es ev iden t even 
during  th e  developm ent period. W hen stoping has 
s ta rted  supports show th e  m ovem ent w hen they 
are  still qu ite  close to  th e  face. This m ovem ent 
can  in places be seen by  th e  num erous induced 
frac tu re  planes which ap p ear in th e  hanging and /o r 
foot-wall. Close observation  of these  frac tu res has 
led to  th e  conclusion th a t  th ey  becom e m ore or 
less frequent as th e  face is m ore or less strong. At 
th e  po in ts of rem n an ts  th e  frac tu res a re  usually 
w idely spaced owing, i t  is suggested, to  th e  face 
no t being sufficiently strong  to  induce them . Moving 
tow ards th e  cen tre  of th e  face th ey  gradually  
becom e m ore dense u n til th e  m iddle p o in t of the 
face is reached w here th ey  becom e m ost dense.

(b) Rock-bursts.— The control, as far as it  allows, 
of th e  regu lar hanging-w all m ovem ent is a com ­
parativ e ly  sim ple and  safe operation  were it  not 
for th e  second effect of p ressure— “ R o ck-bursts.” 
W hen tw o stope faces approach  one an o th er to 
form a rem n an t, th e  re su lta n t shape of th e  rem nan t 
is norm ally  th a t  of an  in v erted  isosceles triangle. 
The n o rth  face of th e  rem n an t is alw ays covered by 
a row of sou th  side packs and  is never worked, 
so it is n o t necessary to  consider th e  effects on th a t 
side.

In  certa in  rock-bursts, th e  effects of which 
have been observed, it was noticed th a t  th e  g reatest
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to  minimize th e  effect of rock-bursts. In  order to  
avoid streng th  one m ust avoid th e  circular shape,
i.e. convex faces. The effect of hollowing o u t th e  
centre  of th e  faces as shown in Fig. 2 to  m ake them  
concave was considered. I t  seemed th a t  carry ing  
faces in th is  m anner would :—

(1) W eaken th e  core of th e  rem nan t m ore 
quickly.

(2) Confine th e  po ten tial bursting  section of th e  
face to  sm aller limits.

(3) H asten  th e  rem oval of th e  rem n an t by  easing 
th e  breaking on th e  projecting poin ts which would 
require very  little  drilling and  blasting.

T he suggested m ethod of obtaining th is shape is 
th e  following :—W hen tw o faces m eet one ano ther 
tw o m achines on each face are m ade to  commence 
drilling each m orning a t  th e  centre of th e  face, 
th e  top m achines w'orking upw ards and th e  bottom  
m achines working downwards. This ensures the  
centre  of th e  face moving more rap id ly  th an  the  
extrem ities. All work, drilling, lashing, and 
tim bering in the  early  p a rt of th e  shift would be 
concentrated  on th e  centre of th e  face, completed 
as soon as possible, and th e  rem ainder of th e  shift 
spent in work betw een th e  packs and th e  extrem ities 
of th e  faces rem ote from  th e  danger zone.

Some exam ples of recent experiences are  given 
in the  paper to  illustra te  th e  theories advanced. 
Most of th e  rem nants shown are affected by 
dykes or faults and  are therefore no t such good 
exam ples as one could have wished for, b u t th e  large 
num ber of dykes and  fau lts traversing th e  working 
area  of the  T urf Shaft m ake it difficult to  find 
exam ples n o t com plicated by these disturbances. 
The effect of dykes on the  behaviour of rem nants

burst was usually  placed somewhere in th e  
middle of th e  E as t and  W est faces. Looking closer 
into the  position of these bu rsts it was found th a t  
they were usually  ab o u t half w ay up from the point 
or slightly above half way. T h a t th is has been 
usually th e  case has been verified by  inquiry  from 
other observers. On considering th e  possible reasons 
for th is th e  conclusion was arrived  a t  th a t  it was 
because it  was th e  strongest section of the  rem nant. 
If the  conditions inside a rem nan t of ground be 
considered it is th o u g h t th a t  there  would be a central 
core which would be practically  undistu rbed  and 
th a t th e  conditions as one m oved from  th e  core 
outw ards tow ards th e  faces would a lte r in con­
centric circles as shown in Fig. 1. A t each successive 
ring from th e  centre  ou t th e  ground will be more and  
more affected by  th e  pressure.

I t  seemed therefore th a t  in order to  have a 
burst, th e  face, hanging or foot-wall m ust be of 
such a streng th  as to  be capable of resisting the  
pressure and  storing it  up  un til bursting  p o in t is 
reached. If  th e  face, hanging or foot-wall were 
weak th e  pressure would cause th e  w eakest of 
the th ree  to  fractu re  more frequently  and more 
lightly before th e  pressure had  bu ilt up to  such an  
ex ten t as to  cause a severe burst.

To sum m arize th e  conclusions :—
1. To have a rock-burst one m ust have strength.
2. If th e  rem n an t a t  any  po in t is w eak it will 

not bu rst there.
Application to practice.— I t  was th en  considered 

how to  app ly  th is  in the  working of rem nants so as
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is very  considerable, in some cases th ey  a re  a 
p ro tec tion  and  in o thers a  danger.

Effect on Foot-W all Drives.— A nother very  serious 
effect of rock-bursts in rem nan ts is th e  effect on 
th e  foot-wall drives under them . The R ock-B urst 
Commission recom m ended th a t  these sections of th e  
drives should be setted . This is invariab ly  done. 
F rom  observation  of th e  effects of bu rsts  on th e  
foot-wall drive th e  m ovem ent seems to  be a  very  
sharp com pression and  expansion on th e  hanging- 
wall and  usually  th e  walls of th e  drive. From  th e  
s ta te  of th e  tim ber in  th e  cases which have  been 
observed, i t  is th o u g h t th a t  m ost of th e  se tts  have 
been shaken o u t an d  th a t  th e  hanging-w all having

n a tu ra lly  been sh a tte red  by  th e  com precsion, has 
been free to  fall. Very little  broken  tim b er has 
been found in falls of th is  n a tu re  excep t where the 
tim ber has been very  lightly  wedged against the  
rock.

As a resu lt of these  ideas it h as been decided to  
tim ber such sections w ith  setts , b u ilt as shown in 
Fig. 3. The idea is to  m ake th em  so th a t  th ey  will 
s tand  up to  th e  shake an d  still be in position  when 
th e  hanging falls. If  th e  drive is high, th e  setts 
a re  covered w ith  a  soft cushion of cribbing. As 
little  blocking to  th e  sides is done as possible, and 
when it  is done it  m ust be by  soft wood blocks 
placed across th e  grain.

K A LG O O R LIE  M INING PRA CTICE
Im proved m ethods of m ining and  advances 

in th e  m etallurgical processes now in use a t  the  
L ake View and  S tar Mines in W estern A ustralia  
are  described b y  C. M. H arris in  an  article  appearing  
in th e  Chemical Engineering and M in in g  Review  
of M elbourne for A ugust 5. The w riter says th a t  as 
a first step tow ards th e  finding of new  ore a 
system  of diam ond drilling was s ta rted  and  an  
economic geologist appoin ted  to  lay  o u t th e  work. 
On every m ine a model of th e  m ine w orkings has 
been m ade to  corre late  th e  sections of th e  work 
done on a t  least four lodes. The cross sections were 
pa in ted  on sheets of glass and  each section of th e  
m ine is b u ilt in one fram e, which slides back, so 
th a t  any  p a r t  of th e  m ine can  be observed 
separately , while th e  various lodes can  be seen as 
viewed from  th e  sou th  end. The slides and  fau lt 
lines a re  shown. As a resu lt i t  is so m uch 
easier to  visualize th e  tren d  of th e  ore-bodies a lready  
worked and  where to  look for those lost or faulted. 
The discoveries of ore resulting  therefrom  are 
being developed as rap id ly  as possible an d  to  
increase th e  efficiency of th e  m iners a  num ber of 
a lte ra tions were m ade in th e  underground 
m ethods. In  some cases a t  first th e  m iners and 
th e  union leaders objected, b u t th e  increased footage 
and  absence of d u st and smoke, together w ith  con­
sequently  bigger pays, have resu lted  in  a  willing 
co-operation to  secure th e  desired im provem ent 
in w’ork done.

The new  3-ft. w edge-cut in troduced early  th is 
year has been th e  m eans of increasing th e  footage 
driven and  cross-cut from  less th a n  30 ft. to  over 
43 ft. for one m an  each on tw o shifts. N ight shift 
has been cu t out in nearly  all work underground. 
In  th is  s tan d ard  cu t, which m ust be bored by each 
m an, th e  18 to  21 holes are fired in one round and 
b lasting  is only p e rm itted  a t  crib  and  knock-off 
tim es. The fuses, w ith  de to n a to r a lready  a ttached , 
are supplied to  th e  m iners, also clay tam ping. 
This la tte r  m eans th e  saving of ab o u t th ree-quarte rs 
of an  hour on each firing o u t and  th e  whole of th e  
tam ping  for th e  four m ines is m ade by  one m an w ith 
a m achine sim ilar to  th a t  used in m aking sausages. 
In  order to  fire ou t a t  one operation  a m easuring 
stick  sim ilar to  th a t  used by  tim berm en is used and 
has 22 holes bored in it ; th e  fuses are inserted, 
sta rtin g  from th e  b o ttom  in th e  sequence th e  charges 
are to  explode w ith th e  aid  of a fuse lighter. W here 
th e  system  is adhered to  in th e  direction of th e  holes, 
now p ractically  every case, th ere  are no b u tts  
of holes left, and  w ha t is be tte r, th e  boggers who 
come in  to  clean up  th e  ore or m ullock have n o t 
to  ea t smoke and  dust. E ach  m achine m an is

given tw o developm ent faces to  wrork, so th a t  as 
soon as he fires out, th e  bogger comes in and  cleans 
up th e  broken ore or mullock.

By th e  use of th e  V en tu ri system  of ventilation  
a  good cu rren t of a ir is m ain ta ined  a t  th e  face of 
every drive and  cross-cut. T he V enturi p ipe of a 
diam eter of 5 in. is found to  be m ost effective and 
econom ical, as th ree  can  be cu t from  one sheet of 
galvanized iron. T he a ir je t  is bored w ith  an 
ap ertu re  of \  in. and  delivers 300 to  370 c. ft. of 
free a ir per m inute  a t  th e  end of th e  pipe near th e  
face. A t th e  3,300-ft. level i t  passes over ice held 
in  a  container.

The explosives used a re  5 to  54 plugs of 50% 
gelignite per hole. This has effected a considerable 
saving in  th e  cost of explosives used an d  lessened 
th e  fum es greatly .

In  order to  speed up th e  truck in g  an d  obviate 
th e  s tra in  of handling  heav y  tru ck s  on flat sheets, 
ra il po in ts and  curves a re  being p u t in th roughou t 
th e  mine. T hree electric b a tte ry -d riv en  locom otives 
have  been in use for som e m onths. T hey  have a 
haulage capacity  each of 150 to n s per sh ift over a 
length of 2,000 ft. Two larger ones a re  on order. 
The reduction  in cost and  tim e saved in truck ing  
is in keeping w ith  th a t  of th e  o th e r portions of th e  
delivery and  m aking it  possible.

Different types of rock drills, Leyner-Ingersoll 
drifters, Jackham er an d  telescope drills, are 
used, and  im m ediately  a m in er rep o rts th a t  his 
m achine is o u t of order a n o th e r is supplied, so th a t 
tim e lost in boring is reduced  to  a m inim um . An 
expert is em ployed to  keep th e  drills up  to  th e  
best efficiency. R ecen tly  th e  steel and  b its  have been 
reduced in diam eter, to  ensure g reater speed and 
economy. E ach  m iner is supplied w ith  a t  least 
10 sets of sharp  steel, which is carried  in to  him  a t 
th e  face, so th a t  he has no cause for delay  in looking 
for it. A rack  contain ing  spare steel of all lengths 
is p u t up  a t  each p lat.

An electric pum p has been installed  a t  the 
3,300-ft. level, from  w here i t  lifts all th e  w ater to  
th e  2,000-ft. level w ith o u t an y  troub le . From  
thence th e  w a ter g rav ita tes  to  a w a te r  sha ft from 
which it  is a t  p resen t being hau led  to  th e  surface 
by bailing tan k s . O rders have  been p laced for tw'o 
fu rth er electric pum ps to  be installed  a t  th e  2,000-ft. 
and  1,000-ft. levels, respectively , and  w'hen these 
are in place th e  wdiole of th e  w a ter will be lifted 
by electric pum ps in th e  th ree  lifts. The pum p 
a t  th e  3,300-ft. level has been in operation  for over 
th ree  m onths and  has given every satisfaction . I t  
is to  be duplicated  a t  th e  sta tio n  in order to  guard 
against an y  possible breakdow n.
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A  "'Ork necessary  to  th e  consum m ation  of th e  
full schem e of p rov id ing  th e  tonnage  required  
consists of th e  enlargem ent of Chaffers shaft from 
th e  surface to  a d ep th  of 2,800 ft., and  th is 
work is now  well in  hand . The new  shaft w ill be 
of four com partm ents, tw o  for ore haulage, one for 
m en an d  supplies, and  one for a ir and  w ater 
service lines. I t  is being equipped w ith  su bstan tia l 
poppet legs an d  a large steam -driven winding 
engine. I t  is hoped to  have th e  first section of 
the  shaft in full working order by  th e  end of th e  
curren t year.

The second stage of th e  program m e has been 
the  erection of a cen tra l crushing u n it, which has 
replaced 12 ore-breakers a t  th e  various shafts and 
can  crush tw ice th e  tonnage  th a t  th ey  could. This 
is a 71-in- G ates gv ra to ry  crusher housed in a special 
station  below surface level w ith  concrete foundations 
and walls. I t  is d riven by  a 35 h.p. m otor. The ore 
is conveyed in  tru ck s pulled by  an  engine, tipped  
into bins, an d  fed on to  th e  crusher, which has a 
capacity  of 60 to  100 to n s p er hour. F rom  thence 
it is conveyed on a 24-in. belt to  th e  Sym ons crusher 
which has a capacity  of 100 tons per hour to  4-in. 
size and  is d riven  by  a 100-h.p. m otor. Thence, 
in case of th e  trib u te rs , th e  ore is elevated to  bins 
quartered  and  broken down and  sam pled 
autom atically . The com pany 's ore is elevated to  
the  m ain ore bins and  fed in to  th e  Allis Chalmers 
type of ball-m ill, tw o  u n its of which are  now in 
commission. E ach has a ra tin g  of 10 tons per hour. 
The ad v an tage  of these  is th a t  th e  ore is w et 
crushed, giving g reater tonnage capacity  an d  th e  
absence of dust, b o th  vert- im p ortan t factors. The 
pulp th en  passes over corduroy tab les to  collect 
the  coarse free gold and  is th en  elevated in to  Dorr 
classifiers. The overflow from  these  is g rav ita ted

to  a sum p and  pum ped by  a Wilfley pum p in to  a 
th ickener direct, while th e  oversize goes to  th e  
tw o tube-m ills 5 ft. 6 in. d iam eter and  22 ft. in 
length. P rio r to  th is  e ither th iocarbanilid  or 
x a n th a te  as a conditioner is added and  experim ents 
a re  being carried  o u t a t  p resen t to  see w hich is th e  
m ore satisfactory . T he oversize from  th e  tube-m ill 
is re tu rned , while th e  pulp  is pum ped  up to  th e  
th ickener ; thence i t  flows in to  th e  surge tan k s 
a fte r  which th e  fro th ing  agen t is added, p ine  oil 
or aerofloat. The p ro duct contains 90%  m inus 
200 and  9%  m inus 150 and  passes in to  th e  M.S.- 
ty p e  p ilo t flo tation  u n it, which is handling  IS tons 
pe r hour.

In  th e  new  p la n t tw o Fahrenw ald  flotation 
m achines w ith  a  ra te d  capacity  of 25 tons pe r hour 
have  been erected. In  th e  form er m achine th e  a ir 
is supplied b y  a  R oots-type blower, while in th e  
new m achines it is inducted  from  th e  a tm osphere. 
T he float from  th e  first th ree  sections of th e  
m achine goes d irect to  th e  concentra te  thickener, 
while th e  rem aining five or th e  seconds are re tu rned  
to  th e  circu it to  be fu rth er conditioned. The residues 
a re  pum ped aw ay to  a slime dam . The concentrate 
from  th e  th ickener passes in to  a ta n k  which feeds 
th e  Oliver filter. The p resen t one has a capacity  of 
tw o tons per hour, b u t those now being erected will 
be ra ted  a t  four tons p er hour each.

T he concen tra te  passes over a  Lowden drier 
and  in to  E dw ards duplex roasters, of which three 
will be in operation when th e  full tonnage of con­
cen tra te  from  1,000 tons p er d ay  of raw  ore is 
trea ted , in place of six roasters which now are 
needed for 450 tons pe r d ay  of raw  ore. The roasted  
ore is ag ita ted  w ith  cyanide solution passed over 
Oliver filters and  th e  gold precip ita ted  by th e  Merrill 
Crowe zinc dust m ethod and  sm elted as usual.

TH A L LIU M
In form ation C ircular 6453 of th e  U nited  S ta tes 

Bureau of Mines, b v  A. V. P e ta r, deals w ith  
thallium , one of th e  ra re  m etals th a t  h as come 
in to  com m ercial use w ith in  recen t years. The 
com parative scarcity  of th is  m etal, com bined 
w ith a resem blance to  th e  com m on m etal lead, 
have re ta rded  th e  developm ent of its  uses. 
Although production  is still m easured in  pounds 
ra ther th a n  in  tons, i t  is now finding app lication  
in a num ber of fields. I ts  m ost im p o rtan t use is 
as a poison for ra ts  and  ants.

The phvsical and  chem ical p roperties of thallium  
are verv  sim ilar to  those of lead, th e  m etal is 
white w ith  a bluish-gray tinge, som ewhat paler 
th an  lead. I t  has a  b rig h t m etallic lustre  w hen 
freshlv cut, b u t dulls quickly  w hen exposed to  air. 
Thallium  is softer th a n  lead, i t  can  be scratched 
bv th e  finger-nail and  is  easily cu t w ith  a knife. 
I t  is m alleable, b u t has little  tenacity , and  can  be 
squeezed b u t n o t draw n, in to  wire.

There a re  no com m ercial ores of th is  m etal, 
although i t  is  p resen t in  sm all q u an titie s  in  a 
great m anv  m inerals. The supply  was form erly 
obtained solely from  flue dusts th a t  accum ulated  in  
sulphuric acid  p lan ts  w here p y rite  is used. The 
t h a l l i u m  co n ten t of these  flue dusts is  sm all, 
usuallv ab o u t ha lf of 1% , and  th e  thallium  is 
produced onlv b y  a by-product. A t p resen t m ost 
of th e  supplv  in  th e  U nited  S ta tes is a by-product 
of th e  purification  of cadm ium , itself a by-product 
of th e  sm elting of zinc.

F o u r v ery  ra re  m inerals con tain  appreciable 
percentages of thallium . Crookesite, a thallium - 
copper-silver-selenide, which contains from 
16 to  19%, is  found in  Skrikerum , Sweden. 
L orandite, a sulphide of thallium  and arsenic, 
con tains from  59 to  60% of thallium  and  is found 
in  M acedonia. H utchinsonite , a  sulpho-arsenide 
of thallium , lead, silver, and  copper, has a thallium  
co n ten t of from  IS to  25% . This m ineral occurs in  
w hite dolom ite of th e  Legenbach Q uarry  in  th e  
B innental, Sw itzerland. V rbaite , found in  
M acedonia, is  a  sulphide of thallium , arsenic 
and  an tim ony  w hich contains 29 to  32% of thallium . 
T hallium  is also p resen t in  sm all q u an titie s  in  a 
g reat v a rie ty  of rocks and  m inerals, such as pyrite , 
zinc blende, hem atite , lepidolite, m uscovite, 
orthoclase, pitchblende, berzelinite, frenzelite, 
pvrolusite , m anganite , cam aU ite, etc . Owing 
to  its  occurrence in  som e of th e  comm on m inerals, 
tha lliu m  is found in  com m ercial p roducts such 
as zinc, cadm ium , p latinum , b ism uth , tellurium , 
an d  sulphuric acid. Copper p y rite s and  iron  
pv rites frequen tlv  con ta in  thallium .

Alloys of lead  and  tha lliu m  are  som ewhat 
unusual in  th a t  th ey  have h igher m elting po in ts 
th a n  e ith e r of th e  com ponent m etals ; th ey  are 
used in  ra th e r  sm all q u an titie s  in  special types 
of electrical fuses. An alloy contain ing  i0%  
thallium , 20%  tin , an d  70% lead  is  re sistan t to  
th e  corrosive action  of m ix tures of sulphuric, 
n itric , and  hydrochloric acids. This alloy has
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been recom m ended for use as an  anode for th e  
electro ly tic  deposition of copper, since its  corrosion 
is less th a n  one-fifth th a t  of lead  alone. 
E xperim ents in d ica te  th a t  th e  ad d ition  of thallium  
to  lead-base alloys m arkedly  im proves th e ir  
resistance to  deform ation.

M any uses have  been found for th a lliu m  com ­
pounds. B y fa r th e  m ost im p o rta n t com m ercial 
o u tle t for th e  elem ent is th e  u tiliza tio n  of thallium  
su lphate  as a  poison for rodents and  as an  insecticide 
for an ts . T he su lphate  has th e  ad v an tag e  of being  
tasteless and  odourless. B ecause' of th e ir  high  
refracting  power, tha lliu m  com pounds a re  used 
in  th e  m anufactu re  of certa in  k inds of op tica l 
glass in  w hich a high re fractive  index is required. 
The oxysulphide of thallium  is used in  th e  
“ Thalofide ” cell, w hich is m ore sensitive to  light, 
especially th a t  of low in ten sity  and  long wave length, 
th an  th e  selenium  cell. I ts  electric resistance drops 
50% on exposure to  a quarte r-foo t candle.

The use of tha lliu m  and  its  com pounds to  p reven t 
knocking in  in te rn a l com bustion engines has been 
p a ten ted . A ccording to  th e  p a te n t specifications, 
thallium  or thallium  oxide m ay  be vaporized o u t­
side th e  cylinder by  an  electric  arc or a thallium  
com pound m ay  be m ixed w ith  th e  fuel or otherw ise 
in jected  in to  th e  engine. The com pounds which 
m ay be used include tha lliu m  ethyl, benzylate, 
p henylethy la te , oleate, am ylalcoholate, and 
acetoacetate.

A liquid  am algam  contain ing  8.5% of thallium  
has been used in  therm om eters for recording 
tem pera tu res as low as —60°.

Thallous chloride has found use as a "  g e tte r ”

in tu n g sten  lam ps to  prolong th e  life of th e  filam ent. 
I t  is one of th e  few lower chlorides th a t  is more 
stable th a n  th e  com pound of th e  h igher s ta te  of 
oxidation .

In  a  s tu d y  of heavy  liqu ids for m ineralogical 
analyses th e  U nited  S ta tes B ureau  of Mines found 
th a t  th e  m ost su itab le  liqu id  for sink-and-float 
w ork on m inerals of high  specific g rav ity  was a 
w ater solution of th e  double thallous form ate- 
m alonate. T hallium  ace ta te  has been used for 
th e  trea tm e n t of certa in  k in d s of tuberculosis 
and ringworm . A t one t im e  it  was used as a 
depilatory .

The dem and for tha lliu m  and  its  sa lts  is n o t large. 
The only com pound of tha lliu m  th a t  has a tta in ed  
anv  m arked com m ercial developm ent is the 
su lphate  and  i t  is understood th a t  th is  dem and 
is being tak e n  care of largely  b y  im p o rts from 
G erm any. No figures covering im p o rts are 
available. E arly  in  1931 th a lliu m  m etal was 
quoted  a t  from  $12 50 to  $15 p e r lb. and  the  
su lphate  was selling a t  prices rang ing  from $10 
to  $15 p er lb.

The d iscovery of th a lliu m  d a tes back  to  the  
early  p a r t  of 1861, w hen W . Crookes no ted  a b righ t 
green line  in  th e  spectrum  of th e  selenium  residues 
from  a su lphuric  acid fac to ry  in  th e  Harz 
M ountains ; he was looking for tellu rium , bu t 
spectroscopic exam ination  revealed th e  presence 
of an  unknow n elem ent, to  w hich he gave th e  name 
“ th a l l iu m ”— “ from  th e  L a tin  thallus, a  budding 
tw ig— a word frequen tly  em ployed to  express 
th e  beau tifu l green t in t  of young vegetation  in 
sp ring .”

L e a d - Z in c  F lo ta t io n  a t  M idva le ,  U ta h ,—
C oncentrating  practice  a t  th e  M idvale P la n t of 
th e  U nited S ta tes Sm elting, Refining and  M ining 
C om pany is described in In form ation  Circular 
6492 of th e  U nited  S tates B ureau of Mines, by  
R. A. Pallanch. A t th is  custom  mill, which has a 
capacity  of abou t 1,000 tons p er day, all concentra tes 
are produced by flotation except th a t  an insignificant 
am ount of py rite  is recovered b y  tab les from  th e  
final flotation tailings. Most o f - th e  ore trea te d  
comes from  th e  U.S. and L ark  m ines of th e  B ingham  
d istric t, which are com pany controlled and furnish  
ab o u t 750 tons of ore p er day. In  add ition , 
considerable custom  ore is received from  o ther 
lead-zinc-pyrite m ines of th e  B ingham  d istric t and 
sm all sh ipm ents from  P a rk  C ity and  T intic , and 
from  th e  neighbouring sta tes  of Colorado, Idaho 
and N evada.

The p lan t is unique in th a t  it provides for storage 
of separate  ore and  m ixing of ores w ithout resorting 
to  bedding. The ore is crushed to  f-in . size by  a 
14-in. g y ra to ry  b reak er se t a t  ab ou t 2 in. and two 
sets of 55 by  16 in. rolls in series. The second set 
of rolls is in closed circuit w ith  v ib rating  screens.

The concen tra to r has 3 units, each equipped w ith 
one 5 by  10 ft. p rim ary  rod-m ill and  one 5 by  10 ft. 
secondary ball-mill bo th  operated  in closed circuit 
w ith  classifiers. The overflow pulp of th e  secondary 
classifier feeds th e  lead flotation circuit which is 
equipped w ith  a 12-cell 24-in. m achine of th e  sub ­
aeration  ty p e . The first 5 to  8 cells produce finished 
lead concentra tes ; th e  rem aining cells produce 
lead m iddling p roducts w hich are re tu rn ed  to  the  
head  of th e  lead circuit.

The tailings of th e  lead section comprise th e  feed

to  th e  zinc flotation c ircu it which is equipped with 
a 10-cell 24-in. p rim ary  m achine and  an  8-cell 
24-in. secondary  m achine. T he first 3 to  5 cells 
of th e  p rim ary  m achine produce finished zinc con­
cen tra tes. The rem ain ing  cells of th e  prim ary  
m achine produce first zinc m iddling products which 
are re tu rn ed  to  th e  head  of th e  p rim ary  m achine. 
The tailings of th e  p rim ary  m achine a fte r  con­
ditioning and  th icken ing  in a  50-ft. th ick en er are 
trea te d  in th e  secondary  flo ta tion  m achine. The 
first 2 cells of th e  secondary  m achine produce 
additional first zinc m iddlings w hich are re tu rned  
to  th e  head  of th e  zinc c ircu it. T he rem aining 
cells produce second zinc m iddlings w hich flow by 
g rav ity  to  th e  seven th  cell of th e  p rim ary  machine. 
The tailings of th e  secondary  zinc flo ta tion  machine 
are trea te d  in an  8-cell 24-in. m achine referred  to 
as th e  “ py rite  m ach ine.” A t p resen t th is  machine 
produces th ird  zinc m iddling products from  the 
first 4 cells and  p y ritic  concen tra tes from  th e  last 
4 cells. The th ird  zinc m iddlings join th e  prim ary 
m achine tailings for add itional conditioning in the 
th ickener.

The final flotation tailings are trea te d  on tables 
which o p erate  p rim arily  as p ilo t tab le s  and 
inciden tally  recover sm all am ounts of p y rite  con­
cen tra tes  which are  added  to  th e  flo tation  pyritic 
concentra tes. Sim ilar concen tra tes from  th e  three 
mill units are m ixed and  a fte r th icken ing  are 
filtered by  10-sector disc filters.

D uring  th e  fo u rth  q u a r te r  of 1929 th e  concen­
tra to r  trea te d  88,353 tons of ore and  produced 
16,287 tons of lead concentra tes, 9,805 tons of 
zinc concentra tes and  19,658 to n s of pyritic  
concentrates.
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• ^ e £*ir *c a l R es is t iv i ty  a n d  E le c t r ica l  I n d u c ­
t io n  M e a s u r e m e n ts .— The results of electrical 
resistiv ity  and electrical induction m easurem ents 
a t A bana M iae, Quebec, Canada, have been 
published by  th e  U nited  S tates B ureau of Mines 
as Technical P aper 501, by  E . Vernon P o tte r. This 
paper form s th e  la test con tribu tion  to  a series 
devoted to  geophysical prospecting for minerals.

The ore-body stud ied  is an  in tim ate  m ix ture  of 
chalcopyrite, sphalerite , and  pyrite , w ith  fractional 
percentages of galena an d  te trah ed rite . The gold 
and silver are associated w ith  copper, zinc, and  lead 
m inerals. T he py rite  contains no precious m etals. 
In  m aking these tests , it was th e  aim  of th e  geo­
physical section of th e  B ureau of Mines to  determ ine 
experim entally  to  w hat ex ten t th e  m egger earth - 
resistance te s te r  would be applicable in locating 
the  m ineralization in th is  d istric t. The megger, 
which embodies a source of electrical energy in the  
form of a little  hand  generator as well as a direct 
m ethod for m easuring th e  resistance betw een any 
two po ten tial differences, was selected for m aking 
field m easurem ents because of its sim plicity. There 
is a g reat advantage in th e  use of an  in strum en t 
of th is n a tu re , since it combines reliability , ligh t­
ness, and accuracy to  a rem arkable degree. In  
addition to  th is  in strum en t, ground stakes or 
electrodes, good insu lated  wire, a p lane tab le , 
a level, and several reels are required.

The tw o geophysical prospecting m ethods 
described in th is paper are based on widely different 
principles, and each has its own special field of 
application. The resistiv ity  m ethod is necessarily 
slow, b u t very  detailed results are obtainable from 
its correct use. The a lte rna ting -cu rren t m ethod, 
however, is good for rapid  w ork b u t does no t reveal 
th e  details, such as depth , slope, etc ., nearly  so 
well. A com bination of tw o such m ethods should 
be very  useful in m aking a survey  over new country, 
the a lte rna ting -cu rren t m ethod being used for a 
prelim inary survey and  th e  resistiv ity  m ethod for 
a  detailed survey a t  in teresting  points. Needless 
to say, bo th  m ethods discrim inate betw een bodies 
of differing conductiv ity  which m ay or m ay not 
represent m ineralization. These surveys are of 
value in d istric ts in which, from  a geological view­
point, m ineralizations are likely to  occur. The paper 
also contains an  “ E xplanation  of some factors 
associated w ith  th e  induction  m eth o d ,” by
F. W . Lee.

S H O R T  NOTICES
C aving  M e th o d s  of M in ing .—M. J. E lsing 

deals w ith caving m ethods of m ining in Engineering 
and M ining World for Septem ber.

Roof S u p p o r t .—The support of excavations on 
th e  W itw atersrand  is described by  A. G. Boyden 
in Engineering and M ining World for Septem ber.

C o m p r e s s e d  Air .— M. M. M otreul con tribu tes a 
study  on th e  cost and  use of compressed a ir to  
Revue de I'Industrie Minerale for Septem ber.

C o m p le x  Ores. '—Technical P aper 499 of the  
United S tates B ureau of Mines by  G. L. Oldright 
contains d a ta  from  experim ental work on ores in 
the  D enver laboratories of th e  Complex Ores 
Recovery Co.

Milling  a t  B ro k en  Hill.— In the  Proceedings 
of th e  A ustralasian  In s titu te  of Mining and 
M etallurgy (New Series) No. 82, K. W . P. Parsons 
describes th e  milling practice a t  th e  Central Mine, 
Broken Hill, N.S.W .

P r o d u c t io n  C osts .—S. D. Strauss discusses th e  
costs of copper production  in th e  Am ericas in  
Engineering and M ining World for Septem ber.

Gas G e n e r a to r s  in M e ta l lu rg y .—A t a m eeting  
of th e  In s titu tio n  of Chemical Engineers held on 
O ctober 2, N. E. R am bush and F. F. Dixon 
presen ted  a pap er on “ The Gas G enerator as a 
D irect P roducer of M etallurgical P roducts.”

L ead  B l a s t - F u r n a c e  D a ta .— In  the  Proceedings 
of th e  A ustralasian In s titu te  of Mining and 
M etallurgy (New Series) No. 82, O. H. W oodward 
describes some features of lead blast-furnace 
operations a t  P o rt Pirie.

F a r a d a y ’s M e ta l lu rg ic a l  Work.— In  th e  Philo- 
sopical Transactions of the  Royal Society, Series A, 
Vol. 230, pp. 221-292, Sir R obert Hadfield gives 
th e  results of a research on F a rad ay ’s “ Steel and 
Alloys.”

M e ta l lo g rap h ic  A bras ives .— J. L. R odda 
describes th e  p repara tion  of graded abrasives for 
m etallographic polishing in Technical Publication 
No. 438 of th e  Am erican In s titu te  of Mining and 
M etallurgical Engineers.

C h i lean  N i t r a te .— The production and uses of 
Chilean N itra te  of Soda are described by  G. M. 
Donald in  th e  Chemical Engineering and M ining  
Revieiv of M elbourne for August 5.

Gold  M in ing  in  R uss ia .—V. M. K arm ashov 
deals w ith  Gold mining in th e  U.S.S.R. in Engineering 
and M ining World for Septem ber.

S o u th  A fr ican  T o rb a n i te .— The Erm elo 
to rban ite  as a source of oils is discussed by W. 
Bleloch in th e  Journal of the  In stitu tion  of Petroleum  
Technologists for Septem ber.

G y p s u m  in  M a n i to b a .—G. M. Brownell 
describes th e  A m aran th  Gypsum D eposit in the  
Canadian M ining and Metallurgical Bulletin for 
Septem ber.

V ic to r ian  B aux ite .—The South Gippsland 
bauxite  deposits are described by  D. Clark in the  
Industrial Australian and M ining Standard for 
August 20.

C h r o m i t e  in M o n ta n a .— In  Economic Geology 
for Septem ber-O ctober, V. Jones describes the  
chrom ite deposits occurring near Sheridan, M ontana.

Age R e la t io n s  of M ine ra ls .— Several well- 
known au thorities con tribu te  to  an  article  on the  
criteria  of age relations of minerals, w ith  especial 
reference to  polished sections of ores, appearing in 
Economic Geology for Septem ber-O ctober.

Gold  in  Quebec .—L. V. Bell describes the  
occurrences of gold in Cadillac, Quebec, in Economic 
Geology for Septem ber-O ctober.

W aite  Mine, Quebec .—The geology of the 
W aite-A ckerm an-M ontgom ery ore-deposit is de­
scribed by R. Peale in th e  Canadian M ining and 
Metallurgical Bulletin for Septem ber.

Coal  P r e p a r a t io n .  —T. W. Guy deals w ith the 
grow th of coal p reparation  in th e  smokeless fields 
of W est Virginia in Technical Publication  No. 437 
of th e  A m erican In s titu te  of Mining and  M etal­
lurgical Engineers.

RECENT PATEN TS PUBLISHED
p V  A copy o f the specification o f a n y  o f the patents mentioned, in  

th is  colum n can be obtained by sending  Is. to the Patent Office, 
Southam pton B u ild in g s , Chancery Lane, London, W .C . 2, with  
a note o f the num ber and year o f the pa ten t.

32,318 of 1929 (354,395). E . J .  L a w r e n c e  and 
J .  A. D a n i e l ,  London. Zinc alloyed w ith  a sm all 
proportion  of tin  is used w ith  hydrochloric acid
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fo r producing  hydrogen  in  a  cassite rite  ore pulp  
in o rder th a t  th e  ore particles m ay  be m etallized 
and  subsequently  recovered fry flotation.

3,094 of 1930 (353,891). S. J u n g h a n s , Villingen, 
G erm any. Alloys of alum inium , hav ing  th e  p ro p erty  
of b e in g “ self-im proving ” w ith  respect to  hardness, 
a re  m ade contain ing  5-20%  copper, 1-3%  each 
of chrom ium , m anganese, and  tu n g sten , 0 1 -3 %  
nickel, and 0-1 -2%  of alkali or alkaline ea rth  m etals.

11,759 of 1930 (353,415). H. S u t t o n  and  L. F. 
l e  B r o c q , South Farnborough. The tre a tm e n t of 
m agnesium  rich alloys in ho t solutions of chrom ates 
o r dichrom ates of alkali o r alkaline e a rth  m etals 
is found to  produce coatings of o rnam en ta l colour 
which are p ro tec tive  against corrosion.

14,727 of 1930 (354,816). A. G i l d e m e i s t e r  and
E . C a m p a g n e , Paris. V anadium , as vanad ium  
sesquioxide, is recovered  from  h eavy-m eta l 
vanad ium  ores by  reducing in th e  presence of a flux 
consisting  of one or m ore of th e  alkaline or alkaline 
e a rth  chlorides or cyanides, th e  sesquioxide being 
a lm ost infusible and quite  insoluble in  w ater.

14,872 of 1930 (354,794). I .  G. F a r b e n i n d u s t r i e  
A.-G., Frankfort-on-M ain , G erm any. Zinc oxide 
p rec ip ita ted  from  zinc lyes by  adding an  alkali 
m eta l or alkaline ea rth  m etal hydroxide in such an 
excess th a t  th e  liquid above th e  p recip ita te  exhibits 
a  p H  value betw een 12-0 and  12-8, is found to  
m ake a pure  white pigm ent of sa tisfactory  covering 
power.

25,373 of 1930 (354,565). E. R o e n n e ,
Copenhagen. S lurry for calcination is trea te d  in a 
ro ta ry  kiln  divided in to  tw o p a rts , th e  first for 
d ry in g  purposes being ro ta ted  a t a h igher speed 
th a n  th e  second in which burn ing  is carried  out.

28,692 of 1930 (355,078). U n i t e d  V e r d e  C o p p e r  
C o m p a n y , Clarkdale, Arizona. The iron sulphides 
con tained  in unreactive  copper m attes are utilized 
for th e  production  of hydrogen sulphide, resulting  
in a concen tra tion  of m etallic copper.

37,833 of 1930 (353,815). I .  G. F a r b e n i n d u s t r i e  
A.-G., Frankfort-on-M ain , G erm any. T ungsten  
ores, w olfram ite, for exam ple, are trea te d  w ith  a 
m ix tu re  of hydrogen and  chlorine, in such p ro ­
portions th a t  th e  volum e of hydrogen is a m ultiple 
of th a t  of th e  chlorine, a t a tem p era tu re  of abou t 
850-900° C., foreign substances in th e  m ineral 
being chlorinated  and  volatilized.
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