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E D IT O R IA L

H ELD every two years, the Public Works, 
Roads, and Transport Exhibition is 

taking place at the Agricultural Hall from 
November 16 to 21, when more manu­
facturers of mining machinery will be found 
assembled under one roof in London than 
at any other exhibition for some considerable 
time.

A GENEROUS offer made to the Council 
of the Institution of Mining Engineers 

by Messrs. Mavor and Coulson, Ltd., of 
Glasgow, of another travelling studentship 
has been accepted. The sum available, £300, 
must be used by the approved candidate in 
completing a tour which includes either the 
United States or Canada.

CLOSER union between Uganda, Kenya, 
and Tanganyika is not advocated by 

the Parliamentary Joint Committee—which 
has just issued its report—as was generally 
expected. Co-operation as far as possible 
is to be effected by periodical conferences of 
governors and as an aid the appointment of 
a supreme adviser on transport is recom­
mended.

EFFICIENT tunnelling work in connexion 
with the Manchester Corporation 

Haweswater Scheme has been recorded in 
the last two issues of the M a g a z in e . Under 
the supervision of the contractors, the 
François Cementation Company, the rapid 
advance is being continued and all concerned 
in this work are to be congratulated on the 
manner in which it is being carried out.

W ITH the appearance of Part III. of the 
“ Summary of Progress ” 1 for 1930 

the report of the Geological Survey and 
Museum for that year is completed. Among 
the papers in this number are two relating to 
geophysical prospecting, the first, by W. F. P. 
McLintock and J. Phemister, relating to a 
magnetic survey over the Lornty dyke, Perth­
shire, and the second, by A. F. Hallimond, 
describing a similar survey over the Pentland 
fault, in Midlothian.

MUCH valuable information from the 
individual reports of the inspectors

1 “ S um m ary  of P rogress,” P a r t  I I I .  Geological 
Survey of G rea t B rita in . P rice  2s. L ondon : H.M . 
S ta tio n e ry  Office.

is given in the annual rep o rt1 of the Mines 
Department. Although dealing primarily 
with questions relating to the health and 
safety of workers in metalliferous mines 
and quarries, it also contains figures relating 
to employment, output and value of 
minerals, and the use of explosives and 
electricity. During 1930 over 76,000 persons 
were employed in the quarrying industry 
and over 13,000 in metalliferous mines in 
this country, the value of mineral obtained 
from both sources amounting to approxi­
mately £18,500,000.

A COMMITTEE of experts appointed 
by the International Chamber of 

Commerce to advise on the silver question 
has now issued its report. The recommenda­
tions of the committee are four in number, 
the most important, perhaps, being one in 
which it is proposed that efforts be made to 
bring North American producers and refiners 
of silver into a sales agreement with India. 
The other proposals are : First, a plan for 
the use of silver as a backing for currency 
notes ; secondly, a plea for the restoration of 
pre-war fineness to silver coinages, and 
thirdly, a recommendation to silver producers 
to institute research for devising new uses for 
the metal and for improving its properties. 
Further to this last point, it is stated that a 
method of avoiding the tarnishing of silver 
would alone increase its utility.

ÎN the August issue of the M a g a z in e  
reference was made to the postpone­

ment of the International Geological Congress 
until June, 1933, in view of the generally 
adverse economic conditions prevailing 
throughout the world. As a result of the 
responses to the preliminary list, the following 
revised programme of topics for discussion 
is now proposed : Measurement of geological 
time by any method, batholiths and related 
intrusives, zonal relations of metalliferous 
deposits, major divisions of the Palaeozoic 
system, geomorphogenic processes in arid 
regions and their resulting forms and 
products, fossil man and contemporary 
faunas, and orogenesis. In the most recent 
circular a list of proposed excursions is 
given, all of which have been arranged to 
cover interesting features of American 
geology.

1 “ R ep o rts  of H.M . Insp ec to rs  of M ines and 
Q uarries, 1930.” P rice  Is. L ondon  : H.M.
S ta tio n e ry  Office.
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Sm elting and Drainage Problems

The first meeting of the 1931-1932 session 
of the Institution of Mining and Metallurgy 
took place last month. This is the forty- 
first of these sessions and, although it is 
taking place in somewhat trying times for 
many members, those attending were 
privileged to hear two very interesting papers. 
The first of these, which appeared in the 
June Bulletin and extracts from which are 
given elsewhere in this issue, is by Mr. O. H. 
Woodward and is entitled “ Some Features 
of Lead Blast-Furnace Operations at the 
Works of the Broken Hill Associated Smelters 
Proprietary, Limited, Port Pirie, South 
Australia.” This paper has been presented 
simultaneously before the Australasian 
Institute and a comparison of the discussions 
before the two bodies should prove 
illuminating. The second paper, by Mr. L. C. 
Stuckey, had also appeared in an earlier 
Bulletin, that for August, and is called a 
“ Note on the Use of Borehole Pumps for 
Mine Drainage.” The two papers were 
presented at a well-attended meeting and 
each was followed by an interesting dis­
cussion, although all of it, perhaps, might 
not be considered relevant.

Mr. Woodward’s paper was, perforce, 
presented in the absence of the author, its 
introduction having been left in the capable 
hands of Mr. Hugh Picard. The subject- 
matter covers certain features of operating 
practice at Port Pirie and deals particularly 
with the effect of zinc on lead blast-furnace 
operations, together with an account of the 
methods used to deal with the problem. In 
addition, the author examines the course 
of development of the tuyere position, 
particularly as regards its height above the 
bottom of the furnace jacket, and the 
extension of the tapping interval, showing 
the combined effect of these two factors on 
the lead content of blast-furnace slag. It is 
shown how costs at Port Pirie rendered it 
necessary to increase the lead content of 
the furnace charges and to reduce the 
quantity of barren flux added, which resulted 
in an automatic increase in the zinc content 
of the charge, with the troubles attendant 
thereon. The manner in which these troubles 
were overcome is fully explained and in the 
course of the argument it is shown how those 
in charge of operations at Port Pirie have 
evolved an empirical formula which permits 
of the control of ZnO, CaO, and FeO +  MnO, 
a formula which, of course, may apply only 
to Port Pirie practice, where the variations

in the slag constituents are within narrow 
limits, but the way in which it has been 
applied to varying conditions bears witness 
to efficient technical control. The author 
has shown that when careful attention is 
given to the quality of coke used in the blast 
furnaces and the empirical formula is applied 
the blast-furnace smelting of a charge 
carrying a relatively high concentration of 
zinc can be carried out successfully. As 
regards the second point dealt with in the 
paper, affecting tuyère position and the 
extension of the tapping interval, it is further 
shown how at one phase of the operations 
it became apparent that a good bed of coke 
had to be maintained below the tuyères, 
with a minimum above them, and how it 
was decided to increase the height at which 
they were placed in the furnace. Further 
work showed the importance of the length 
of the tapping interval and it was decided 
to extend this. As a result of these modifica­
tions of practice the work at Port Pirie has 
proceeded more smoothly and the somewhat 
arbitrary way in which the tuyère height 
was altered has at any rate proved successful, 
the control of charge composition having 
been finally achieved. The discussion on 
this paper was opened by Mr. H. Lancaster, 
who, after commenting on several of the 
points outlined above, congratulated the 
author and his company, not only on 
the successful outcome of the work, but on 
the large-minded spirit which permitted the 
broadcasting of such important results, a 
tribute seconded by later speakers, who 
included Mr. A. H. Mundey, Dr. Sydney 
Smith, and Mr. R. Murray-Hughes.

Turning to Mr. Stuckey’s paper, readers 
are reminded that a digest of this appeared in 
the M a g a z in e  for September and they will 
recall that it described an installation using 
a pump suspended in a bore-hole to drain 
a mine in North Africa. Conditions in this 
instance favoured such a proposal, as the 
area consisted of porous schists intersected 
by five lead lodes, one of which is exploited 
over a length of one and a half mile. These 
lodes are themselves crossed by fissures 
and have a gentle dip, actually 30°, which 
means that lowering the water table by one 
foot uncovers 2.ft. of lode. These deposits 
have been worked extensively over the last 
20 years, but prior to the introduction of the 
present scheme work had been confined to 
those parts accessible from adits, practically 
no work having been done below water 
level. Observation in various parts of the 
workings had shown the water table to rise
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simultaneously in all lodes, a condition 
favourable for a central drainage scheme. 
The pump finally employed was of the 
mechanical transmission type, with vertical 
shafting, and this was installed in a bore­
hole drilled 55 cm. in diameter at the top, 
with a casing leaving a clear 50 cm. from top 
to bottom. The hole was put down 13L4 
metres from an old shaft and the cost of the 
total installation was £3,500. The water 
pumped is brackish, but over a period of 
two years the pump gave successful results 
and has since been replaced by a permanent 
installation of a similar character, which 
was described by Mr. Rundall, who opened 
the discussion, being followed by Messrs. 
Morgans, Chaplin, and De La Mare. The 
author, in introducing his paper, was able to 
show some slides of a modern submersible 
pump.

Placer Gold in British Columbia
With this and other countries forsaking 

the gold standard, there has been some 
speculation as to the future of the metal. 
General opinion seems to be agreed, however, 
that gold remains the most favourable 
medium for international exchange purposes 
and there appears to be no reason why the 
search for it should not continue—it is, 
indeed, being actively prosecuted, especially 
in the direction of the re-examination of old 
placer territories. The application of expert 
geological knowledge to the interpretation 
of the physiographical history of mineral- 
bearing regions was commented on in these 
columns last month, when attention was 
drawn to Professor Niggli’s observation 
before the British Association that the extent 
and importance of sedimentary deposits 
could only be fully estimated by attempts 
to reconstruct the land and water distribution 
and the climatic factors which obtained at 
the time of their formation. At this juncture, 
therefore, it is possible to extend additional 
welcome to the recent bulletin of the Depart­
ment of Mines of British Columbia, to which 
our Vancouver correspondent makes 
extended reference elsewhere in this issue, 
and to congratulate those collaborating in 
its preparation on the issue of an exceedingly 
useful document. This bulletin contains, 
in addition to the most recen t, reports of 
resident engineers on placer activities in 
their respective districts, a special report by 
the provincial mineralogist on the Rainbow 
Creek discoveries, in the Omineca Division, 
and a review of placer possibilities in the 
lands of the Pacific Great Eastern Railway,

by Dr. R. A. Brock, who was appointed in 
1929 to head the commission investigating 
the mineral resources of these reserved areas, 
in connexion with the general survey of 
resources, under the joint auspices of the 
Canadian Pacific and Canadian National 
Railways and the Provincial Government.

Turning to the bulletin itself, opportunities 
in the Atlin division are considered by 
Dr. J. T. Mandy, who says that, with the 
increased interest in prospecting and the 
sounder mining and exploration methods 
which are being introduced, the Atlin section 
promises a substantially increased placer- 
gold production. He points out that the 
operations of the “ old-timers ” were 
necessarily confined to the shallow and rich 
creek ground which was amenable to the 
crude mining methods then available and 
under the conditions then prevailing and 
which were easiest of access. Activity in 
recent years has covered drifting and 
hydraulicking operations in the bench and 
deeper grounds in known areas, together 
with the retreatment of old tailing, but no 
serious consideration has yet been given to 
likely new sections and the latent possibilities 
in ground already worked. In the Stikine 
and Liard divisions also there is virgin 
ground awaiting investigation, as, for 
example, the lava-buried gravels occurring 
along the banks of the Stikine River, in the 
region around Telegraph Creek, while some 
of the depression and trough areas on the 
east side of Dease Lake do not appear to 
have been examined. Dr. Brock’s report 
covers much of the Cariboo division, where 
in the East block he considers that known or 
probable channels should contain much 
valuable gravel, although the ground requires 
intensive geological study, followed by 
geophysical testing to determine old channels, 
a task which he feels might well be under­
taken by the Geological Survey and the 
Provincial Department of Mines. In the 
West Cariboo and West Lillooet blocks 
he reminds us that it was the gold-bearing 
bars and benches of the Fraser River which 
lured the early miners to the Cariboo, 
$1,700,000 being recovered during the years 
1857 to 1859. Dr. Brock expresses the 
view that research work on the recovery of 
fine gold might well be of considerable 
importance, as the amount of such metal 
is very large in these areas. The report 
of Mr. P. B. Freeland on the Similkameen 
tells a similar story, as many old channels 
in this district which are overlain by glacial 
debris have never been thoroughly tested.
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Finally, in a special report on the Rainbow 
Creek area, Nation River section, the 
provincial mineralogist, Mr. J. D. Galloway, 
expresses the belief . . . that there is an 
opportunity for the consolidation of leases 
along Rainbow Creek and the testing of the 
gravels by Keystone drilling.

All the work outlined in the bulletin 
emphasizes the improved conditions which 
exist for placer mining at the present day, 
bearing in mind the reduction of costs 
brought about by the building of railways 
and good motor roads. These improved 
transport facilities permit of the introduction 
of heavy modern machinery to the areas and 
the rapid import of necessities. In addition, 
the importance of methodical and sound 
methods of exploration are stressed in all the 
reports and, in the Atlin division at least, 
it is suggested that the co-operative intro­
duction of drainage tunnel systems would 
make possible the mining of deep ground not 
otherwise workable. The moral seems to be, 
as Dr. Brock says, that “ what was im­
possible to undertake in the old days may to­
day be feasible and profitable ”—if, of course, 
the gold is still wanted, as we hope and 
believe it is.

Fog and Fume
One of the main difficulties which have 

had to be faced by those in control of 
smelting operations is that created by the 
harmful effects of certain chimney effluents. 
The same is true, perhaps, with regard to 
the power station operator, although his 
troubles are probably not so serious. Never­
theless, the efficacious treatment of smelter 
fume will always be of importance and from 
time to time in the past attention has been 
directed in these columns to this and similar 
problems either in connexion with the 
erection of a new power house or the 
litigation, usually instigated by the agricul­
tural community, against certain offenders. 
The m atter again becomes a topical one in 
virtue of the findings of a committee 
appointed to inquire into the causes of the 
unhappy deaths which occurred in Belgium, 
in the valley of the Meuse, nearly a year ago.

It will be recalled that loss of life occurred 
over a comparatively wide area of the 
industrial outskirts of Liege during a period 
when a dense fog persisted in the valley for 
several days. All sorts of theories, many 
of them fantastic, were advanced to explain 
this rapid increase in mortality, although 
thinking people who were conversant with 
the nature of the industries in those parts

had already made up their minds as to the 
probable cause. The commission of experts 
appointed to conduct the judicial inquiry 
into this m atter and which for nearly a year 
has been examining the evidence has now 
issued a report which substantially confirms 
the opinions previously held. The death 
of 60 persons in the district of Engis is 
attributed to the presence of sulphurous 
acid gas in the fog. The gas was emitted from 
factory chimneys and owing to the low 
temperature and the absence of wind it had 
been converted into sulphuric acid. In this 
district, where most of the fatalities occurred, 
are collieries, iron and steel works, lead and 
zinc foundries, and many process industries, 
so that the charge of atmospheric pollution 
has not been laid against any particular 
industry, but is of a wider nature. The 
problem resolves itself, in fact, into 
preventing the emission of any sulphur- 
bearing gas from any chimney. In this 
particular case the works are in future to 
be equipped in such a manner that such 
emissions will be impossible, while, since 
the static air conditions associated with fog 
are the prime cause of the concentration of 
deleterious fumes, special precautions are to 
be taken to slow down work altogether when 
fog is prevalent. It is probable, however, 
that if steps are taken to prevent the evasion 
of the clause compelling the installation of 
modern apparatus for the recovery of noxious 
gases the second drastic step might not really 
be necessary. Legislation of this character 
only serves to emphasize the importance of 
the adequate control of furnace effluents, 
since it may mean under certain conditions 
discontinuity of operation for the metal­
lurgist or process engineer in charge.

When this problem was dealt with on a 
previous occasion attention was directed to 
a number of remedies or means of cleaning 
flue gases in order to render them not only 
innocuous to human life but also to 
vegetation. The difficulty is by no means 
insuperable and has, indeed, been virtually 
overcome in many instances. It is doubtful 
whether the most modern practice can be 
proof against a combination of unusual 
circumstances, such as might arise during 
a dense fog in valleys densely populated 
and in which there are numerous smoke 
stacks. It is obvious, however, that there is 
ample scope for research in order to discover 
more efficient methods of cleaning chimney 
effluents, if health authorities are to be 
satisfied and the farmers’ crops preserved 
from insidious attack. Indeed, it is self- 
preservation against the smoke farmer.
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Introduction.—As was expected, the 

appeal to the country gave the National 
Government the mandate it desired, although 
the size of its majority must have exceeded 
the hopes of even its most sanguine supporter. 
With political instability ruled out from the 
factors disturbing trade conditions in this 
country, there is a corresponding amount of 
additional confidence, but it seems to be 
recognized that the road back to prosperous 
conditions will not be a short one. Metal 
prices show an improvement, but it is reported 
that no agreement has been reached as to 
the regulation of copper production.

Transvaal.—The output of gold on the 
Rand for October was 900,353 oz. and in 
outside districts 44,760 oz., making a total 
of 945,113 oz., as compared with 916,024 oz. 
in September, constituting a new record. 
The number of natives employed on the 
gold mines at the end of the month totalled 
208,987, as compared with 209,424 at the 
end of September.

The report of Glynn’s Lydenburg, Ltd., 
for the year ended July 31 last shows a 
sound stoping position at the mines, the ore 
reserves at 316,330 tons, assaying 8'7 dwt. 
over 21'4 in., showing little change. The 
tonnage milled during the year was 74,500, 
yielding 26,301 oz. of gold, worth £111,529, 
the revenue from silver recovered increasing 
the total to £111,625. The working costs 
were £109,097 and the working profit 
£2,528. Although the revenue per ton 
milled at 30s. shows an increase of Is. l id .  
per ton, working costs have risen by 3s. 2d. 
to 29s. 4d., this being mainly due to re­
organization underground and to the decline 
in the production of easily worked oxidized 
ore.

The report of Daggafontein Mines, Ltd., 
for the three months ended September 30 
shows that the Rand Selection Corporation 
has exercised its right in respect of 8,801 
of the 55,000 shares under option at 45s. 
per share. During the period No. 3 shaft 
was sunk 417 ft., carrying it down to 
4,044 ft., the reef having been intersected 
at 3,878 ft. The main station has now been 
cut and the conveyor cross-cut started and 
it is expected that the shaft will be completed 
this month. The erection of the reduction 
plant is said to be proceeding steadily, every 
effort being made to commence production 
early in 1932.

During the three months to September 30 
improvements have been made in the posi­
tion of the mines of the Johannesburg

Consolidated group. On the New State 
Areas the payable percentage of reef sampled 
rose from 36 | to 43 and the inch-dwt. to 
516 from 450. At the Government Areas 
the pay percentage was better at 64, while 
the values at the Van Ryn Deep had increased 
to 302 inch-dwt.

The accounts of the Ferreira Estate for 
the year ended July 31 last show that after 
the repayment of 4s. per share made in 
January, when the capital was reduced from 
£192,765 to £154,212, the cash assets of the 
company are estimated at £47,667. The 
expenditure still to be incurred in connexion 
with the establishment of Selby Township 
is estimated at £35,000.

The report of the Transvaal Exploring 
Land and Minerals for the year ended 
June 30 shows that no sales of farm land 
have been made during the period. Work 
on the Kobolando prospect in Swaziland 
was continued during the year, but values 
proving too erratic it has been decided to try 
to lease the area on tribute, the prospecting 
expenses being written off.

The work of the Rooiberg Minerals 
Development Company during the year 
ended June 30 shows a loss of £5,891 and 
other expenditure totalled £5,569, reducing 
the available balance to £3,150. After the 
suspension of mining and milling operations 
in May last it was hoped tha t the new alluvial 
plant would produce sufficient revenue to 
maintain everything in good order and, 
although it was feared at one time that this 
might be impossible, recent results have 
shown considerable improvement and the 
alluvial plant is still running.

The output of coal from W itbank Colliery 
for the year ended August 31 was 
760,670 tons, a decrease of 73,028 tons when 
compared with the previous twelvemonth, 
although decreases in working costs were 
such that the profit improved by £2,283 to 
£53,957. Approximately 75% of the output 
is now drawn from the southern section, 
development on both sections continuing 
to be satisfactory. Dividends paid during 
the year amounted to £34,455, equal to 10%.

The uncertainties of the general business 
situation have forced the Union Corporation 
to postpone the payment of a dividend until 
the end of the year, although it is stated 
that profits would permit of an interim 
distribution. The corporation has acquired 
an important interest in Grootvlei Pro­
prietary Mines and accepted two seats 
on the board of that company, which has 

262



NOVEMBER, 1931 263

now been granted a mining lease covering 
2,553 claims. Prospecting of the property 
will, in the first instance, be carried out from 
the workings of the East Geduld mines. 
At a meeting of the Grootvlei company to 
be held at Johannesburg next month it 
will be proposed that the directors be given 
power to increase the capital to ¿2,500,000.

Diamonds. — Conferences of repre­
sentatives of the diamond industry were 
held in Brussels last month to consider means 
of improving the present situation. It was 
confirmed that the Diamond Corporation will 
in future sell diamonds on a gold basis.

Southern Rhodesia.—The decision of 
the two Rhodesias to follow the example of 
this country in leaving the gold standard 
is bound to affect favourably the mining 
industry in those colonies. The output of 
gold from Southern Rhodesia during 
September was 42,846 oz., as compared with 
43,292 oz. for the previous month and 
46,151 oz. in September, 1930. Other out­
puts for September were : Silver, 6,423 oz. ; 
coal, 51,280 tons ; chrome ore, 6,854 tons ; 
asbestos, 1,283 tons ; mica, 2 tons.

The report of the Cam and Motor Gold 
Mining Company for the year ended June 30 
last shows that the ore reserves have been 
well maintained at 878,000 tons, although 
the value has dropped from 50'8s. to 48'Is. 
per ton. The ore milled during the period 
was 292,000 tons, the total revenue being 
¿540,219 and the gross working profit 
¿218,612. Dividends paid during the year 
absorbed ¿131,250, equal to 17'5%, and, 
after making allowances for depreciation, 
reserve, and other items, there remained a 
sum of ¿4,461 to be carried forward.

During the year to June 30 last 182,651 
tons of ore was crushed at the Wanderer 
mine, producing 45,283 oz. of gold, worth 
¿191,113. Working costs amounted to 
¿127,480 and the working proht to ¿63,633. 
Available ore reserves at the end of the year 
were estimated to be 225,000 tons, while 
a further 275,000 tons are considered to be 
indicated. Stoping has now been started at 
the Ashton mine on a small scale, the two 
mines being connected at the end of July.

The accounts of the Gold Fields Rhodesian 
Development Company for the year ended 
May 31 last show a profit of ¿7,181, which, 
added to the balance of ¿71,784 brought in, 
gives an available total of ¿78,965. After 
making various small allowances, the sum of 
¿150,187 has been written off investments 
and loans, leaving a debit balance of ¿72,833 
to be carried forward. The loss has been

caused primarily by the closing down of the 
Mayfair mine.

Northern Rhodesia.—Shareholders of 
Roan Antelope Copper Mines were informed 
last month that the smelter had been success­
fully blown in, the first rail consignment of 
blister copper being loaded on October 22.

Nigeria.—The report of Naraguta Durumi 
Areas for the year ended March 31 last 
shows a loss of ¿2,423, although Nigerian 
expenses had been reduced to ¿71 9s. 7d. 
per ton, the fall in revenue amounting to 
¿41 3s. 4d. per ton. The output for the year 
was 136J tons, as compared with 181| tons 
during the previous 14 months.

During the year ended March 31 last 
the accounts of the Yarde Kerri Group Tin 
Mines show a net loss of ¿70, increasing the 
debit balance brought in to ¿794. The output 
was 149 tons of concentrates, which realized 
¿84 per ton, against ¿131 the previous year. 
Although reduced expenses enabled the 
mine to show a working profit this was 
insufficient to meet debenture interest. The 
tonnage of tin proved at the end of the year 
is given as 1,354.

Australia.—A circular to shareholders 
of the Wiluna Gold Corporation issued last 
month shows that 25,292 tons of ore was 
treated during September, the bullion yield 
being ¿32,487, or ¿41,988 including the 
exchange premium. The estimated working 
surplus for the month was ¿10,454.

Burma.—During the year to June 30 last 
the work of the Consolidated Tin Mines of 
Burma resulted in a loss of ¿15,737, there 
being a debit balance of ¿17,061 to carry 
forward. The output was 1,556 tons of 
concentrates, as compared with 1,366 tons 
in the previous year, but the price realized 
per ton fell from ¿103 to ¿64, while working 
costs fell from ¿100 to ¿75 per ton. Certain 
parts of the plant have been allowed to 
remain idle, but all is stated to be in a con­
dition to resume work when required.

Malaya.—The report of Ayer Hitam Tin 
Dredging for the year ended June 30 shows 
the work of the dredge to have been 
suspended for two months in 1930, while 
since March 1 last the output has been 
restricted under the international quota 
scheme. The profit for the year was ¿28,942, 
from which dividends amounting to ¿13,500 
have been paid. After writing ¿9,767 off 
property account there remains a balance 
of ¿5,960 to be carried forward. The 
output for the year was 970 tons of con­
centrates, which realized ¿73,330, working 
costs being ¿28,305.
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During the year ended September 30, 
1930, the output of Temengor Tin was 
111 tons of concentrates, the year’s operations 
being conducted at a loss of ¿12,725. Accom­
panying the report is a letter from Messrs. 
Osborne and Chappel in which they state 
that the sampling of the dumps does not 
in their opinion justify the erection of a mill. 
A letter from Mr. Frank Nicholls expresses 
an opposite opinion from that given in 
the original report of Messrs. Osborne and 
Chappel mentioned in the M a g a z in e  in 
August, 1930, and states that recent 
operations have shown that the mine could 
be worked at a profit with tin metal at a 
price considerably below the figure of ¿260 
mentioned a t that time. At an extra­
ordinary meeting held following the annual 
meeting last month, when it was proposed 
that the company should go into voluntary 
liquidation, shareholders negatived the 
resolution, and the board has tendered its 
resignation.

Kampar Malaya Tin Dredging for the 
year ended April 30 last made a net profit 
of ¿22,741. A dividend of 3f%  absorbed 
¿6,761 and after placing ¿10,000 to reserve 
there was a balance of ¿4,353 to be carried 
forward. Ground dredged during the year 
was 32 acres, the yardage treated being
2,047,000 and the concentrates recovered 
715 tons. The reduction of working costs 
from 3'78d. per cu. yd. to 2'83d. forms a 
satisfactory feature of the report.

The report of Temoh Tin Dredging for the 
year to June 30 last shows a net profit of 
¿4,656, which, added to the amount brought 
in, gave an available total of ¿13,164. From 
this ¿3,937 has been distributed as dividend, 
equal to 9d. per share, the balance of ¿9,227 
being carried forward. The dredge treated 
669,950 cu. yd. in the 1\ months of running 
time, yielding 353 tons of concentrates. 
It was closed down at the end of the period 
under review, the directors considering it 
inadvisable to resume working under the 
present restriction scheme.

The accounts of K inta Kellas Tin Dredging 
for the year ended March 31 show a profit 
of ¿7,683, increasing the amount brought in 
to ¿13,206. A dividend pf 3 |%  absorbed 
¿3,937, while ¿8,626 was appropriated for 
depreciation, leaving ¿643 to be carried 
forward. Treating 1,525,100 cu. yd. of 
ground during the year, the company 
produced 440 tons of concentrates, equal 
to 0'646 lb. per cu. yd.

In May last attention was directed in the 
M a g a z in e  to the claim of Pahang Con­

solidated for exemption from the tin restric­
tion scheme, or, alternatively, for compensa­
tion from the State of Pahang. These claims 
have now been rejected in the local court. 
The company announces the passing of its 
final dividend on the ordinary shares.

Korea.—Shareholders of the Chosen Cor­
poration have been informed that under­
ground developments in No. 14 level east 
of the Great Nurupi mine continue to show 
improvement. Beyond the fault on this level 
an ore-body is being developed which shows 
an average grade of 5-5 dwt. over a width of 
180 in.

Mexico.—It has been announced that an 
agreement has been made with the Mexican 
Federal Labour Department whereby the 
San Francisco Mines of Mexico will suspend 
production at the end of December. Arrange­
ments are being made to maintain the mine 
and mill in good order.

Spain.—Shareholders of San Finx Tin 
Mines have been informed that efforts to 
raise further capital have been unsuccessful. 
I t  has, therefore, been decided to issue 
¿10,000 of 10% debenture stock, which will 
also receive one-half of the net profits and 
will be repayable on December 31, 1941. 
Operations at the mine have been confined 
since April last to a one-shift programme.

Yugoslavia.—An initial payment of 5%, 
equal to 3d. per share, has been made by 
Trepca Mines. The report for the three 
months ended September 30 shows that 
72,204 tons of ore was treated, the recovery 
being 10,503 tons of lead concentrates and 
10,088 tons of zinc concentrates. The 
recovery of lead was estimated at 96'37% 
and of zinc at 85'49%. The surplus over 
working expenditure was ¿45,540.

Platinum .—Elsewhere in this issue we 
record the formation of a company which 
will regulate the supply and sale of platinum. 
I t  is hoped that this company, through its 
understanding of market conditions and its 
efforts to promote the use of the metal, will 
be able to effect stability within the industry.

Tin.—The total visible supplies of tin at 
the end of October were estimated at 
57,777 tons, as compared with 56,528 tons 
at the end of the previous month. A com­
muniqué issued by the International Com­
mittee last month showed the holdings of the 
Tin Pool to amount to 12,250 tons, all of 
this appearing in “ visible supplies.” I t  has 
been announced this month that the Govern­
ment of Malaya intends to purchase 3,500 
tons of tin, the excess production of that 
country to the end of September.



TH E LUPA RIVER GOLDFIELD
By D. R. G R A N T H A M , Ph.D., A.R.S.M., A.I.M.M.

In this arlicle, which is a precis of a bulletin to be published by the Tanganyika Geological Survey D epartm ent, the author 
describes the geology of this goldfield in south-w est Tanganyika T errito ry .

I n t r o d u c t io n .—The Lupa River goldfield 
lies some 80 miles to the north-west of the 
head of Lake Nyasa, the river being tributary 
to Lake Rukwa, and not far from Mbeya, an 
administrative centre, with an aerodrome 
and wireless station on the England to Cape­
town route. As at present known, the field is 
about 40 miles long, in a north-westerly 
direction, and 20 miles wide. It lies in an 
almost uninhabited area, although there is 
native population on every side, and labour 
for the field is drawn from the surrounding 
country, some from near by, some from a 
distance. Of the rivers only the Sira is 
permanent, the others being seasonal, 
although the Lupa and the Luika contain 
water in pools throughout the year. There 
are also many permanent water-holes.

Usually there are from 50 to 200 diggers 
on the field, the number varying with the 
season and the current rumours as to the 
richness of the strikes. A hard worker makes 
a good living ; others who are not make 
enough to live on. All the alluvial gold so 
far found has been very patchy, the rivers 
being rocky and with no large alluvial flats 
along them. Sufficient volume of ground has 
not been found for company workings except 
along the lower Sira, although gravels or old 
river banks form attractive claims for single 
workers or small syndicates. The output for 
1930 was ¿32,721.

So far no reefs have been mined, but very 
extensive trenching has been done on some 
(e.g. in the Saza area, trenches every 25 feet 
for over a mile) and a few prospecting 
shafts have been put down. It appears that 
some of the reefs will repay mining and it 
is hoped that the near future may see some 
activity in that direction.

The area was first examined by the 
Geological Survey Department in 1927 and a 
short paper was published the following year. 
Some preliminary observations were made 
in the M a g a z in e  1 in 1928. Further work was 
done in 1929 and 1930, and a bulletin is now 
in the press, topographical and geological 
maps being available on the 1 : 50,000 scale.

H is t o r y  o f  t h e  A r e a  a n d  t h e  D is t r i b u ­
t io n  o f  t h e  G o l d .—In 1922 three traders at

1 T an gany ika  T errito ry , its  Geology and M ineral 
Resources, E . O. Teale, T h e  M i n i n g  M a g a z i n e , 
Aug., 1928.

Ruiwa were not doing well and one of 
them, William Cummins, wandered off to 
look for gold on the Lupa, having heard that 
a German, Von Art, had reported gold from 
the Songwe River. At Manandengi’s, having 
gone to the river to shoot a buffalo tha t had 
been worrying native women drawing water, 
he panned some sand in a dixie lid and found 
a yellow metallic grain. After satisfying 
himself that it was malleable by bending it 
with the rim of a cartridge, he decided that 
he must have found gold at last. Next day 
he started downstream and later found “ fine ” 
gold in fair amount in the river at “ Golden 
Bend ” just below the present Lupa market. 
Next year saw about eight diggers working 
there, practically without tools of any kind. 
The first working outfit was brought to the 
river by Esterman in 1924. “ Rice ” gold was 
found opposite the market and heavier gold 
higher up. By the end of 1924 workings had 
spread to the Sira River and thence to the 
Ngwaziba, and H. G. Jones had found the 
Kasanga. In 1925 the Lupa was supposed to 
be “ worked out ” and diggers explored the 
smaller streams. Gold was found in the 
Mawoga River in 1926, but was not worked 
there extensively till two years later. In 
1926 Jones found the area round Itewe where, 
in the next two years, thousands of ounces 
of gold were taken from a few tiny streams, 
only one or two feet wide, and within a few 
hundred yards of their source. In the wet 
season 1929-30 a similar area, not so 
phenomenally rich but more consistent, was 
found on the headwaters of the Itete River. 
The record nuggets, as far as the writer is 
aware, were found one in 1927 near the old 
Kasanga police camp, weighing 125 oz. gold- 
quartz, which yielded 75 oz. of gold, and the 
other in 1930, near the top of the Ipogolo 
River, weighing 92 oz.

Up to the end of 1930 gold had been found 
in nearly every stream of the area, although 
in many the quantity is negligible. In fact 
so wide is the distribution that it is remark­
able how the area was missed for so long ; 
almost every pan, taken from a favourable 
spot, producing at least a “ colour.” The 
Sira has yielded good values over much of its 
length, as have also parts of its tributaries. 
The Lupa itself has seldom produced any­
thing spectacular, although there is perhaps
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hardly a quarter of a mile of it, from a little 
above the falls to the highest camp, nearly 
twenty miles in all, tha t has not furnished a 
good living for a hard worker (or would not 
have done so before it was picked over), and 
there still remain many places which will 
yield good profits, but require one or two 
months’ hard work spent on the removal of 
overburden. Practically all the tributaries 
on the east have yielded heavy gold locally, 
and some have produced considerable 
amounts ; from the tributaries on the west far 
less has been won.

The Manyanya River has yielded little 
except from its most easterly tributaries. 
The Chipoka River has been worked at 
intervals along its course, but the best areas 
were a little above and below its confluence 
with the Makongolosi, which was also good 
for two miles above this point. Gold has 
been found at intervals along the Mawoga; 
special reference must be made to the rich 
area all around the “ spessartite ” hill, and 
to its sources under the south side of Maperi 
Hill where it is eating into the old “ mbuga ” 
level.

Finally one small area, near the Luika 
path, 2 \  miles west of the Mawoga, calls for 
mention, as there, in 1930, on the banks of a 
very tiny stream, actually at grass roots and 
lying on solid epidotized gneiss, gold in

angular pieces up to half-ounce (one 17 dwt.) 
was being scraped up and separated by dry 
blowing.

T o p o g r a p h y  a n d  T e c t o n ic s .—The Lupa 
goldfield and its surroundings may be divided 
into three strikingly distinct areas : First, 
the vast peneplain to the north and west, 
dotted with island-like hills or mountains 
(inselbergs), among which the upper Lupa 
gently flows to the top edge of the second 
area, the belt of broken, exceedingly rough, 
complex, deeply dissected country through 
which the river leaps and roars over cataracts

finally plunging over falls on to the third 
area, the silted ancient bed of the once 
extensive Rukwa Lake, where, joined by the 
Sira and later the Songwe, it meanders on 
till it is lost in the brackish waters of the 
present diminished Rukwa.

This last area is separated from the middle 
one by the lowest visible step of the faults 
producing the Rukwa branch of the western 
great rift valley. This fault is seen as a 
nearly straight rock wall, 200 ft. or more in 
height, rising sheer from the old lake bed, 
over which every river makes a waterfall. 
I t is the most remarkable feature, at once 
topographic and tectonic, of the region, and 
one of the most important in Africa. It 
differs from most of the rift walls in that the 
actual fault face is visible, almost
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continuously in parts and frequently else­
where, for a hundred miles. This is due to its 
preservation from erosion under the waters 
of the ancient deep Lake Rukwa. For miles 
at a time the fault wall is perfectly straight ; 
its direction varying from 118° to 146° (true 
/bearings), neglecting those short stretches 
where the scarp is abruptly bent. It dips to 
the south-west at 60° to 45°.

Although outside the scope of the present 
paper a fourth topographic division must per­
force be mentioned, as no description could 
be complete without reference to that most 
magnificent feature flanking the goldfield to

the south and south-east, the Mbeya range, 
towering alike above rift and plateau. In the 
centre its plateau-top is surmounted by still 
loftier peaks ; to the north-west its knife- 
edge nose pokes far out into the trough of the 
rift. Its structure is still an unsolved riddle.

Returning to the three main topographic 
divisions of the goldfield, this paper is con­
cerned almost entirely with the middle one, 
because the known gold belt lies mainly in 
this zone and because only here are there 
plentiful exposures. The key words are 
“ rejuvenation ” and “ tectonic control.” 
The area abounds in examples which are 
alike the joy of the geomorphologist and the 
despair of the topographer. Almost every 
valley follows a line of strike or of shear or 
a fault, even the smallest tributaries, a fact

which is strangely invisible in the field, only 
detailed mapping revealing it. The com­
plexity of the topography and the depth 
of the rejuvenation dissection gradually 
diminishes from south-east to north-west. 
The Sira is incised 1,000 ft., whereas the 
Luika shows no incision except the usual 
short post-Pleistocene rejuvenation due to 
the desiccation of Lake Rukwa. The cause of 
this differential erosion appears to lie in a 
tilting of the ancient plateau.

Evidences of an ancient high level of Lake 
Rukwa are to be found in the terrace and 
numerous flats along the top edge of the

scarp and in lake beds piled up against the 
fault face, mainly around the present rivers, 
which have now cut through their old deltas. 
The highest of these beds is approximately 
600 ft. above the present surface of the lake.

The fact that the Sira River runs close 
against the foot of the scarp, except where 
pushed away from it by the banks of sedi­
ment dropped by each of the old rivers on 
meeting the still water of the lake when at 
its highest level, indicates one of two things : 
Either, that the floor of the lake has been 
tilted in towards the scarp, or, that the floor 
of the rift is tilted so that the lake beds are 
thicker on the one side and have therefore 
on consolidation sunk differentially. The 
rejuvenation of the rivers due to  the final 
desiccation of Lake Rukwa, presumably

T h e  L u p a  F a l l s  : V i e w  o f  t h e  R u k w a  R i f t  V a l l e y  F a u l t  F a c e .
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post-Pleistocene in age, has been remarkably 
slight. The bases of the Lupa and Sira show 
nothing definite, as there had been very 
considerable erosion there previously. All 
the other rivers show a very steep notch that 
does not extend more than a mile up their 
courses from the usual waterfall. In several 
cases the waterfalls are in part converted 
into narrow precipitous gorges by the more 
rapid differential erosion of a dolerite dyke.

G e o l o g y .—(a) General Summary.—T o  un­
ravel completely the tangled skein of Lupa 
geology, from the unknown primeval, through 
cycles of deposition, intrusion and extrusion, 
metamorphism, and tectonic disturbances, 
infinite patience and almost unlimited time 
would be required. By three seasons’ work a 
few salient features of the sequence of events 
have been extracted and may be summarized 
in the following stages :

1. Earliest stages unknown.
2. Igneous rocks, mainly dioritic, now 

represented by granulites, usually pyroxene 
bearing, often with hypersthene. Associated 
with these are the banded ironstones. Trend, 
perhaps, N.E.

3. Intrusions of dolerite and outflows of 
basalt.

4. Foliation and lit-par-lit intrusion of the 
main granitic gneiss. Trend E.S.E.

5. Shearing, S.E.
6. Probable intrusion of some of the older 

dolerites.
7. Extrusion of the Malwelo rhyolitic and 

trachytic series, intrusion of their hypabyssal 
associates, and perhaps the extrusion of basic 
lavas and ashes now represented by chlorite 
schist. Carbonation of all of these and other 
rocks then at surface.

8. Either as a facies of the above, or later, 
the Ilunga felsitic series. Trend E.S.E.

9. Intrusion and foliation of the gneissose 
microcline granite. Trend N.E.

10. Intrusion of the older dolerites.
11. Intrusion of the Ilunga granite into 

a steep anticline of the Ilunga felsitics and 
elsewhere. Trend E.

12. Intrusion of the Saza granite with its 
peripheral diorites and “ spessartites.” Trend 
S.E.

13. Intrusion of the younger dolerites 
including (13a) Quartz-dolerites. Trend S. 
and S.E.

14. Intrusion of olivine-dolerites. Trend 
(chiefly) N.E. and S.E.

15. Long stage of peneplanation.
16. Rift valley tectonic disturbances with 

extrusion of the Tertiary alkaline lavas and 
deposition of the lake beds.

Evidence required for assigning ages to 
the various stages is almost entirely lacking. 
Nos. 1-9 are probably pre-Cambrian. Some­
where between Nos. 9 and 14, probably 
between 12 and 13a comes a period of erosion 
and deposition starting with the Kwimba 
conglomerate (which is chiefly composed of 
pebbles of metamorphosed Ilunga felsitics) 
and continuing up through the Mwendo sand­
stones which form high hills and cover an 
extensive area to the north of the goldfield. 
These are very probably Waterberg in age.

K w i m b a  : 1 ,0 0 0  f t . f a c e  o f  C o n g l o m e r a t e ,
P R O B A B L Y  O F  W A T E R B E R G  A G E .

No. 13a may be Karoo ; 16 is Tertiary and 
recent.

The compressions may be summarized as 
having produced first a N.E. strike (poorly 
preserved), then the most prevalent E.S.E. 
foliation, followed by the S.E. sheer, then by 
a strong N.E. foliation, followed by a milder 
one E.S.E. or S.E.

(b) Notes on Individual Formations.—
(1) Granulites and Associated Rocks.— 
Scattered irregularly throughout the area 
are outcrops of granulitic rocks of medium 
grain, frequently of speckled, dark green and 
white, dioritic aspect, usually well foliated. 
In the field they appear to contain mainly 
hornblende but, although this is usually
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present, the predominent ferro-magnesian 
mineral is (or was) pyroxene. Other speci­
mens, brown or grey in colour, sometimes 
exhibiting bronzitic schiller in some grains, 
are hypersthene-bearing, ranging to hypers- 
thenites. Associated with the granulites 
are found picrites and peridotes, now almost 
completely changed to serpentine and talc. 
These may be hard dark rocks showing 
bastite and only soapy after bruising, or may 
be pale grey, soft rocks passing into talc 
schist. No large areas of these have been 
found.

The tendency of the granulites to be found 
on the tops of the highest hills is noticeable. 
Some are phenomenally tough. These rocks 
must have been of considerable extent 
originally, not only because of their wide 
distribution, but because of the considerable 
portion incorporated in the mixed gneisses, 
in particular around the lower Lupa.

(2) Ironstones.—Under this convenient 
term come a series of rocks of unusual 
character, which should properly be called 
quartz-magnetite-, or quartz-magnetite- 
amphibole-schists, granulites, or gneisses 
according to structure. They tend to merge 
by variation in the relative amounts of the 
different constituents into quartzite, 
magnetite rock, or pyroxene granulite, but 
always retain a characteristic appearance. 
Formerly imagined to be of sedimentary 
origin, by analogy with banded ironstones, 
itabirites, etc., they are similar in general 
appearance to the banded ironstones of 
Rhodesia, which are considered to be of 
sedimentary origin, but they differ in various 
ways. An open mind must be preserved at 
present as to the origin of these Lupa iron­
stones. Their field occurrence is erratic in 
the extreme, small patches of rubble being 
the most common, while thick beds, forming 
hundreds of feet of a hill, are capped by small 
areas of granulite or mixed granulite and 
gneiss. This latter type is well seen in many 
of the higher hills near the lower Lupa. There 
is a remarkably constant association of small 
amounts of pale grey talc rocks with the 
ironstones. The ironstones may be a hydro- 
thermally altered form of granulite. On the 
other hand, they may be granulitized sedi­
ments that were associated with the igneous 
rocks now represented by the granulites. 
This question is all the more important as 
ironstones, itabirites, etc., from West Africa, 
Brazil, and Rhodesia are auriferous.

(3) Basic Gneiss.—This was largely 
doleritic in origin, perhaps in part basaltic.

No large body of this rock has been found 
unmixed with later intrusions, but large 
amounts are incorporated in the composite 
gneiss, especially in the Mawoga-Luika 
area.

(4) Granitic Gneiss.—Excluding the out­
crops of the three later granites, the granitic 
gneiss covers more than three-quarters of the 
remaining area. Whether it may be con­
sidered a single type, or, if not, what are the 
characteristics of its components, has not 
been determined ; it cannot have been 
intruded as a mass for it is typically a lit-par- 
lit injection and incorporation of the basic 
gneiss, the granulites and whatever else may 
have been there. Foliation (excluding 
shearing) was probably more of an injection- 
incorporation effect than of a later impressed 
characteristic. Few areas are even relatively 
free from contamination. When clean the 
granitic gneiss is a white rock of medium, 
granular, uniform grain, showing very pro­
nounced foliation, and appearing to be a very 
acid type.

(5) Malwelo Rhyolitic and Trachytic Series, 
and the Carbonate Rocks.—For convenience 
various rocks found in small, widely-scattered 
exposures have been grouped together. The 
main types include : Rhyolitic rocks, very 
pale grey or white in colour, stony to finely 
granular in texture, with occasional small 
idiomorphic quartz and felspar ; trachyitic 
rocks, some with good flow structure and 
phenocrysts ; microsyenites and quartz- 
porphyries. Very many of these, clearly 
volcanic or hypabyssal in origin, contain 
carbonates, usually siderite. Others, clearly 
basic volcanic or dyke rocks, are a mass of 
carbonate and chlorite, and their weathering 
to a soft mass of limonite suggests original 
siderite. Some of these rocks bear a strong 
resemblance to some in the Gold Coast 
associated with manganese deposits.

(6) llunga Felsitic Series.—In the centre 
of the llunga range occur rocks not too 
highly altered to be recognized as rhyolitic 
lava flows, felsitic rocks, and coarse felspathic 
ashes. The prevailing colour is pink, although 
some of the lavas are grey or pinkish grey. 
Most of this series are altered almost beyond 
recognition ; many are gneissose.

(7) Gneissose Microcline Granite.—This is a 
handsome rock varying from foliated porphy- 
ritic granite to augen gneiss. The microcline 
phenocrysts are pink in colour, often with a 
grey core and are set in a coarse matrix of 
milky quartz, greenish-white felspar, and 
dark green ferro-magnesian material. In
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many cases the foliation can only be seen by 
examination of variously orientated faces in 
order to find the disposition of the tabular 
phenocrysts. In other cases the phenocrysts 
have become augen set in a fine-grained, 
streaky, pink and grey base. The rock is 
usually contaminated having a grano-dioritic 
aspect.

(8) lliinga Granite.— This is a coarse rock, 
pink or greyish pink in colour, composed of 
equigranular perthitic microcline, quartz, and 
altered biotite. I t appears as if this granite 
filled in the centre of a steep anticline of 
which the northern limb is relatively intact 
(the main Ilinga range) whereas only relics

and apatite ; sphene is often conspicuous. 
The inclusions approximate in composition 
to quartz-oligoclase-hornblende-syenite and 
resemble marginal rocks which are presumed 
to be hybridized basic gneiss, presumably 
doleritic in origin.

(10) Diorites and “ Spessartites.”—These 
two rocks must be considered together, 
along with various hornblendic hybrids, for 
although the two types are in themselves 
quite distinct the gradation of one into the 
other is so complete that there is no dividing 
line. The diorites are medium-grained rocks, 
apparently fresh, with typical dioritic (two- 
colour) aspect. Some are' paler with

N e a r  M a w o g a  R i v e r  : G r u b b i n g  f o r  G o l d  a t  G r a s s  R o o t s .

of the southern limb remain (the southern 
sides of the outlying hills).

(9) Saza Granite.—This is the youngest 
granite of the area. It is normally a coarse 
hornblende granite, but is conspicuously 
variable in grain and composition. In the 
centre of the area it is very coarse, pink and 
white, has less hornblende, but has biotite, 
and occasionally pink phenocrysts. Near the 
margins it is finer, white and green, and is 
packed with dark inclusions which must 
form an appreciable proportion of its total 
volume. It is not foliated (except where 
sheared near the edge of the scarp), but lines 
of inclusions and their elongations show a 
south-east trend. Under the microscope 
oligoclase is seen slightly more in amount 
than microcline, with chlorite after biotite, 
hornblende, and a little epidote, magnetite,

abundant felspar and occasionally a little 
visible quartz, while some are dark with 
abundant hornblende. Both types may have 
darker fine-grained inclusions. Under the 
microscope considerable variations in pro­
portions of hornblende and felspar may be 
seen ; the felspar is usually altered but 
where fresh enough for determination is 
oligoclase ; quartz is invariably present ; 
chlorite after biotite, brown sphene, pyrite 
and apatite are common minor constituents. 
I t  will be seen therefore that there is a very 
close similarity to the inclusions in the 
granite and its marginal hybrids.

The “ Spessartite ” is of striking appear­
ance characterized by porphyritic dark green 
hornblende set in a pale greenish grey, 
medium- or fine-grained matrix. There is 
considerable variation in the size of the
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phenocrysts, though there is uniformity in 
any one specimen ; they range from 0-2 to 
1-0 in. In thin section the matrix is seen to 
he composed of equidimensional idiomorphic 
aluminous diopside (often margined by, or 
having internal zones of, green hornblende) 
with some green hornblende, plagioclase and 
quartz, sometimes also microcline ; the last 
two minerals are the last to crystallize and 
ophitically surround or poikilitically enclose 
other minerals. Pyrite is a constant minor 
constituent.1

Particular attention must be called to the 
location and distribution of these rocks. 
The peripheral arrangement with regard to 
the Saza granite is most striking, as for 
nearly a quarter of the elipse made by its 
outcrop it is margined by them, either in 
direct contact or slightly removed into the 
country rock. Close by, a whole hill is 
composed of a mixture of the two. Else­
where there are many dykes near the contact. 
Other occurrences are scattered between the 
main granite and those bodies presumed to 
be its offshoots.

An extensive area of diorite to the north 
of Itewe has not yet been mapped, although 
the specimens obtained from there appear 
identical with those from the Mawoga area. 
No hornblende granite has as yet been 
located there.

(11) Schists and Mylonites.—A few true 
schists may exist, but the majority of rocks 
previously considered schists are certainly 
mylonites, sheared members of the gneiss. 
One curious type of rock appears in hand 
specimen almost exactly like sheared sand­
stone with a hne-grained base. Bruised under 
the hammer it becomes soapy and it appears 
that this strange rock is an alteration of 
granitic gneiss, presumably by some form of 
mylonitization with hydrothermal action. 
This type builds small hills in the Saza area 
and elsewhere. It is of special interest as it 
is intruded upon by “ spessartite,” dolerite, 
and gold-quartz reefs.

(12) Ultra-Basic Rocks.—There are two 
large occurrences of these and some dykes. 
Their associations are not known ; they may 
or may not be related to the picrites found 
with the granulites. The Nsamya hills

1 T his rock falls in  th e  class of lam prophyres, 
be in g  a  dyke rock (also sm all bosses) w ith  p re­
d o m in a n t ferro-m agnesian m inerals, associated w ith  
a  g ran ite  mass. Being composed of hornblende, 
py ro x en e  and  plagioclase i t  falls in  th e  category  of 

spessartite  ”  though  differing from  th e  ty p e  rock. 
T h e  nam e is re ta in ed  in p aren thesis in  th e  absence 
o f  a b e tte r.

appear to be composed entirely of peridotite 
or picrite and allied rocks. A prevalent type 
is now mainly serpentine after medium- 
grained, granular, olivine with a fair amount 
of residual olivine cores, larger crystals of 
schillerized augite, some relics of felspar, rare 
grains of amphibole and green spinel. Apart 
from platinum and chromium, of which no 
trace has as yet been seen, there is the 
possibility of asbestos. The serpentinized 
peridotite is crossed by hydrothermal veins 
along which little stringers of asbestos are 
formed. These are chrysotile, but none have 
yet been found wider than a quarter of an 
inch, although search has been made and a 
few pits sunk by prospectors.

Another area which the writer has not yet 
examined lies to the east of Ilunga ; the only 
outcrops visited were of fresh troctolite and 
norite.

(13) Dolerites.—No attem pt has yet been 
made to classify the very numerous highly 
altered, uralized or metamorphosed dolerites 
throughout the region. In one small area 
near the lower Chipoka 95 dolerite dykes have 
been mapped in an area of 45 squ. miles and 
at least double that number must exist. 
An attem pt is being made to classify the 
relatively fresh varie ties; half a dozen 
types can be distinguished.

(14) Other dyke rocks.—(a) Hypersthene 
bearing: Some of these are hypersthene 
diorites, others are norites. The largest of 
these is a beautiful olivine-norite forming a 
dyke about one and a half miles long to the 
east of Punga. In the absence of any evidence 
it might be mentioned that this rock and 
those above noted of the second ultra-basic 
area are not dissimilar to rocks from the 
Great Dyke and the Bush veld, (b) Perknites : 
Near the Mawoga occur a number of dykes of 
coarsely-crystalline, dark, heavy rocks com­
posed of hornblende, either green or brown, 
secondary amphibole, schillerized augite, 
talc, chlorite, apatite, (c) Minettes : several 
of these have been found in the area surround­
ing the geissose microcline granite.

(15) Lake Beds.—These have not been 
studied in detail. Some 600 ft. of them must 
be exposed between the Lupa and Lake 
Rukwa, though not much more than 200 ft. 
are exposed in any one face. At least another 
600 ft. of them must lie under the present 
surface of Lake Rukwa. These beds are very 
pale in colour and fine in texture, some being 
loose and soft, some firm, and some hard 
enough to break under the hammer. Some 
of them are exceptionally light in weight.
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\ \  ith only one exception all have been found 
to be diatomaceous, over a dozen forms 
having been recognized. The beds contain a 
very high proportion of volcanic ash and 
some, particularly bands very near the top 
of the series, are composed almost entirely 
of fine angular sheds of volcanic glass. 
Occasional pebble beds alternate with the 
fine layers.

R e e f  G o l d  O c c u r r e n c e s .—There is a 
fairly well defined belt in which most of the 
reefs and much of the richer alluvial gold 
has been found. This lies along, and to the 
north of, a W.N.W. line drawn from Lock’s 
Reef to McHugh’s Reef on the Luika. The

probability, therefore, that the present 
accidental surface happens to be the only, 
or the richest, auriferous one, is remote.

The most prevalent type of reef is of quartz, 
white, blue, or ivory in colour, with sulphide 
mineralization, laminated structure being 
favourable. The quantity of pyrite is usually 
low, and of other sulphides (principally chalco- 
pyrite and galena) still less, although a reef 
near the Nsamya hills, one near the Kasisi 
river, and one above Nj ila contain considerable 
amounts of them. One reef being opened up 
near the Chipoka River is a type of iron­
stone, being composed of magnetite, quartz 
and amphibole (? cummingtonite). Some

T r e n c h  o n  S a z a  R e e f s , s h o w i n g  T u r n o v e r  a n d  R u b b l e .

reef occurrences are characterized by a system 
of quartz lenses “ en echelon,” though in 
some cases single lenses may be 1,000 ft. or 
more in length. In some, payable values run 
for several hundred feet and are followed by 
barren areas. When one lens “ cuts out ” 
it is usual that another “ makes ” a little to 
one side, but in the same fracture zone. 
There is every reason to believe that the 
state of affairs found on the surface will be 
repeated in depth. This view is based mainly 
on two facts : First, that the quartz reefs 
are not confined to any one level of the 
present surface, they are found on hills and 
in valleys differing in level by 1,500 ft. or 
more ; secondly, that the present surface 
is but an accident of time and erosion ; had 
man lived an age earlier or later he would 
have found a higher or lower surface. The

parts of a long reef two miles north of Isanga 
are highly ferruginous and may represent an 
intermediate type. As weathering is shallow 
and most of the lodes are not heavily charged 
with sulphides or manganese it is not 
considered that secondary enrichment has 
played any important role.

Notes on Individual Reefs.—No useful 
purpose will be served by descriptions of the 
very numerous reefs that have been pegged. 
The big majority are in granitic or basic 
gneiss, usually parts in each, with a tendency 
to increase in value in the basic rock. Many 
are definitely in shear lines or zones, the walls 
being mylonitized gneiss, of which the basic 
variety, probably partly leached by lode 
solutions, produces a rock having the 
appearance of a phyllite or an argillaceous 
schist. Where shearing has been less intense



274 THE MINING MAGAZINE

a “ greenstone schist ” results, composed of 
chlorite, altered felspars, etc. The easterly 
striking reefs are generally considered to have 
better values.

Lock’s reef, one of the earliest discoveries, 
is in an area of mixed rocks having partly an 
easterly or east-south-east foliation and 
partly a southerly shear-foliation. These 
rocks consist of granitic and aplitic gneisses 
with some basic gneiss and old dolerite. 
The reef strikes east-north-east and has a 
total exposed length (not necessarily

M c H u g h ’s  R e e f  o n  t h e  L u i k a  R i v e r .

absolutely continuous) of 900 ft. Alongside 
and parallel to the lode is often a narrow 
band of highly sheared ro ck ; in some 
trenches the country rock can be seen having 
the southerly foliation but considerably 
silicified and pyritized. Cut by the reef is 
at least one old dolerite and here occurred 
the “ bonanza” known locally as the 
“ jeweller’s shop,” which ran about 8% 
gold. The writer has not systematically 
sampled any reefs and is not therefore in a 
position to express any opinion on their 
value. Chalcopyrite, galena, pyrite, siderite, 
covellite and calcite were noted in addition 
to gold and quartz. There are several other 
auriferous reefs in the vicinity.

The Saza reefs (Nutting’s) are the best

exposed set of reefs in the goldfield, owing to 
the extensive prospecting work done by the 
Central Mining and Investment Corporation 
Ltd. The country here also is granitic and 
basic gneiss, the average strike being east- 
south-east, but this is seldom seen in the 
trenches as the reefs all lie in one broad sheer 
zone running east-and-west. The granitic 
rocks in this zone vary, some are completely 
mylonitized, others only slightly so. Similarly 
with the basic gneiss which predominates, 
some is recognizable under the microscope as 
being of doleritic origin, other has reached the 
phyllitic condition. The longest continuous 
reef lies to the west of Need’s camp and is 
over 1,000 ft. long, but never wide, certain 
shoots appearing to be payable. Those to 
the east of that camp are somewhat shorter, 
sometimes 6 ft. wide, sometimes overlapping, 
sometimes two parallel reefs up to 100 ft. 
apart, sometimes a series of leaders, some­
times completely absent, but all in the same 
shear Zone which seems to persist. There is 
quartz, more or less continuously, for 1-9 
miles in this zone. A good deal of reef runs 
10 to 20 dwt. to the ton, much is richer. 
The mineralization is mainly pyrite, small 
quantities of all the above reef minerals have 
been found, and barytes and tourmaline in 
addition. Some of the dark quartz of the 
reefs is full of minute tourmaline, with 
magnetite and free gold visible under the 
microscope. It should be noted that in these 
as in many other reefs the assay values are 
higher than would have been estimated from 
the pannings as much gold is locked up in 
the pyrite.

For size there is nothing yet known to 
equal the “ Razorback,” a reef-hill with 1-4 
miles continuous quartz, 200 to 300 ft. high, 
and of considerable width. Unfortunately 
most of this, though not all, is unpayable.

The “ Black Tree ” reef (to the west of 
Black Tree Hill) has a nearly continuous 
length of half a mile. I t  is intruded mainly 
into granitic gneiss, but some basic gneiss 
and some diorite are also seen in the trenches.

McHugh’s on the Luika is another reef- 
hill with different strike and values in parts.

Origin.—The gold belt has been mentioned. 
From the mapping, it has been found that 
with the exception of the ubiquitous granitic 
gneiss, only one rock and its associates 
pervades the length of that belt, tha t is, the 
Saza granite with its differentiates the diorite 
and “ spessartite.” Earlier on Mr. Oates 
(Chemist and Petrologist to the Geological 
Survey) did many assays of different rocks
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in the hope of finding some helpful indicator. 
Various diorites carried traces of gold. 
Latterly he has concentrated on the 
“ spessartite ” as being a pyritiferous 
differentiate of the granite. Clean fresh 
material, free from any sign of quartz 
veining, was chosen ; elaborate precautions 
were taken to prevent accidental “ salting.” 
His conclusion is that various samples are 
definitely auriferous. (Actually 4 grains to 
the ton of 2,000 lb. in one case, slightly 
higher in another, and distinct gold in 
another ; these results being obtained from 
the combination of the products of many 
“ assay tons.” ) Therefore, as one differentiate 
of the Saza granite has been proved to be 
auriferous, and as this granite and its 
associates pervade the gold belt, the author 
puts forward the suggestion that the Saza 
granite is the parent of at least some of the 
gold reefs, regarding these as acid 
differentiates, just as the diorite and 
“ spessartite ” are basic derivatives of the 
granite.

A l l u v ia l  G o l d  O c c u r r e n c e s .—The 
characteristic which seems to distinguish 
this goldfield is the finding of very rich 
(unfortunately often very local) patches in 
tiny streams, really very small storm drains 
as they never flow for more than a few hours, 
within a very short distance of the water­
shed. There seems no area but the 
immediate vicinity from which the gold can 
possibly have come. A very common feature 
is that most of these stream valleys have 
been eroded at some remote period, then 
aggraded, perhaps nearly filled up and 
covered over with surface “ cement,” and are 
now being re-eroded along the old valley. In 
some cases gold lies on the “ cement,” a false 
bottom, but often in better quantity on the 
true bottom and hidden, till eroded or 
excavated, by the false bottom. Even in the 
Lupa itself one claim in 1929 went down over 
20 ft. below the apparent bottom of the river 
in a steep rocky gorge ; enormous boulders 
had to be blasted away to do this. The 
bottom yielded heavy gold that justified the 
outlay of time and money.

A very great deal of the gold in the smaller 
streams and, in fact, much in the rivers, is 
angular. I t  seems that erosion and drainage 
in the present direction has been in progress 
for a very long period and the idea that there 
may have been a previous, totally different 
drainage system seems too remote to be 
useful. It appears therefore that the origin 
must be sought in the vicinity of the deposits.

Throughout the area are many auriferous 
quartz stringers and veins of no persistence. 
Occasionally one is found full of visible gold. 
Such occurrences must contribute largely to 
the alluvial gold. Some of the ironstones 
have been found to be auriferous, notably 
around Itewe and the Kasisi, and they are 
sometimes seen full of auriferous quartz 
stringers. Near the headwaters of the 
Maperi, a rich area, one hill is almost entirely 
composed of epidotized gneiss. This was 
again noted in the workings west of the 
Mawoga. These are all evidences of hydro- 
thermal activity. Whether they are in any

V i e w  a l o n g  M c H u g h ’s  R e e f .

way connected with the Saza granite or 
whether they are very much older is not 
known, but it is suggested that to such 
activity, part of which is the production of 
quartz reefs and veins, the origin of the 
gold must be attributed.

The prospector is advised td examine the 
areas round all non-foliated hornblende- 
granite and diorite or “ spessartite ” areas, 
to prospect streams that are eroding into 
watershed or “ mbuga ” areas and perhaps 
re-eroding along old channels, and to look 
under the “ cement.”

A further word is required as to the
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possibility of locating gold in the lake beds 
and in the overlying alluvial beds of the 
Rukwa depression. Without doubt hundreds 
of thousands of ounces of alluvial gold lie 
there, but, as postulated above, the beds 
cannot be less than 600 ft. thick, perhaps 
double that. The grade is low, inhnitesimally 
so, in most of the beds, as a small amount of 
river sediment is diluted with a large pro­
portion of ash. On general theoretical grounds

it would be imagined that where a river 
flowed into the deep lake the gold would fall 
immediately and be banked against the 
scarp. Big banks of sediment thus formed 
occur at the mouth of every river, but 
pannings are poor. Perhaps in the Sira-Lupa 
delta there may be beds of undiluted 
alluvium. On paper the proposition 
is very attractive—in the field very 
disappointing.

TH E GENERATION OF POWER FROM PYRITES
By A R T H U R  J. CADDICK, M.I.M.M.

In ihis article the author discusses the economics of the generation of pow er from pyrites, in relation to the  cost of
copper production.

The possibility of harnessing, for steam- 
raising purposes, the heat generated by the 
combustion of pyrites is a subject of financial 
importance as affording, for many districts 
short of carbonaceous fuel or water power, 
a local supply of fuel. When considered in 
conjunction with the production of copper 
from cupreous pyrites, by the roasting of 
the pyrites and subsequent wet extraction of 
the copper from the calcines, and the 
utilization of the surplus heat generated by 
the roasting operations for power generation, 
an efficient and cheap process for copper 
production is obtained. Where smelting 
operations are conducted, the utilization of 
the heat generated by the combustion of the 
pyrites also offers scope for considerable 
economies in fuel costs. From a large amount 
of research work, conducted over a number 
of years, the results given in the present 
communication will indicate the financial 
possibilities.

In the following article theoretical considera­
tions are given in the first instance and these 
are followed by experimental results obtained 
on a small boiler and a U-tube. Continuing, 
there are working particulars as to size of 
boilers and evaporations of water per hour 
from three firms of boilermakers and, 
finally, the value of the heat harnessed in 
terms of saving in coal bill and the economy 
in cost per ton of copper produced with coal 
at different prices are shown.

H e a t  U n it s  G e n e r a t e d  b y  t h e  C a l c in a ­
t io n  o f  P y r i t e s .—In the following notes 
the total amount of heat contained in the 
gas produced from the roasting of 300 tons 
pyrites per day is shown, also the amount of 
heat available for the raising of steam.

P y rites roasted  p e r day, Tons . . . 300
Sulphur C onten t of P y rites , % 45

,, ,, ,, ,, , Tons . 135
Calcined R esidues produced, % as on P y rites  80

,, p e r  day, Tons . 240
Sulphur C onten t of Residues, % . . 8-0

,, ,, ,, , Tons pe r d ay  . 19-2
Sulphur burned  to  S 0 2 p e r day , Tons . 115-8
1 to n  of Sulphur produces 2 to n s p u re  S 0 2.
Pure  S 0 2 gas p roduced per 24 hours, 231-6 Tons.

Average Composition of Gas Produced 
(% by Volume).—

S 0 2 . . 8-0%
Oxygen . . 10-0%
N itrogen . . 82-0%

64 gram m es S 0 2 occupy 22-4 litres a t  0° Cent, and 
760 m m. pressure.

64 kilos S 0 2 occupy 22-4 cubic m etre  a t  0° Cent.
and  760 m m. pressure .

1 kilo S 0 2 occupies 0-35 cubic m etres a t  0° Cent.
and  760 m m. pressure.

231-6 tons pure  S 0 2 occupy 81-060 cubic m etres 
a t  0° Cent, and  760 mm. pressure.

Gas con ta ins 8%  SOa by  Volume.

From this data the heat units in the gas 
produced can now be estimated.

Gas produced from  300 tons Pyrites per 
24 hours.—The gas produced will measure 
1,013,250 cubic metres at 0° Cent, and 
760 mm. pressure. This gas will contain the 
following amounts of component gases 
measured under the same conditions of 
temperature and pressure.

c. m etres
SOa . . . 81060
Oxygen . . 101325
N itrogen . . 830865

Weight of Gas produced per 24 hours from 
300 tons Pyrites.—In the following table is 
shown the weight, in kilogrammes, of 1 cubic 
metre of the component gases at 0° C. and 
760 mm. pressure.
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S 0 2 . . . 2-88 kg.
Oxygen . . 1-44 ,,
N itrogen . . 1 - 2 6  ,,

From these figures the weight of the total 
gases produced can be calculated for the 
same conditions of temperature and pressure. 
SO, . 81060 c. m etres weigh 233452-8 kg.
Oxygen . 101325 „ „ 145908-0 kg.
N itrogen . 830865 „ „ 1046889-9 kg.

T otal . 1013250 „ „ 1426250 kg.
Temperature of Gas Produced.—450° C. 
S p e c if ic  H e a t  o f  G a s  P r o d u c e d .—
S 0 2.—1 kilo =  0-125 +  O-OOlt =  0-125 +

0-001 X 450 =  0-125 +  0-45 — at 450° Cent.
=  0-170.

Oxygen.—1 kilo =  0-2104 +  0-0000187t =  
0-2104 +  0-0000187 X 450 =  0-2104 +
0-0084 — at 450° Cent. =  0-2188.

Nitrogen.—1 kilo =  0-2405 +  0-0000214t =  
0-2405 +  0-0000214 X 450 =  0-2405 +
0-00963 — at 450° Cent. =  0-25013.

Average composition of Gas by Weight.— 
S 02 . . . 16-37%
Oxygen . . 10-23%
Nitrogen . . 73-40%

Mean Specific Heat of Gas at 450° Cent.— 
S02 . . 16-37% at 0-17000 =  2-7829
Oxygen . 10-23% at 0’21880 =  2 2383
Nitrogen . 73-40% at 0'25013 =  18‘3595

23-3807
Mean Specific Heat 0-2338.

T o t a l  H e a t  U n it s  Co n t a in e d  in  G a s  
P r o d u c e d  p e r  24 H o u r s  f r o m  t h e  
R o a s t in g  o f  300 t o n s  P y r i t e s .—

Weight of Gas =  1426250 kg. 
Temperature =  450° Cent, 
s.p. heat of Gas =  0-2338 

1426250 X 450 X 0-2338 =  150,055,762 kg. 
Calories.

As the whole of the heat units contained 
in the gas are not available for power genera­
tion, it is necessary to determine the amount 
of heat carried away by the gas after the 
absorption of heat for steam raising.

Available Heat for Steam Raising in Gas 
Produced per 24 hours.—
Temperature of Gas Produced . 450° Cent. 
Temperature of Gas after Heat

absorbed for Steam Raising . 150° C.
Heat contained in Gas at 150° Centigrade 

after absorption of Heat for Steam Raising.— 
Weight of Gas per 24 hours =  1426250 kg.

Specific Heat of Gas at 150° Centigrade.— 
S02.—1 kilo =  0125 +  -001t

1 kilo at 150° Cent. ,= 0-140 
Oxygen.—1 kilo =  0-2104 +  0-0000187t 

1 kilo at 150° Cent. =  0-2132 
Nitrogen.—1 kilo =  0-2405 +  0-0000214t 

1 kilo at 150° Cent. =  0-2437
S 0 2 . . 16-37% a t  0-1400 =  2-2918
Oxygen . 10-23% a t  0-2132 =  2-1810
N itrogen . 73-40% a t  0-2437 =  17-8876

22-3604

F i g . 1 .— F u r n a c e  S h e l l s  a n d  B a s e m e n t s  f o r  D r i v i n g  G e a r .
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F i g . 2 . — D u s t  C h a m b e r .

Mean Specific Heat at 150° Cent. 0-2236. 
Heat Units contained in Gas at 150° Cent.—■ 
1426250 X 150 X 0-2236 =  47,836,425 kg. 

Calories.
The amount of heat units in the gas as 

produced, and in the gas after heat absorption 
for steam raising having been ascertained, 
by difference the amount of available heat 
for power generation is obtained.
H eat U n its  in gas as

produced . . 150,055,762 Kg. Calories.
H ea t U nits a fte r  H eat

A bsorption . . 47,836,425 ,, ,,
Available for Steam

R aising . . . 102,219,337 ,, ,,
Available for Steam

Raising . . . 405,606,329 B .T h .U ’s
A vailable B .T h .U ’s p ro ­

duced from  1 to n  
Pyrites . . . 1,352,021
Owing to the lower temperature of the 

final gas there is a substantial reduction in 
the volume as compared with that of the 
gas originally produced, the difference in 
volume being—

Volume of Gas Produced per 24 hours from  
300 tons Pyrites.—1,013,250 cubic metres at 
0° Cent, and 760 mm. pressure =  2,683,442 
cubic metres at 450° Cent.

Volume of Gas after cooling by abstraction 
of heat for steam raising, temperature of Gas 
150° Cent.—1,569,980 cubic metres at 150° 
Cent.

Reduction in Volume by heat abstraction for 
steam raising.—58-5% as on volume at 
450° Cent.

Turning next from these theoretical con­
siderations, the following are experimental 
results obtained on a small boiler in which 
pyrites was used as the fuel, and an 
experimental U-tube immersed in a blast­
furnace flue, the tube being heated by waste 
blast furnace gases.

E x p e r i m e n t a l  V e r t i c a l  T u b u l a r  
B o i l e r .— For these trials a small boiler was 
used without economizer or feed-water 
heater. No alterations were made to the 
firebox from that used when burning coal. 
Under these conditions the combustion of 
the pyrites was only partial, the final 
calcines containing as much as 27% sulphur. 
The working results obtained, however, 
were :—
D uration  of tr ia l 
P y rites  burned  .
Sulphur in  P y rites  burned

,, ,, Calcined p ro duct
W ater E v ap o ra ted

,, ,, p e r lb. py rite s
from  a n d  a t  212°

F ah r. p er lb. py rites . . . 1115  lb.
T em pera tu re  of Feed W ate r . . 53° Fahr.
Boiler Pressure, lb. p e r sq. inch  . 71
T o ta l B .T h .U ’s in  steam  an d  Feed

W ater . . . . .  905,165
B .T h .U ’s in Feed W ater . . . 16-128

12 hours 
825 lb. 
48-8% 
403-0 lb. 
27-65% 
768 lb. 
■93 lb.
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B .T h .U 's in  steam  from  P y rites . 889,037
B .T h .U ’s p er lb. steam  from  P y rites . 1157-6 
B .T h .U ’s obtained from  1 lb. Pyrites 1078

E x p e r im e n t a l  T u b e  I m m e r s e d  in  B l a s t - 
F u r n a c e  F l u e .— In this experiment a 
steel U-tube was placed in the flue of a 
blast-furnace engaged on pyrite smelting. 
The dimensions of the tube were :—

E x ternal d iam eter 2£ in.
E x te rn a l circum ference 7-85 in.
Length  in  co n tac t w ith  gas . . 33 ft. 3 in.
T otal ex ternal heating  surface 21-7 sq. ft.
In te rn a l diam . . 2 in.
In tern a l circum ference 6-28 in.
T otal in te rnal surface . 17-4 sq. ft.

Test 1. Test 2.
D uration  of tria l 1 hr. 23 min. 1 hr. 25 min.
W ater passed through

tube 390 kg. 390 kg.
W ater— ingoing Tem ­

peratu re 35° C. 35° C.
W ater —  o u t g o i n g

T em pera tu re . 85° C. 84-3° C.
Rise in  W ater T em ­

p eratu re 50° C. 49-3° C.
W ater passed pe r hour 281-93 kg. 275-29 kg.
B .Th.U ’s p er hour 55935 53853
Average B .T h .U 's per

hour 54894
B .T h .U ’s p er sq. ft.

heating  surface of

Heating surface of boiler 3,500 sq. ft.
Evaporation 3,300 lb. of water per hour.
Exit temperature of gases could probably 

be reduced to 350° Fahr. without serious 
harm occurring, but considered it advisable 
to keep above this temperature, say 400° 
Fahr.

V a l u e  o f  t h e  H e a t  o f  t h e  G a s e s  
O b t a in e d  b y  t h e  Ca l c in a t io n  o f  P y r it e s  
in  T e r m s  o f  Co a l .—Taking the amount of 
steam produced, according to the boiler­
makers’ quotations, as 9,000 lb. per hour 
from 300 tons pyrites per day, and con­
sidering this in relation to an average

2 |  in. U -pipe . 2522-7
B o il e r s  f o r  S t e a m  G e n e r a t io n  f r o m  

t h e  H e a t  o f  t h e  G a s e s  P r o d u c e d  b y  
t h e  Ca l c in a t io n  o f  P y r i t e s .—Following 
the foregoing experimental results, quotations 
were made by three firms of boilermakers 
of repute, for boilers to raise steam from the 
gases produced by the calcination of pyrites, 
the working particulars as given by them 
being :—

A. Waste Heat Boilers for gases from  
300 tons Pyrites per day.—

Evaporation from and at 212° Fahr. 
100 lb. pressure 13,500 lb. per hour.

Evaporation from and at 212° Fahr. 
150 lb. pressure 12,750 lb. per hour.

With increase of 25% by addition of 
economizer.

Size of boilers, 3 at 7 ft. 3 in. diam. by 
22 ft. long or 2 at 9 ft. 0 in. by 22 ft. long.

B. Water Tube Boiler for Gases from  
300 tons Pyrites per day.—

Heating surface 8,800 sq. ft.
Evaporation 9,000 lb. per hour at 120 lb. 

per sq. in.
2/300 lb. per hour less for 150 lb. pressure 

per sq. in.
Temperature of exit gases 450° Fahr.
Exclusive of Economizer.
C. Water Tube Boiler for Gases from  

100 tons Pyrites per day.—

F i g . 3 . — G a s - C o l l e c t i n g  F l u e . 

evaporation of 7 lb. steam per lb. of coal, 
the 9,000 lb. steam per hour correspond to 
an equivalent of 30,857 lb. coal per day, 
which at 360 days per annum mean 
4,959 tons coal.

per day per annum  
W ith  Coal a t  15s. p er to n  . ¿10-32 ¿3718

„ 20s. „ . ¿13-77 4959
„ 30s. „ . ¿20-65 ¿7438
„ 40s. „ . ¿27-54 ¿9918

Considering these sums in relation to the 
amount of copper from different grades of 
pyrites the importance of the economies 
possible are emphasized.
A t 0-5% Copper produced from  Ore = 1 - 5  tons 

Copper per day.
A t 1-0% Copper produced from  Ore =  3-0 tons 

Copper p er day.
A t 2-0% Copper produced from  Ore =  6-0 tons 

Copper per day.
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Copper produced from  Ore 
W ith  Coal a t  15s. per to n  

„ 20s.
„ 30s.
„ 40s.

Economy per ton 
Copper produced 

0-5%  1 0 % 2-0%
/6-88 ¿3-44 ¿1-72
¿9-18 ¿4-59 ¿2-29

¿13-76 ¿6-88 ¿3-44
¿18-36 ¿9-18 ¿4-59

Value of Available Power from the Calcina­
tion of Pyrites in Relation to Electrical Power 
Generation.—For an electric power station 
with a normal load of 42000 to 44000 k.w.h. 
per 24 hours the B.Th.LT’s used when burning 
a very low-grade of fuel were 18430 per 
k.w.h. The avilable heat units, per 
calculation, for 300 tons pyrites per day 
(405,606,329 B.Th.U’s) are therefore 
equivalent to 22008 k.w.h. With the price

of fuel at one farthing per k.w.h. the value 
of the 22008 k.w.h. would amount to over 
£8000 per annum and with fuel cost of one 
halfpenny per k.w.h. to over £16000 per 
annum.

The photographs illustrating this article 
show four multiple-hearth roasting furnaces 
in course of construction for the contemplated 
generation of steam by the surplus heat of 
the gases produced by the roasting of pyritic 
ores. The first shows the furnace shells and 
basements for driving gear ; the second shows 
the dust chamber at top battery of furnaces ; 
and the third the gas collecting flue. This 
installation was designed and constructed 
under the supervision of the author.

DUMPING MINE REFUSE
By G UIDO BRILLO

In the p resent article the author deals solely w ith the dum ping of mine refuse, bu t hopes in a  subsequent communication
to cover the  reclam ation of dum ped material.

When planning the exploitation of a mine, 
a problem to which careful consideration 
should always be given is the disposal of the 
mine refuse—where and how the waste 
material should be dumped. It is the author’s 
intention in the following article to outline 
the aspects of this problem which are most 
frequently met by mining engineers and 
to suggest some useful methods on how 
to deal with them. At the commencement, 
at least an approximate idea should be formed 
of the amount of refuse to be dumped over 
a period of years, if possible up to the 
exhaustion of the mine. Obviously this 
knowledge will assist in the choice of the 
dumping site, as well as in indicating the 
size of the conveying and dumping plant 
required.

Under the following headings three typical 
instances are arranged in order of increasing 
difficulty, the cases being subsequently 
examined in turn :

(1) When the waste material has to be 
dumped on the slope of a h i l l ;

(2) when the waste material can fill up 
a valley, and

(3) when the waste material has to be 
dumped on fiat ground.

To these considerations the following 
points should be added :—

(a) The distance of the chosen available 
dumping ground from the source of the 
waste material ;

(b) the accessibility of the route between 
the source of the waste material and the 
dumping ground ; and

(c) the hourly or daily maximum tonnage 
of material to be dealt with.

Only from an analysis of any of the above 
three cases is it possible to arrive at the most 
efficient method of dumping. It can almost 
be said that in the vast majority of cases 
one of the three following plants will be
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found to cover most satisfactorily the mine’s 
requirements :

(a) A light railway.
(b) An extendible cable incline railway.
(c) An aerial ropeway.
These three methods are dealt with on 

their individual merits and the decision to 
use them at the mine is naturally dependent 
to a wide degree on the local requirements.

Light Railway.—The light railway can 
occasionally be adopted in the first two cases 
previously mentioned and either animal or 
mechanical traction can be used. If the 
latter, this can be obtained by means of 
either steam or petrol engine, or by rope or 
chain haulage. Animal traction is usually 
adopted when the daily output is not very 
great, and when the distance between the 
dumping area and the point whence the 
waste material comes, is not only reasonably 
short, but easily accessible. For this case 
the track has usually a small gradient in 
favour of the load,so that the loaded waggons 
reach the dumping point almost by gravity, 
and are conveyed back to the loading point 
by mules, either separately or in train 
formation.

Mechanical traction is used when the daily 
output is fairly large or when the source of 
the waste material is rather far from the 
dumping point. Once the traffic is of such 
a nature that heavy earth work is necessary 
to support it, or if the line deviates con­
siderably so as to counter the uneven nature 
of the ground, it is necessary for the engineer 
to turn his mind to some of the more effective 
and modern methods of transport which 
are examined in detail below. According to 
the requirements of the installation, the 
track can be single or double—this applying 
both to animal and mechanical traction. 
The double track allows one section to be used 
for the conveyance of the loaded waggons, 
and the other for the return of the empty 
ones. The waggons can discharge their 
contents on the dumping ground by tilting 
either sideways or forwards, or even by 
opening the sides. The light railway only 
allows the dump to proceed horizontally 
as the discharges are made, and is formed 
by bringing forward the dumping point, 
or section, by adding to the track when the 
material already dumped does not permit 
of any additional discharge.

Extendible Cable Railway Incline.—This 
installation is usually adopted when the 
waste material has to be dumped on flat 
ground, and Fig. 1 illustrates a plant of 
this kind. The refuse that comes from the

mine by, say, a light railway, is tipped either 
directly or through hoppers into a skip (A).

The formation of the dump is com­
menced with about 100 ft. of track, which is 
placed where it starts, the track having a 
gradient of about 1 in 2\, and is supported 
by wooden trestles and longitudinal and 
transverse wooden sleepers. The steel wire 
rope, which has one end attached to the 
skip, turns around the return pulley at the 
top of the incline, and winds itself on to 
the drum of the motor-controlled driving- 
gear, placed at the lower terminal. This 
rope hauls the skip to and from the two 
terminals. The two sides of the skip can be 
automatically opened by a special device

which can be placed along any portion of 
the track. The skip can therefore discharge 
its contents on both sides of the track at 
any desired intermediate point. When at 
any given point, the full quota of material 
has been unloaded and there is no room for 
additional quantities to be dumped, the 
incline is extended by adding another length 
of track about 20 ft. in length, complete 
with wooden longitudinal and transverse 
sleepers previously referred to. One end 
obviously is joined to the old track and the 
other end is supported by a wooden trestle 
placed on a foundation previously prepared 
on the existing portion of the dump. The 
return pulley is also removed to the far end 
of the new section of track and the skip 
will then be able to unload on both sides 
of this new portion. The extension of the 
track has naturally to be repeated each 
time the material has completely filled up 
the space between the ground and the track.

Rollers for the support and guide of the 
hauling rope are placed at equal intervals 
along the track, at track level for the hauling 
section, and on wooden trestles for the
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F i g . 2 .

return section. When the plant is first 
installed it is also customary to supply 
a hauling rope sufficiently long to last for 
all the necessary extensions—if not for the 
completion of the dump, at least for the life 
of the hauling rope itself, which in normal 
circumstances is about five or six years. 
The spare length is generally stored on the 
drum of the winding gear, and uncoiled 
according to the needs of the installation. 
It is obvious that with this kind of plant 
the carrying capacity per hour gradually 
diminishes with the increase of the length 
of track, and, therefore, it is necessary to 
plan a plant designed to cope with the 
required capacity per hour or per day, when 
the track reaches its maximum length.

The carrying capacity of the skip varies 
greatly, but in any case it is not advisable 
to go above four or five tons. The speed of 
the hauling rope may be as high as 500 ft. 
per minute. It is up to the designer to 
proportion satisfactorily the capacity of the 
skip and the speed of the hauling rope so 
that he has the maximum output with the 
minimum expenditure. In certain cases, 
when a great capacity per hour is required 
two skips attached together can take the 
place of one, thus doubling the capacity of 
the incline. If this is done the rope, driving 
gear and motive power, etc., have to be 
proportioned to it. Occasionally, instead 
of discharging by automatically opening its 
sides, the skip empties its contents by tilting 
at the top end of the track. With this type 
of skip, however, the capacity of the plant 
has to be kept rather low, and it is not 
possible to have two skips coupled together. 
With the adoption of a cable railway incline, 
the dump usually progresses in the shape of 
an ever-increasing cone, but when a certain 
height is reached, the track, and therefore 
the dump, can develop horizontally.

Aerial Ropeway.—By far the most modern

F i g .

and most efficient means to cope with any 
of the above mentioned cases of dumping is 
the installation of an aerial ropeway. This 
applies to all conditions of work and all 
types of material to be dumped. The aerial 
ropeway is especially suitable when a 
regular hourly output of material has to 
be disposed of ; when the route between 
the source of the waste material and the 
dumping area is difficult ; and when a great 
hourly capacity is required. Another 
important feature of this type of plant is 
that very little running labour indeed is 
necessary, and thus it contrasts favourably 
with the previous types of plants mentioned, 
where labour is no insignificant feature.

For the formation of dumps, two types 
of aerial ropeways are constructed which 
need particular mention—one with extendible 
overhead discharging rail, which is extended 
according to the progress of the dump, and 
the other on which a particular span or 
spans are provided to cover the whole of the 
dumping area, both in height and extension. 
Both these plants are of the bi-cable system, 
but whereas the first is always of the con­
tinuous movement type, the second in 
certain unusual instances may be of the 
jig-back type. Figs. 2, 3, and 4, illustrate 
ropeways with extendible overhead dis­
charging rail. With this type of plant, as 
can be clearly seen from Fig. 2, the driving 
station is usually placed at the loading 
terminal and an automatic return station is 
situated at the unloading terminal. Thus 
the carriers arriving at the latter terminal 
do not leave the hauling rope, but continue 
to grip it and are hauled through the inlet 
section of the overhead rail up to the large 
diameter sheave. Turning around this sheave, 
they continue through the outlet side of the 
rail and back again on the return side of the 
ropeway to the loading station. At the 
loading stations the ropeway carriers are

3 .
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loaded by means of hoppers, and at equal 
intervals proceed towards the unloading 
station, where, whilst on the rail, they 
automatically tilt at any desired point, 
through suitably placed automatic tippers.

When the dump has reached such a height 
that no further addition of material is

4 .

practicable, the overhead discharging rail 
is extended by moving forward the structure 
carrying the large diameter sheave, and 
inserting between it and the entrance of the 
unloading station, some additional steel­
work, which carries the extension of the 
overhead rail as well as the rollers for the

. *
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guide and support of the hauling rope. 
This operation has to be performed every 
time it is necessary to extend the overhead 
rail, and is very simple. Obviously, in theory, 
there can be endless extensions of this plant 
and, contrary to the extendible cable 
railway incline, the hourly capacity of the 
plant does not diminish with the increased 
length of the rail, owing to the fact that it 
can be maintained at certain fixed quantities 
by keeping constant the spacing of the 
carriers and suitably increasing their total 
number. When designing an installation of 
this kind the motor supplied must be able 
to cope with the maximum extensions which

ropeway—-where one, or more, spans of 
the installation at whatever height required, 
cover the whole of the dumping area. The 
loading station is, practically speaking, the 
same as that used for the ropeway already 
described and is almost invariably also the 
driving station. The return terminal, 
placed at the end of the dumping ground, 
is a high tower on which a short circuit of 
rails and a large diameter sheave are placed 
for the automatic return of the carriers. 
These spans above the dumping area are 
usually horizontal and on both the carrying 
ropes, movable automatic dischargers are 
fixed, so that the carriers can automatically

F i g . 6.

will be required by the plant. The overhead 
discharging rail usually goes upwards as 
illustrated in figure No. 4, thus forming a" 
conical shaped dump. This kind of plant is 
specially suitable when the material has to 
be discharged on flat ground, and when 
dumps of great height have to be formed. 
By having the discharging rail horizontal or 
only slightly inclined, this arrangement is 
suitable for forming dumps on the slope of a 
hill and it is obvious that the extension of 
the rail is not bound to proceed in a straight 
line, but can turn to suit the varying require­
ments of the dumping ground.

The hauling rope is generally long enough 
to allow such extensions as may be needed 
during its life. With a plant of this kind it is 
possible to deal with a capacity up to 250 
tons of material per hour. Figs. 5, 6, 7, and 8 
show examples of the other type of aerial

tilt at any desired point, whilst travelling 
either towards or from the return terminal.

This type of ropeway is also especially 
suitable when a valley has to be filled up. 
As has already been explained this plant 
is of the continuous movement type and it 
is possible for it to dispose of about 250 tons 
of material per hour—this with a single 
installation. Should the quantity of material 
to be dealt with be more than 250 tons an 
hour, all that need be done is to install two 
or more parallel ropeways. An interesting 
variation is tha t when required in very 
high dumps, the towers all over the dumping 
area can be increased as desired, to w hat­
ever height necessary within, of course, 
reasonable limits, taking a maximum as 
say 400 ft.

Perhaps some mention should be made of 
the aerial cableway, a variation of the aerial
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ropeway. Under certain conditions the 
aerial cableway can be most satisfactorily 
used for dumping and this particularly 
applies when the dumping takes place in a 
narrow, but long and regular, valley, or 
when dumping on flat ground, where the 
height of the dump must not rise above a 
certain level, but may proceed forward at 
almost any length. The cableway may be 
defined as a gantry bridge, on which steel 
girders supporting the carriers are sub­
stituted by one or more steel wire ropes— 
see Fig. 9. The towers of the cableway 
can travel on previously erected rails so that 
when the ground between the two towers 
of the cableway is filled up, and no more 
material can be added to it, the whole cable­
way is moved along the rail to another free 
section of the dumping area. The material 
is brought to the tower usually by a light 
railway, its track running by the side of the 
rails of one of the cableway towers. The 
load is picked up at one tower and auto­
matically tilted at any point above the 
section covered by the cableway. The 
mechanics and a general description of 
aerial ropeways were covered in two articles 
which appeared in the issues of the M a g a z in e  
for February and March last.

Obviously the important item to be con­
sidered in installing one of these plants is its 
cost. Most mining engineers have had 
experience in erecting at least a small light

7.

railway, and will be prepared to estimate 
the price of such a plant, should it be decided 
to install one for dumping purposes. It is 
more difficult, however, to estimate the cost 
of the other types of plant which have been

F i g . 8.
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dealt with, as this depends on many factors 
which may greatly vary. The following two 
examples which came under the notice of 
the writer will prove of some guidance.

The approximate cost of an extendible 
cable railway incline, similar to that 
illustrated in Fig. 1, with a permanent 
gradient of 1 in 2\, a track with a to tal 
developed length of about 500 ft., and a 
carrying capacity of approximately 15 tons 
an hour, in complete working order, including 
the cost of extensions, was just over £900. 
The incline was operated by a 20 h.p. motor,

F i g . 9 .

and in a period of five years, working 10 
hours a day and 300 days in a year, it was 
able to form a conical dump of about 225,000 
tons. The cost was spread over a period of 
five years for repayment, and including 
interest, driving power, labour and main­
tenance, it was found that the cost of 
dumping the material was about 4d. per 
ton. This calculation did not allow for the 
transport of material from its source to the 
loading point of the incline.

An aerial ropeway similar to that illustrated 
in Fig. 2, with a length of about 2,000 ft. 
from the loading station to the return sheave 
of the unloading station at the beginning 
of the dump, with a gradient of the extendible

BOOK REVIEWS
Sim ple Determ inative Mineralogy. By

H. R. B e r i n g e r . Cloth, octavo, 227 
pages, illustrated. Price 10s. 6d.
London : Mining Publications Ltd.

The use of the word “ simple ’’ as part of 
the title of this book is fully justified, for

overhead rail at 30°, and with a capacity 
of 40 tons an hour, costs, in complete working 
order, and including all extensions over a 
period to which reference will be made, 
about £3,400. Over a period of 10 years, 
working 10 hours a day and 300 days a year, 
it was possible to dump 1,200,000 tons of 
waste material. This means that, including 
repayment of the plant within a period of 
10 years, interest on capital, cost of driving 
power (25 to 30 h.p. motor), labour, main­
tenance, etc., the cost is just under 2^d. 
per ton for dumping the material. Further­
more—and this is an important point— 
this figure of 2fd. includes the cost of 
transport from the pit of waste material. 
With a ropeway of the other type under 
similar conditions, and with similar specifi­
cation, the ton cost would be approximately 
the same figure.

In this comparatively short article it 
has only been possible to outline in general 
the typical methods adopted for dumping 
waste material, but it is hoped tha t the 
various points mentioned earlier on may 
help in the wise choice of the plant most 
suitable for any particular case. Great 
attention should, of course, be paid to the 
economical features, not considering only 
the first expenditure, but rather how this 
initial expense will ultimately affect the 
cost per ton of transporting and dumping 
the waste material. Viewing the problem 
on general lines, the writer, as a result of his 
experience, is convinced that, where the 
material to  be transported is more than 
150 tons a day, and where the dumping 
operations will extend over a longer period 
than five years, the installation of an aerial 
ropeway is generally desirable. At a first 
glance the initial cost may seem com­
paratively high, but in the long run it will 
certainly be found the cheapest possible 
solution, and, after all, in any engineering 
undertaking it is the ultimate cost that should 
always be carefully borne in mind.

In conclusion the author wishes to acknow­
ledge his indebtedness to Mr. Eugene Beglan 
for help in compiling this article.

the author, who has had great experience in 
this subject, deals with the determination 
of minerals only by methods which are 
readily applicable in the field with apparatus 
that is easily portable ; and the methods 
themselves can, with some practice, be 
applied by prospectors who may not possess 
the scientific knowledge essential for the
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investigation of ore minerals by more refined 
means. The book is not intended to supplant 
systematic training in determinative 
mineralogy ; that is made quite clear by the 
author, whose object is to facilitate the 
recognition of certain ore minerals that may 
be deceptively similar to others in their 
outward appearance.

Although it is stated in the preface that 
“ the present work is a considerably revised 
and much enlarged edition of a book by the 
same author, entitled “ Mineral Deter­
mination," published in Cornwall some years 
ago,” this new edition contains so much 
more information than its predecessors, 
and differs so radically from the usual book 
on this subject, that it merits special 
attention. Its main feature is the diagnostic 
use made of two outstanding physical 
properties of minerals, namely specific gravity 
and hardness. These two properties, 
although not constant even for the same 
mineral species (and hardness, being a 
vectoral property, varies to some extent 
according to crystallographic directions) 
frequently suffice, when determined carefully 
by the methods described in great detail 
in this volume, to limit the possible species 
to a small group. The number of possible 
minerals is then further reduced by applying 
other tests, also described by the author, 
until eventually the particular mineral, in 
most cases, is determined.

Most books on determinative mineralogy 
give insufficient attention to the great 
diagnostic value of these two properties 
and too meagre descriptions of the technique 
for their investigation. The author is to be 
congratulated on the careful and detailed 
descriptions of the procedure, supplemented 
by useful advice of how to avoid errors of 
determination. He realizes fully that the 
specific gravity and hardness of a specimen 
are not sufficient data, in many cases, to 
determine the mineral species, but that 
the two properties, taken together, do 
provide the investigator with a ready means 
of allocating the specimen to one of the 
many groups arranged in this book. If the 
precautions emphasized by the author are 
then followed, the investigator will succeed 
in running down the specimen to an 
individual mineral, or to a very limited 
number of possible species. Proof of the 
usefulness of this method is supplied by the 
author’s statement that it has been used with 
good results for over ten years at the School 
of Metalliferous Mining, Camborne.

The first 13 pages give detailed descriptions

of how to determine the specific gravity of 
minerals occurring as grains, or as larger 
specimens, and the kinds of apparatus 
necessary. Three clearly drawn figures 
illustrate the methods and the apparatus. 
In the 27 pages that follow, the minerals are 
grouped in order of their specific gravity, 
and arranged in each group in order of 
hardness ; 172 pages of useful information 
relating to the chief physical characters of 
minerals in order of their specific gravity form 
a notable part of the volume ; and pages 
212 to 223 contain an alphabetic list of 
elements found in minerals, with the methods 
by which the elements can be identified. 
The index to subject m atter is supplemented 
by a full index of the mineral species 
described in the context, and the quality 
of paper, printing, and binding reaches the 
high standard we have learnt to expect from 
the publishers.

The book will be found particularly useful 
in the field, not only by prospectors of 
limited scientific training, but also by 
trained engineers who appreciate the 
importance of determining carefully the 
chief physical properties of minerals before 
studying the more obscure, and sometimes 
misleading, properties due to impurities and 
superficial alteration.

W il l ia m  R. J o n e s .

Prospecting for Gold. By I o n  L. I d r i e s s .  
Second edition. Cloth, octavo, 204 pages, 
illustrated. Price 5s. Sydney: Angus 
and Robertson. London: Australian 
Book Co.

This work is different from most of the 
other somewhat academic books on the same 
subject, in that it is based entirely on field 
experience. In the cheery, colloquial style 
of the prospector, it tells the new chum 
setting out for the first time on the adventure 
of gold discovery how to conduct his search 
and how to work a deposit when found. 
From an experience extending over twenty 
years, the author gives practical information 
on dishing, cradling, boxing, sluicing, gold 
saving, river work, hydraulicking, dry- 
blowing, reefing, and other allied matters. 
He points to his construction of a good 
hydraulic plant for ¿100 to show that the 
cost of working ground on a fair scale need 
not be prohibitive ; and instances the finding 
of the richest claim on the Edie goldfield of 
the Mandated Territory of New Guinea by 
an inexperienced digger, who happened to 
put his camp on it, and the recent picking up 
of a ¿6,000 nugget in Westralia by a lad
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of seventeen, as proof that fortune sometimes 
smiles on beginners. The illustrations of 
apparatus are mostly dimensioned or to 
scale, making construction easy for anyone 
possessing a knowledge of bush carpentry. 
The rapid issue of a second edition of the 
book should encourage other experienced 
practical mining men to record the in­
formation they have accumulated, instead of 
allowing it to die with them.

A l e x . R ic h a r d s o n .

Copies of the books, etc ., m entioned under the 
heading “  Book Reviews ” can be obtained 
through the Technical Bookshop of The M ining  
Magazine, 724, Salisbury H ouse, L ondon, E .C .2 .

NEWS LETTERS
JO H A N N E SB U R G

September 30.
Far East Rand.—Government ground 

containing over 6,000 claims has been 
thrown open for mining purposes. Applica­
tions have been invited for the exclusive 
rights to work a portion of the farm 
Daggafontein No. 9, in extent about 3,426 
claims, and a portion of the farm Groot- 
fontein No. 152, in extent about 2,907 claims, 
in the mining districts of Johannesburg 
and Heidelberg, respectively. The first- 
mentioned area is situated to the south of 
the property of the Daggafontein Mines, 
Ltd. This company already holds two lease 
areas in addition to its original mynpachts. 
The Grootfontein area now offered lies 
between the Sub Nigel’s lease area and ground 
belonging to the New Consolidated Gold 
Fields, and is bounded on the east by the 
Marievale Nigel Company’s claims. Lying 
between the new areas is the farm Vogel- 
struisbult, which belongs to the Rand Mines, 
Ltd., and the New Consolidated Gold Fields.

Western Rand Developments.—Thanks 
to the remarkably favourable developments 
that have taken place in the Randfontein 
Estates mine—notably the flattening of the 
Main Reef Series at depth—the prospects of 
obtaining capital for the purpose of 
establishing new large gold mines on the 
Far West Rand have considerably improved 
and it is reported that the New Consolidated 
Gold Fields group is making arrangements 
to extend its interests in that hitherto 
neglected portion of the Witwatersrand. The 
group is said to have acquired an option to 
purchase the mineral rights of the Western 
Areas, Ltd., with a view to forming a com­

pany to work this extensive gold-bearing 
property. The mineral rights cover 18,662 
morgen (over 37,000 acres) including the 
farm Gemsbokfontein No. 1, which formerly 
belonged to the Western Rand Estates, Ltd., 
Western Areas, Ltd., is controlled by Messrs. 
Donaldson and Carlis, who also own the 
mineral rights of the farm Luipaards Vlei 
No. 10, which is situated to the south of the 
Randfontein Estates property. The mineral 
rights of Luipaards Vlei No. 10 were formerly 
held by the Coronation Syndicate, which 
put down bore-holes and sunk a shaft on 
the farm. Gemsbokfontein No. 1 lies to the 
south-west of Luipaards Vlei No. 10. Its 
former owners, the Western Rand Estates, 
put down a number of bore-holes, three of 
which extend over a distance of some five 
miles along the strike of the reef. The average 
of the values struck in these three holes was 
52-75 dwt. over a width of 9'24 inches. A 
large shaft was started, but so much water 
was encountered in the dolomite which over­
lies the Main Reef Series that the work had 
to be abandoned and the company sub­
sequently went into liquidation. I t  may be 
that no further steps will be taken to develop 
the Gemsbokfontein property until the 
recommendations of the Low Grade Ore 
Commission are known, or until the Govern­
m ent’s intention regarding much-needed 
alterations in the Gold Law have been made 
perfectly clear. The directors of the Western 
Areas, Ltd., have submitted evidence to the 
Commission showing that when the Gold 
Law was enacted and its later amendments 
were framed, conditions such as prevail in 
the company’s properties and the difficulties 
set forth had not been considered. The 
directors stated that, in order to interest 
capital, the extent of the mynpachts that 
may be selected requires to be greatly 
increased, or alternatively, the right should 
be given to acquire areas on lease adjoining 
the mynpachts selected, and the rentals 
should be no greater than the usual mynpacht 
dues. In any event, however, it is desirable 
that machinery be created whereby it will 
be possible to ascertain in advance the size 
of the additional area contemplated in 
Section 2 of Act 30 of 1918 and the terms 
under which the lease can be obtained. On 
Luipaards Vlei No. 10 the same arguments 
apply. There the enormous difficulties 
encountered by the Coronation Syndicate 
led to the abandonment of the mineral rights 
after the syndicate had expended large sums 
of money.
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Orange Free State.—The operations of 
the Oranjeville Goldfields, Ltd., successors 
to the New Rand, Ltd., in the Orange Free 
State, have been suspended. The New Rand, 
Ltd., was formed about 30 years ago by 
Mr. A. R. Sawyer, a Rand geologist, to drill 
for the Main Reef Series in the Orange Free 
State. Encouraging geological results were 
obtained, but payable gold values were not 
encountered in any of the reefs intersected 
by the drill. It is estimated that drilling on 
the company’s property has involved an 
expenditure of nearly a quarter of a million 
sterling.

Rhodesian Gold Discovery.—Mr. George 
Hickey, discoverer of the Auric gold mine, 
in the Gwanda district, Southern Rhodesia, 
who is said to have declined offers for the 
property amounting to a substantial fortune 
during the last five months, has now granted 
an option to a South African mining group 
on a six-figure basis. The formation is 
schist, Mr. Hickey’s first pannings indicating 
a yield of about 10 dwt. to the ton. He then 
sank a shaft to a depth of 75 ft., and struck 
solid reef. Further prospecting showed that 
the reef runs east and west for a distance of 
some 2,000 ft., and that it has an average 
width of no less than 80 ft. Two further 
shafts were sunk on the line of strike, and 
these showed that the reef continues at 
depth, with almost uniform values averaging 
10 dwt. The reef lies between two diorite 
bars some 120 ft. apart, running more or 
less parallel. Expert opinion is said to confirm 
the general belief held in Bulawayo that 
Mr. Hickey’s discovery is altogether to be 
distinguished from the “ pocket ” finds with 
which the colony is periodically thrilled.

Government Laboratory in Rhodesia.— 
A fully equipped metallurgical laboratory, 
specially designed for the carrying out of 
practical tests on all types of gold ores, free 
of costs, has been established by the Southern 
Rhodesian Government. Although the plant 
has only been running a few weeks, successful 
analyses have already been made Of parcels 
of ore and sands, which have proved of 
great benefit to several small workers faced 
with extraction troubles. A Mineral 
Separation experimental outfit is also to be 
added for more refractory and complex 
ores. This innovation, it is stated, is likely 
to be of great service to the mining industry, 
since a half-pennyweight better extraction 
is as good as 2s. per ton bonus.

South African Process for Australia.— 
An offer from Australia, backed by certain
5—5

financial interests in Melbourne, has been 
made to the proprietary company, the Ferro 
Alloy Company of South Africa (Pty) Ltd., 
for its process for separating gold and 
antimony contained in sulphide of antimony 
ores. It is the intention to use the process 
in Australia for the treatment of these and 
other highly complex ores, some of which 
contain from two to five ounces of gold 
to the ton.

South Africa’s Mineral Output.— 
Statistics issued with the Government Mining 
Engineer’s annual report show that for the 
year 1930 the value of the Union’s output 
of minerals from the earliest date of the 
existing records to December 31 last is 
£1,530,609,796, of which the Transvaal 
contributed £1,219,226,911, the Cape 
£242,451,035, the Orange Free State 
£33,097,921, and Natal £35,833,929. Some 
of the details are :—

Gold
Diamonds
Coal
Copper
T in .
Silver
Asbestos
P latinum

{ \  ,095,436,526 
303,121,469 

87,557,244 
27,328,638 

6,688,716 
3,828,500
3.016.137
1.028.137

City Deep.—A gold-bearing erosion fissure 
cutting through the formation has been found 
in one of the lower levels of the City Deep 
mine. Several of these localized fissures have 
been struck in the Rand mines from time 
to time, but it is rare to find gold in them. 
These vugs are usually lined with quartz 
or calcite crystals, sometimes of great beauty. 
They were formed by secondary deposition 
from hot mineralized solutions and it is 
quite evident that in the case of the City 
Deep, gold found its way into the fissure 
also through the medium of a hot 
“ mineralizer,” and the circumstance might 
be used as another proof of a partial truth 
of the infiltration theory. The cost of 
recovery of this gold is almost too great to 
make it of any significance to mining 
operations. In fact, the occurrence only has 
a sentimental value for the specimen 
hunter.

Gold Mining in Northern Rhodesia.—
For July the Northern Rhodesian mineral 
output was £106,650, as compared with 
£85,900 in June. The bulk of the output is 
accounted for by copper and vanadium, but 
the gold yield also shows a considerable 
increase and indicates that gold-mining 
activities are becoming a striking feature of 
mining enterprise north • of the Zambesi.
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For the first time in the history of the 
territory the production of gold has exceeded
1,000 oz. a month and, having regard to the 
discoveries recently made in the neighbour­
hood of the capital-designate, Lusaka, a 
correspondent says that it is certain that 
much more attention will be given in the 
future to the quest for precious minerals, 
which hitherto has been regarded as a small 
side line, and has been pursued only in a 
random way. Vanadium from Broken Hill 
is also taking a much more conspicuous 
place in the outputs.

BRISBANE
September 22.

Mount Isa Reports.—Official reports for 
August from Mount Isa, North Queensland, 
show that the bullion railed to the coast 
during the month contained 2,242 tons of 
lead, worth £26,773, and 158,550 oz. of 
silver, valued at £9,249. The quantity of ore 
treated at the mill was 26,955 tons, the 
concentrates from which totalled 5,608 tons. 
On account of the excess of material on hand 
for smelting, the total production of ore for 
the month was somewhat less than the 
tonnage mined during July. Operations, the 
local mining warden says, will presumably 
return to normal as soon as this excess 
material is used up. Alterations have been 
in progress at the sintering plant and when 
these are finished the rate of smelting by the 
blast furnaces will be materially increased. 
The grade of ore produced on the Black Star 
lode, where operations in August were 
normal, was practically the same as in the 
preceding month. The high-grade carbonates 
were got from the Rio Grande lode, so that 
there was no stoping in the Black Rock 
section. By means of diamond drilling and 
driving, development and exploration work 
in the sulphide zone on the main haulage 
level was continued. Owing to the variations 
in the requirements of mill concentrates for 
smelting work, stoping in the sulphide zone 
of the Rio Grande section was discontinued 
during about one-half of the month, 
necessitating the laying off of some of the 
men for a time. In the south end of the lode 
on the main haulage level the ore veins were 
encountered for which search had been 
made after the information projected from 
diamond drilling had been checked.

Metallurgical Problem s and Gas.—The 
Government Inspector of Mines makes some 
reference to the metallurgical problems which

have presented themselves at the Mount Isa 
smelters, but which, it has been explained, 
are such as are incidental to the development 
of all plants. Mr. Young reports that these 
problems had recently to be grappled with, 
chiefly in connexion with the Dwight- 
Lloyd sintering process, but says that latest 
advice is that the difficulties met with have 
been practically overcome. He also states 
that some inconvenience has been caused 
through the appearance in the main haulage 
level of carbonic acid gas, which issued from 
the rock on the eastern side of the drive. 
The installation of a fan and air-jet not 
proving sufficiently effective, although doing 
some good, the erection of a larger fan, as an 
effective means, was started, and is probably 
in commission ere this.

Claim for Longer Working Hours.— 
A claim, on behalf of the Mount Isa Mines, 
Ltd., for an award extending the hours of 
underground workers from 44 to 48 a week 
has been before the Queensland Industrial 
Court. Hitherto surface workers only have 
been employed 48 hours and the request was 
for a consolidation of the different awards 
under which the company’s employees work, 
so that the longer time should apply to all. 
The court, however, refused the application, 
declining to depart from the general 
Australian standard hours for employees 
working underground. The court at the same 
time refused an application by the unions 
concerned to reduce the time worked by all 
employees to 44 hours. I t  was held that the 
longer hours for surface men had not been 
shown to be detrimental to the health of 
surface workers and that the time was not 
opportune to increase in any way the 
company’s costs of production. I t  was 
affirmed on behalf of the Mount Isa Com­
pany that, with the present low prices of 
lead, zinc, and silver, Mount Isa could not 
treat its average-grade ore profitably, and 
was compelled for the moment to extract ores 
having a higher value ; also that the company 
was not making any profits. I t  was likewise 
stated that, with the 48-hour week asked 
for, a saving of £50,400 a year could be made.

Refining Mount Isa Lead.—When Mr. 
Leslie Urquhart first announced the intention 
of the Mining Trust, Ltd., with regard to 
Mount Isa, he said it was hoped that the 
whole of the treatm ent work, including the 
lead refining would be done in Queensland, 
and enquiries were made as to the feasibility 
of erecting a hydro-electric refinery on the 
Northern coast of this State. I t  has now,
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however, been definitely stated by Mr. J. M. 
Callow, the company’s designing and con­
structing engineer, when passing through 
Brisbane on his return from the mine to 
London, that this has not been found to be 
practicable, because the saving in freight 
rates by the erection of a local plant would 
not be enough to warrant the expense ; also 
because there would be no market in 
Queensland for the by-products from the 
refinery.

Murdoch Copper Process.—The opera­
tions of the company (Cloncurry Copper, 
Ltd.) which has in hand the trying out of the 
Murdoch copper treatment process at the 
\  ulcan mine, 30 miles south of Cloncurry, 
North Queensland, are being watched with 
considerable interest by those concerned in 
copper mining. The distinctive feature of 
this process, as compared with other leaching 
methods, is the precipitation of the copper 
with lime, instead of with scrap iron or 
electrolysis. The plant at the Vulcan mine 
now has been completed, and a trial run was 
given to the engine and crushing machinery 
in August. The crushing section was found 
to be in good running order and capable of 
handling the estimated daily quantities of 
ore, but much trouble was experienced owing 
to the dusty nature of the ore being dealt 
with. After a quantity of 100 tons had been 
crushed, the plant at the end of last month 
was closed down for a week or two in order 
that a change might be made from dry to 
wet crushing. There has since been a satis­
factory trial of a portion of the leaching and 
precipitation sections, and the whole of the 
plant is expected to be in full operation as 
soon as the dust nuisance, caused by the 
dry nature of the ore, has been overcome.

British Interests in Queensland.—The 
British company, Gold Mines of Australia 
Ltd., has closed on the last of the options 
which they have held on gold mines at Mount 
Coolon, North Queensland. The lease of one 
of these mines, owned bj' the Mount Coolon 
Gold Mining Company, was bought right out 
in July of last year for £26,000. Now the 
British company has exercised its option over 
the Native Bear mine, known as Barclay’s, 
which it has bought for £75,000. During 
the term of the option over £80,000 has been 
spent in active exploration work, with the 
result that the large tonnage already opened 
up and in sight wall be such as to verj' much 
swell the gold production of Queensland.! 
Since Gold Mines of Australia started mining! 
development work in May, 1930, the Mountl

Coolon goldfield has produced over £200,000 
worth of gold from within 100 ft. of the 
surface. The company itself, however, has 
not yet begun production, but has done 
everything possible to prove for big-scale 
operations the mines which it now owns. 
Besides the Mount Coolon and Native Bear, 
the company holds in its own right two other 
leases, the total area possessed being about 
80 acres. On the authority of the Queensland 
Minister for Mines (Mr. A. E. Atherton) it is 
stated that many enquiries are still coming 
to hand from mining people overseas who 
want concessions in this State on which they 
are prepared to spend from £5,000 to £10,000 
a year in prospecting. By an Act passed last 
year obstacles previously existing to the 
expenditure of outside capital were removed, 
and the attention of these would-be investors 
thus was attracted to promising mining 
ventures in this country.

Shale Oil Mining.—Work has been 
resumed by the Shale Oil Development 
Committee, Ltd., at Wolgan, in the Newnes 
Valley, New South Wales, after the field 
had been closed for nearly eight years. This 
committee, which has been registered as a 
company, has undertaken to spend £93,000, 
the New South Wales portion of a grant of 
£100,000 provided by the Federal Govern­
ment for the repatriation of surplus men in 
the coal-mining industry. The Federal 
Minister for Development lately stated, in 
connexion with the unemployment problem, 
that careful investigations into the possi­
bilities of shale oil had led to the conclusion 
that direct employment in this industry 
would be available for 40,000 men and 
indirect work for 60,000.

Broken Hill Proprietary Company.— 
At the annual meeting of the Broken Hill 
Proprietary Company, Ltd., held in 
Melbourne the other day, the chairman made 
special reference to the decision of the 
directors to turn attention to gold mining. 
The lead-zinc mine of the company at Broken 
Hill has been closed, and its principal 
activities are at Newcastle, where the steel 
works are evidence of its enterprise, and at 
other places in Australia where the raw 
materials for steel manufacture are obtained. 
A large number of likely gold properties have 
during the past year been brought under the 
notice of the directors and a thorough 
inspection and prospecting campaign is at 
present in progress. The principal object 
in view is to secure a large low-grade 
gold-bearing formation, capable of being
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thoroughly tested, and in the operation of 
which profits will depend more upon efficient 
management than the vagaries of values that 
are usually associated with richer deposits. 
A short time ago this company took an 
option over some mineral leases (called the 
Silver Casket) about seven miles from Mount 
Isa, but subsequent to the annual meeting 
dropped the proposition, the reason given 
being an adverse report made by a Queens­
land Government geologist.

Broken Hill Central Power.—It was on 
July 18 last that the new central power 
station of the western New South Wales 
Electric Power Proprietary Company, Ltd., 
took over the continuous electric load of the 
North Broken Hill, Broken Hill South, and 
Zinc Corporation mines. Since then the 
new plant has run without untoward 
incident—an achievement that is regarded 
as remarkable for so large a plant and one so 
unique in type. The station is also to supply 
the three mines named with compressed air, 
but its equipment for this purpose is not yet 
fully complete.

IPO H
October 9.

Metal Prices.—In the last ten days of 
September the price of tin showed a material 
improvement in terms both of Sterling and 
of local currency, and though there have 
been quick declines from peak quotations 
the net result of movements is locally 
favourable. It is fully realized that the 
fluctuations of rates of exchange have been 
a large factor in these movements, and that 
it may be premature to count upon much 
continued appreciation.

Statistics.—The position as at the end 
of September is stated to be as follows :— 

Visible supplies . . 50,408 tons.
Consumption . . 8,600 ,,
Supplies . . . 8,100
Shipments from Straits . 6,285
September shipments of 6,285 tons from 

Straits are nearly as estimated, and the 
statistics for that month are generally 
satisfactory. The bad conditions in China, 
United States and parts of Europe are 
unfavourable to consumption, and tend to 
offset improvements in the position which 
would otherwise result from restriction.

Grouping.—The permissions for grouping 
have given very valuable assistance and, 
with the additional facilities recently 
authorized for transfer of quotas by

producers, have contributed greatly towards 
continuation of regular work, especially by 
selected small mines, and to the avoidance 
of unemployment and destitution.

Repatriation.—Returns were required 
in August from mines employing Chinese 
to show how many employees would be 
discharged as the result of the 60% cut in 
output and of conditions generally and the 
Government was thus enabled to make 
efficient arrangements for repatriation. From 
Perak all were put on board ship at Penang 
and not landed until at their port of destina­
tion. Between August 15 and the end of 
September nearly 8,200 unemployed Chinese 
and about 1,000 decrepits were repatriated. 
Since the end of September the numbers 
leaving are much less and it seems unlikely 
that there will be any very large additional 
repatriation if conditions remain as at 
present. In the same period the numbers of 
Chinese repatriated from Selangor, Pahang, 
and Negri Sembilan together amount to about 
half the total from Perak.

T O R O N T O
October 19.

Porcupine.—The output of the gold mines 
of the Porcupine area during September 
showed a substantial increase over that of the 
previous month, amounting in value to 
$1,981,572, as compared with $1,692,709, 
although the tonnage milled was slightly 
lower. The mill of the Hollinger Consolidated 
is treating about 5,000 tons per day, with 
millheads averaging about $6'50 a ton. 
Large tonnages of ore for milling are being 
drawn from the open-cut surface deposits, 
but with the setting in of cold weather the 
supply will come from the mine proper, 
which should considerably increase the 
recovery. Mine development is proceeding 
satisfactorily, some new ore sections having 
been opened up, which show improvements 
in value. Preparations are being made for 
sinking towards the 6,000 ft. level and 
diamond drilling has indicated that ore 
deposits below the present workings show 
greater enrichment than those now being 
worked. Throughout the greater part of 
this year the mill of the Dome Mines Ltd. 
has been treating ore at the rate of about 
1,500 tons per day. Up to the end of 
September production totalled $2,644,674 
from the treatment of 405,577 tons of ore, 
of an average grade of $6'52 per ton. Opera­
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tions are being pushed in the new high-grade 
section located on the 16th level, with values 
stated to average better than $15 to the ton. 
Good showings have also been opened up on 
the 18th level. The new mill of the McIntyre 
is working at full capacity treating 2,000 tons 
of ore per day, the ore ranging between 
$7 and $8 per ton. It is recovering about 
50 cents more gold per ton than did the 
old plant. The company has entered upon 
an extensive development plan, involving 
the sinking of a winze from the present 
3,875 ft. level to the 6,000 ft. horizon. 
It will enable the exploration of an important 
new vein, that is marked by a width of 64 ft. 
of quartz, which is believed to have good 
possibilities at depth. At the Coniaurum 
between 350 and 360 tons of ore are being 
treated per day, with millheads averaging 
about $6 to the ton. Development is being 
actively carried on on No. 2 vein, which has 
been opened up on the 850 ft. level with good 
values and a cross-cut is being run towards 
it on the 1,000 ft. level. Operations at the 
Canusa have been somewhat restricted 
owing to the shortage of power. Ore for 
the small pilot mill is being drawn from 
the 100 and 55 ft. levels, where much high 
grade ore is said to be available. It is 
proposed to increase the capacity of the 
mill to 100 tons. The shaft is being sunk 
to a depth of 600 ft. the ultimate objective 
being 1,000 ft. The Ankerite is being 
dewatered, preparatory to the resumption 
of operations, an extensive development 
programme having been planned. During 
the quarter ending September the Vipond 
recovered $115,656 in bullion from the 
treatment of 23,715 tons of ore. New ore 
has been encountered on the 500 and 600 ft. 
levels and cross-cutting at the 1,450 level 
has reached the extension of the Porcupine 
Crown vein system.

Kirkland Lake.—Bullion to the value 
of $1,781,573 was produced by six mines 
of the Kirkland Lake camp during September, 
as compared with $1,758,015 for August. 
The Lake Shore has opened up a rich ore 
deposit on the 2,200 ft. level. This is stated 
to be 66 ft. wide carrying $20 to the ton 
in gold, and other important additions to the 
ore reserves are being made. The mill is 
now treating 2,500 tons a day and in view 
of the large tonnages of ore now available 
the management is now preparing to instal 
a new unit, bringing the milling capacity 
up to 4,000 tons of ore a day. For the year 
ending August the gross earnings of Teck-

Hughes are estimated at $6,049,879, as 
compared with $5,318,033 for the previous 
year. Operating cost totalled $2,113,548, 
as against $2,185,719, which leaves a net 
profit after taxes and depreciation of 
$3,311,639, as compared with $3,051,886. 
Recent operations on the 25th to the 30th 
levels are opening up values well above 
the average mine run. Millheads from the 
ore now going to the mill range between $14 
and $15 in gold to the ton. The Wright 
Hargreaves has started work on the new 
central shaft, which will be carried down to a 
depth of 4,000 ft. and on completion the 
present two shafts will be carried down to a 
similar depth. New ore sections carrying 
high values in gold are being rapidly opened 
up, the ore at the 3,000 ft. horizon being 
wider and richer than on the levels above. 
The mill is treating from 750 to 800 tons 
daily. At the Sylvanite steady progress 
is being made with the sinking of the No. 2 
shaft, which is now down some 2,600 ft. 
No. 4 shaft is also being deepened to 1,750 ft. 
An ore zone showing values of from $15 to 
$20 has been cut on the 200 ft. level and a 
cross-cut on the 1,600 ft. level has cut 
ore stated to run $45 to the ton over drive 
widths. The Bidgood has obtained good 
results from driving on the 325, and 500 ft. 
levels, and two new' levels will be opened up. 
The Kirkland Lake gold mine is increasing 
its output, with millheads running $17 to 
the ton. New discoveries of high-grade ore 
sections have been made in the lower 
working. Work is being pushed on the 
4,100 ft. level, where the vein shows a width 
of 15 ft. and yields high assays. The drive 
into the Macassa from the adjoining Kirkland 
Lake property has encountered a vein 
showing good values which has been opened 
up for 50 ft. The Barry-Hollinger is opening 
up the 1,875 ft. level with good showings 
of high-grade ore. A winze will be sunk 
to the 2,000 ft. level to follow up the con­
tinuation of the vein.

Sudbury.—Mining activities in this field 
will be aided by the completion of the 
transmission line of the Ontario Hydro 
Electric Power Commission, which has 
arranged for a supply of electric energy 
from the Ontario Power Service Company. 
The contract of the Commission calls for 
a present supply of not more than 24,000 h.p., 
which will be sufficient to meet the require­
ments of the district. The International 
Nickel Company, in view of the restricted 
demand for nickel recently decided to curtail



294 THE MINING MAGAZINE

mining and smelting operations. Coniston 
smelter operations have been confined to 
one furnace instead of two, the work at the 
Garson mine has been restricted to one shift 
per day, and the output at the Creighton 
mine has been reduced by 50%. Normal 
shipments of matte to Port Colbourne are 
continuing. Contrary to the policy adopted 
by many other leading industrial concerns, 
in the United States and Canada, the wages 
and salaries have not been reduced during 
the present crisis. Mine and smelting 
operations at the Falconbridge continue 
on an unrestricted scale. Production for 
September averaged 357 tons of ore per day, 
the highest since the commencement of 
operations, and matte production continues 
at the rate of nearly 400 tons per month. 
Sinking on the new subsidiary shaft, for 
back filling and ventilation purposes, has 
reached a depth of about 75 ft. where further 
progress was halted by quicksand. Ore for 
smelter is being drawn from the 350 and
1,000 ft. levels. Owing to the fact that the 
company had big ore reserves blocked out, 
no attempt has been made to carry out an 
extensive development campaign this year. 
A new gold strike, regarded as important, is 
stated to have been made on a property 
owned by Dominion Explorers Ltd. near 
Stoney Portage, west of Sudbury. The 
Consolidated Mining and Smelting Company 
also owns property in this neighbourhood 
on which a wide vein showing high-grade 
ore has been opened up.

New Goldfields.—Prospecting for gold has 
been actively carried on during the season 
in various directions, resulting in the opening 
up of several new goldfields. The Mining 
Corporation of Canada Ltd., through its 
subsidiary Ashley Gold Mining Corporation 
Ltd., has taken the lead in opening up the 
Matachewan district in Northern Ontario, 
where it has secured 18 claims on which 
active development is being carried on. 
A shaft is being put down and has reached 
a depth of 250 ft. and a diamond drilling 
campaign has disclosed good commercial 
ore at depth. The Davidson property to 
the northwest of the Ashley holdings is 
opening up well. The Hilltop Gold Mines 
has optioned a number of claims and is 
carrying on exploration. Another area which 
is attracting much attention among pros­
pectors is situated near Stoney Portage 
south of Missanabie in the Algoma district 
of Ontario. The Consolidated Mining and 
Smelting Company has taken up some

40 claims on which promising veins have 
been found, a large force of men are 
engaged in exploring the property. Impor­
tant gold discoveries are reported to have been 
made at Big Timber Creek, 65 miles north­
west of Morley, Alberta, followed by a rush 
of several hundred prospectors.

Rouyn.—The Noranda is operating its 
concentrator and smelter at full capacity 
with a production of approximately $100,000 
in gold per week and copper to the value of 
about $400,000 per month. In an official 
statement by President James J. Murdock, 
it is pointed out that the precious metal 
production is being maintained at an 
approximate rate of $5,000,000 a year, 
while the sinking of Nos. 3 and 4 shafts 
an additional 500 ft., to a depth of 2,500 ft., 
and the consequent lateral work, is with the 
object of placing the company in a position 
to continue its present rate of production 
for some time. Exploration by diamond 
drilling and rising on the westerly end of 
the H. orebody, between the 100 and 400 ft. 
levels has indicated approximately 60,000 
tons of ore, averaging something over $35 
per ton in gold, and 2'4% copper. Siscoe 
Gold Mines Ltd. for September made a new 
high record with a gold production valued at 
$83,623, the average value of the ore treated 
being $16‘26. Development work has been 
followed by discoveries which have added 
to the ore reserves. The Granada Gold Mines 
is carrying the workings to greater depth, 
the winze going down on the number 2 vein 
has reached a depth of 800 ft., with a level 
established at 775 ft., on which driving 
is being done east and west on good 
grade ore.

Manitoba.—During the first six months 
of the year Manitoba moved up from ninth 
to sixth position among the Provinces in 
point of value of its mineral production. 
The output for the first six months of 1931 
was valued at $1,236,417, as compared with 
$378,950 for the corresponding period of 
1930. The increase was mainly due to the 
operation of the smelter of the Hudson Bay 
Mining and Smelting Company at Flin Flon.

Radium. -Development is being actively 
pushed by the International Radium and 
Resources, Ltd., on its property near Wilber- 
force, Ont. A small concentrator will be 
installed close to the mouth of the tunnel, 
where development is taking place, the work 
continuing to indicate a deposit of uraninite 
ore from which radium can be recovered 
in commercial quantities.
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V A N CO U V ER
October 6.

Placer Mining Opportunities in B.C.
—In view of the revival of interest in placers 
in British Columbia, a special report that 
has just been issued by the Provincial 
Department of Mines reviewing conditions 
and indicating the opportunities that still 
exist for this form of gold mining, is particu­
larly timely. Prospecting this year has been 
more than usually active consequent on the 
general lack of employment, and while no 
new discoveries of major importance have 
been made, a considerable amount of gold 
in the aggregate has been won by prospectors 
working with pan and rocker in many parts 
of the Province, and especially along the 
Fraser, Thompson, Similkameen and other 
rivers, where bars which have been unworked 
for years have again been attacked. Placer 
mining in British Columbia, as is well known, 
dates from 1858, following the discovery of 
gold on the Thomjoson River in the preceding 
year, which led to the great influx of gold 
seekers from California and elsewhere who, 
following up the Fraser River, succeeded in 
discovering the rich Cariboo diggings. To 
date the production of placer gold amounts 
to a total value of $87,588,949, but in recent 
years the output has been quite inconsider­
able, declining in 1929 to the minimum 
level of $118,711. Last year it increased 
to $152,235 and it is expected that there 
will be a further increase in yield this year. 
As a m atter of fact a great deal of work of a 
preliminary character, such as testing, has 
been in progress in various sections of the 
Province during recent seasons, and in some 
cases productive results from these operations 
should ere long eventuate. That oppor­
tunities still exist for the discovery of 
important new fields is indicated in the reports 
of Mr. Douglas Lay, Resident Engineer of the 
North Eastern Mineral Survey District ; the 
special report by Mr. C. W. Moore on 
Cariboo, Quesnel, and Ominica Divisions, the 
appraisal of the placer resources of the 
Pacific Great Eastern Railway Lands by 
Dr. R. W. Brock, and the report by Dr. 
J. T. Mandy, Resident Engineer of the North 
Western Mineral Survey District with special 
reference to the Atlin and Dease Lake areas.

Pacific Great Eastern Railway Lands. 
—The report by Dr. Brock was made in 
connexion with a special survey of the natural 
resources of large blocks of land reserved 
for the purposes of the Pacific Great Eastern

Railway, and was undertaken jointly by the 
Government of the Province, the Canadian 
Pacific Railway and the Canadian National 
Railway. These blocks consist of what is 
known as the East Cariboo Block lying west 
of the Fraser River in the vicinity of Quesnel; 
the West Cariboo and West Lillooet Block 
lying west of the Fraser and south of the 
Chilcotin River, and the Peace River Block 
covering a large area on the Upper Peace 
and Parsnip Rivers. The East Cariboo 
Block, at least as far South as the Moffatt 
Creek basin is part of the Cariboo placer 
field, and Dr. Brock states that conditions 
in this northern portion for large accumula­
tions of placer gold are perfect, namely, 
large areas of mineralized rock and long- 
continued weathering and erosion to separate 
and concentrate the gold from vast masses of 
such rock. He adds, the mineralization 
here seems to be at least as heavy as in the 
Barkerville area, and the old maturity of 
the topography is a witness to the great 
amount of erosion. Dr. Brock points out 
that the bulk of production from the Cariboo 
to date has been from the creeks within a 
few miles of Barkerville ; but this must 
not be taken to prove that these creeks 
contain more gold than all others, but only 
that the gold was easier to discover and 
extract. Indeed, that rich concentrations 
were not confined to Barkerville was demon­
strated when in 1921 what was perhaps the 
richest small patch of ground ever found 
in the Cariboo was discovered near the head 
of Cedar Creek, just outside the northern 
boundary of but in the same placer area as 
the East Cariboo Block. In brief, the chief 
reason for the Barkerville production was 
that conditions there were simpler ; pay­
dirt was not deeply buried and could be 
reached and handled by crude methods or 
light machinery. The creeks were worked 
down-stream until the overburden became 
too heavy for such methods and work was 
discontinued. To-day conditions are 
improved, for the railway and good motor- 
roads have reduced costs and permit heavy 
modern machinery to be brought in, so that 
what was impossible to undertake in pioneer 
days may now be feasible and profitable. 
However, except in the Cariboo mountains, 
where local glaciers have probably removed 
the old gold-bearing Tertiary gravels, 
natural conditions in the East Cariboo Block 
are much more complex than in the Barker­
ville area. A further complication lies in the 
alteration in the drainage line. Some
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changes were produced as the result of 
glacial damming, either temporarily by ice 
itself or by its deposits. This switching of 
drainage, Dr. Brock states, is the most 
striking physiographic phenomenon of the 
area and it signifies that there are a great 
many old channels to be located. Since the 
conditions described are different from those 
in any other known placer field, in order to 
discover and trace many of these old channels, 
highly detailed, refined geological study is 
necessary. Dr. Brock nevertheless considers 
that the placer potentialities of the area 
are very considerable and, after making due 
allowances for all adverse factors, remarks 
that there must be a great deal of ground 
that could be profitably handled and might 
support large enterprises over a long period 
of time. For these to be successful, however, 
work must be undertaken in a scientific and 
business-like manner. What is first required 
is intensive geological study, followed by 
geophysical testing to determine the old 
channels, followed by a determination of the 
distribution of gold in them by drilling, and 
other methods of testing, together with a 
determination of the quantity and distribu­
tion of available water. The precise engin­
eering problem to be solved would thereby 
be outlined. It is believed that efficient 
exploration of this kind, despite its cost, 
could easily be justified by the expectation 
of subsequent mining operations on a large 
scale, provided it were undertaken by an 
organization that owned or controlled the 
rights to a sufficiently large area of productive 
ground. In brief, the maximum chance of 
success and the maximum recovery would 
appear to depend on large-scale operations. 
There also appear to be interesting possi­
bilities in the West Cariboo and West 
Lillooet Blocks. Between 1857 and 1859 
the gold-bearing bars and benches of the 
Fraser yielded, it is estimated, $1,700,000, 
and subsequent mining brought the total 
up to at least $4,000,000. These bars have 
been worked by skimming, for water and 
other difficulties have discouraged bedrock 
mining from which the greatest values 
might be expected. Dr. G. M. Dawson 
pointed out that throughout its long history 
the Fraser has acted as a great ground 
sluice, separating the precious metal from 
the gold-bearing rock debris that it has 
carried seaward. Dr. Brock remarks 
that bedrock can be seen at many points, 
so that by a careful study of the problem 
of engineering, a successful method might

be devised of exploiting the bedrock gravels. 
He considers that the gold possibilities 
fully warrant such a study. Moreover, 
many of the bench deposits have never been 
touched and afford opportunity therefore 
for hydraulicking enterprises.

Atlin District.—Concerning possibilities 
for increased gold production from the Atlin 
district, Dr. J. T. Mandy, Resident Engineer 
for the North Western Mineral Survey 
District, is most sanguine. There was indeed 
an increase of output in 1930 as compared 
with the 1929 years and this year a further 
increase will be recorded. Dr. Mandy 
however, considers that the section has not 
yet received the attention it warrants. Even 
from the present known gold-bearing area 
a substantially increased production is not 
only possible, but latent potentialities remain 
unexploited, and “ these possibilities may 
produce a greater quantity of gold in the 
future than has been won from this area in 
the Bonanza days of the past.” Thus it is 
suggested that west and east of the divide 
between the Surprise Lake and Gladys Lake 
drainage basins, over a length of about 60 
miles, numerous creek-troughs would seem 
to warrant intensive investigation for virgin 
deposits of both shallow rich ground 
tractable to the individual operator and 
deeper ground suitable for drifting or 
hydraulic operations. In this respect the 
drainage area of Consolation Creek, Lincoln 
(Chehalis) Creek, Zenazie Creek, and the 
numerous creeks draining easterly into 
Sucker River are worthy of particular 
mention. All these drain from the easterly 
side of a divide on the westerly side of which 
are the numerous creeks known to be gold 
bearing. As geological and erosional 
conditions on both sides of this divide are 
similar, it is logical to assume tha t the 
gold-bearing potentialities of the creeks on 
the west of the divide may possibly be 
duplicated in those on the east side. The 
same reasoning would apply to the creeks, 
and those of the upper reaches of the 
O’Donnel River. Some of this area has 
received cursory prospecting only, and its 
systematic investigation, particularly with 
regard to possible hydraulic operations, 
would seem to be warranted. In the known 
gold-bearing creeks, operations subsequent 
to those of the old-timers have been continued 
in drifting and hydraulicking in the bench 
and deeper ground with some shovelling from 
remaining virgin patches in the creeks, 
and in some cases the re-working of old
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tailings. I his practically embraces the 
activity of recent years, with its confine­
ment to the originally prospected area. 
Considering that the greatly improved 
transport facilities into this area have made 
the outlying territory easily accessible, it 
is unfortunate that no serious consideration 
or effort has been given to the possibilities 
for important placer-gold discoveries in 
likely new sections.

Prem ium  on Gold.—The fall in Canadian 
exchange in New York has had the effect of 
benefitting those of our mining industries 
which are marketing their product in part 
or entirely in the United States. In particular 
the gold mines have derived advantage. 
No embargo has been placed on the export 
of gold at the time of writing,1 but in the 
East, the Ottawa Mint is purchasing Canadian 
gold in terms of the American dollar, less 
a small deduction to cover express charges 
from Ottawa to New York. For the present, 
however, the premium is not payable on 
gold deposited with the Dominion Assay 
Office in Vancouver and consequently the 
gold now being produced in British Columbia 
and the Yukon has been diverted to Seattle. 
The gold normally consigned to the Van­
couver Assay Office is as a rule in small 
parcels with the exception of the periodical 
shipment of the Consolidated and the Pioneer, 
but these consignments in the aggregate 
amount to a considerable quantity in the 
course of the year.

Coast District.—On Phillips Arm 
development work is proceeding with very 
encouraging results on a small gold property 
known as the Alexandria. The ore is pyrite 
in a gangue of quartz and carries fair values 
—from §8 to $12 in gold. The two- 
compartment shaft has now been sunk to a 
depth of 275 ft. and driving in progress on 
the 100-ft. level has already demonstrated 
that the vein here is considerably longer 
than on the upper horizon. The ore shoot 
which is being followed is about 6 ft. wide 
and averages $12 in gold. It is understood 
that negotiations are in progress for the 
acquisition of the property by one of the 
larger operating companies. Production on 
a curtailed schedule is being maintained from 
the Britannia at Howe Sound. The company 
is conserving so far as possible its higher- 
grade ore-reserves and is drawing mainly 
broken ore of a lower grade. As a result 
of some improvements in milling practice

1 T he em bargo becam e effective on O ctober 19, 
a fte r  th is  le tte r  was w ritten .

as well as of well-co-ordinated effort to 
reduce costs to the minimum the Britannia 
now ranks among the low-cost copper- 
producing mines of the Continent. Although 
an American-controlled company the policy 
that has been persistently followed has aimed 
at insuring that a maximum benefit from 
the operation shall be derived by Canadians. 
Thus so far as possible not only are all 
materials and supplies used by the company 
purchased in this country, but most of the 
members of the technical staff are Canadians. 
The Mine Superintendent is Mr. C. V. 
Brennan, a graduate of McGill and practically 
all his engineering subordinates are graduates 
of the University of British Columbia.

Portland Canal.—There has been some 
revival of mining activity in this district 
of late. Two new promising prospects are 
now under development, one having been 
optioned to the Premier Gold Mining Co. 
This is known as the Salmon Gold Group 
and is situated on the west side of Summit 
Lake at the divide between the Salmon 
River and Nass River drainage basins. 
Here there are three siliceous replacement- 
zones in augite-porphyrite, heavily 
mineralized with massive pyrrhotite, 
associated with some pyrite, chalcopyrite, 
zinc-blende, and galena, and carrying fair 
values in gold. Some assays have given as 
high as 2-68 oz. to the ton. While milling 
has been suspended at the Big Missouri, 
mine development is being continued. The 
mill was installed essentially for the purpose 
of bulk sampling, and the cessation of work 
may merely imply that this object has now 
been achieved. The last report of the 
Consolidated Mining and Smelting Co. 
stated that commercial ore over mineable 
widths had been indicated by diamond 
drilling, and it is quite possible that the 
property may develop into a profitable 
low-grade large tonnage operation. It is 
meanwhile to be noted that arrangements 
have been made for the resumption of 
development operations on the Georgia 
River Gold Mines. The work was suspended 
on account of lack of funds last year although 
the results up to that time had proved 
encouraging. If  the next stage of develop­
ment realizes the expectations of the 
company, the erection of a mill may be jus­
tified.

Bridge River.—Activity in this district 
is particularly marked. The Bralome Mines, 
Ltd., operating the Lorne mine, decided this 
month to proceed with the installation of
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a 100-ton mill, the machinery for which 
has been purchased from the Dun well Co., 
whose mill at Stewart, after being in opera­
tion for only a short time, has been idle 
since 1928. The Bridge River Exploration, 
Ltd., has acquired the Shepherd-Wihksne 
Group of claims, which are said to be 
promising, and a placer operation of some 
magnitude is being undertaken by Lower 
Bridge River Placers, Ltd., which has 
acquired five bench leases and several creek 
leases on the Bridge River, about five miles 
below Horseshoe bend. Reporting on this 
operation the District Resident Engineer 
states that on the north or inner side of-the 
wide sweep taken by the river there is a 
large accumulation of tailings from old-time 
operations along a lower bench reaching to a 
height of about 40 ft. above the stream.

Trail.—With the exception of gold the 
production of the Consolidated Mining and 
Smelting Co. during the third quarter of 
the present year showed a considerable 
decline as compared with the returns for the 
corresponding period of 1930. Production 
for this quarter amounted to : Gold, 6,065 
oz. ; lead, 30,962 tons ; zinc, 24,059 tons ; 
copper, 143 tons ; and silver, 1,721,504 oz.

PERSONAL
H. F o s t e r  B a in  has resigned his position  as 

secre tary  of th e  A m erican In s titu te  of Mining and  
M etallurgical Engineers and  will be succeeded by 
A. B . P a r s o n s .

B. S. W . Buffam  has left O ntario  for Buffalo.
E . W . B y rd e  is re tu rn ing  from  Nigeria.
J . M. C a l l o w  and  M. J. C a l l o w  have re tu rn ed  

from  Queensland.
G. W . C a m p io n  has left for W est Africa.
O s c a r  S. D a w b a r n  is hom e from  th e  S tra its 

Settlem ents.
B. C. W . G u l l a c h s e n  is  hom e from  Norw ay.
J . A. L. H e n d e r s o n  is hom e from  Canada.
A. N. L u c i e -S m ith  has left for Venezuela.
G. R . M a t t h e w s  has re tu rn ed  from  Nigeria.
J a m e s  P a r k  has resigned his post as D ean of 

th e  Mining F acu lty  and  Professor of Mining Geology 
in th e  U n iversity  of Otago.

F . W . P a yn e  has left for A ustra lia .
T. P en h a le  is re tu rn in g  from  Nigeria.
T h o m a s  P r y o r  has left for India.
W . E . S i n c l a ir  is leaving for South  Africa.
J. FI. S o u t h w o o d  h av in g  re tu rn ed  from  N igeria 

is proceeding to  S ierra Leone.
W . E. T h o r n e  has re tu rn ed  from  C entral 

A m erica.
W . R. T r e t h e w a y  is leaving for Brazil.
A. H . E . T u r n e r  is hom e from  W est Africa.
K . S. T w it c h e l l  is on a  v isit to  A rabia.
L o u is  A. W r ig h t  is v isiting South and  C entral 

Africa.

TRADE PARAGRAPHS
A u s t in  H oy  a n d  C o.,  L td . ,  of B ush  House, 

London, W .C. 2, d raw  a tte n tio n  to  th e ir  coal c u tte r  
gibs and  chains, concerning w hich th e y  issue tw o 
leaflets w hich are  fu lly  descrip tive.

B u r e a u  o f  I n f o r m a t i o n  on N ic k e l  of  th e  
M o n d  N ic k e l  Co.,  L td . ,  Im peria l Chemical House, 
M illbank, London, S.W. 1, publish  a  fu r th e r  bulletin  
devoted  to  nickel-copper alloy condenser tubes, 
which con ta ins exam ples of th e ir  applications.

G. A. H a r v e y  an d  Co. (L o n d o n ) ,  L td . ,  of 
W oolwich R oad, L ondon, S.E. 7, issue a  pocket 
ed ition  of th e  catalogue of th e ir  p roducts . This 
covers 140 pages, and  includes reference to  sheet- 
m eta l m an u fac tu re  and  w oven-w ire w ork  of all 
descriptions.

W e s t in g h o u s e  E le c t r i c  I n t e r n a t i o n a l  Co.,  of 
2, N orfolk S treet, L ondon, W .C. 2 (H ead Office : 
New Y ork), pub lish  a catalogue describ ing carbon 
c ircu it b reak ers w hich is fu lly  in fo rm ative  as to  
th e ir  use. T hey  also issue a  leaflet giving particu lars 
of a  new  ty p e  of con tactor.

H o p k in s o n s ,  Ltd. ,  of H uddersfield , send us a 
new catalogue of th e ir  paralle l slide valve which 
is su itab le  fo r use in  p ipe system s w he ther for 
s team , boiler-feed w a te r  or cold w a ter, a ir, o r oil. 
T hey  are m ade in  e ith e r cas t iron  o r steel depending 
on th e  p ressures to  be w ithstood .

A d a m  H i lg e r ,  Ltd. ,  of 24, R ochester Place, 
L ondon, N .W .l, pub lish  B u lle tin  No. 3 d a ted  
Ju ne , 1931, on th e  sub jec t of spec trum  analysis. 
T h is deals w ith  ap p licatio n s of these  m ethods to  
m ineralogy, chem istry , and  m eta llu rg y  and  cites 
references to  th e  w ork of various au th o ritie s.

B r i t i s h  J e f f r e y - D i a m o n d ,  L td . ,  of S tennard  
W orks, W akefield, send o u t a  leafle t giving 
particu lars of th e ir  p roducts , m ainly  of in te res t to  
coal m iners, w hich include conveyors, gate-end 
loaders, storage b a tte ry  and  tro lley  locom otives, 
sw itchgear and  com pressed-air an d  electric  m ining 
m otors.

E d g a r  A l le n  a n d  C o.,  L td . ,  of Sheffield, 
announce th a t  th e y  have  received a co n trac t for 
th e  supp ly  and  erec tion  of a  com plete P o rtlan d  
cem ent p lan t, w hich  w ill be s itu a te d  in  Sussex. 
T he facto ry  is designed for an  u ltim a te  capac ity  of
180,000 to n s p er annum , an d  will com prise th ree  
u n its  of 60,000 to ns, th e  first of w hich is now being 
installed^ T he equ ipm en t is to  include recu perato r 
ty p e  ro ta ry  kiln , R exm an  balanced  rod-m ills and 
th e  Fu ller-K inyon cem ent conveying equipm en t.

L e e d s  a n d  N o r t h r u p  C o.,  of Ph ilade lph ia , Pa. 
(agents for th e  B ritish  Isles T he In te rg ra  Co., L td ., 
183, B road S treet, B irm ingham ), publish  a  catalogue 
covering 45 pages, w hich  is fu lly  illu s tra te d  and 
descrip tive  of th e ir  M icrom ax im proved p o ten tio ­
m ete r  p y ro m eter. This is m ade in  a  n u m b er of 
ranges an d  ty p es  an d  includes those  for au tom atic  
recording an d  au to m a tic  tem p e ra tu re  control. 
D etails are given of th e  w orking of th e  different 
in stru m en ts  and  of th e  necessary  auxiliaries such 
as therm o-couples.

A tla s  D i e s e l  C o .,  Ltd. ,  of New O xford House, 
H a r t  S treet, London, W .C. 1, announce  th a t  th e ir  
w orks a t  S tockholm  have g ran ted  a m an u factu ring  
licence for th e  “ P o la r ” tw o-cycle airless in jection  
Diesel engine to  B r i t i s h  A u x i l i a r i e s ,  L t d . ,of H elen  
S treet, Govan, Glasgow. The la t te r  com pany, w hich
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was form erly know n as th e  F ia t B ritish  Auxiliaries, 
L td ., has been reconstructed  and  will m anufacture 
B ritish  “ Po lar ” engines of th e  various types and 
sizes which will, however, continue to  be sold 
th rough  th e  existing  selling organization.

H o l m a n  B r o s . ,  Ltd. ,  of Cam borne, draw  
a tte n tio n  to  th e  fa c t th a t  th e  s ta tis tic s  issued 
w ith  th e  an n u al report of th e  G overnm ent Mining 
E ngineer in  th e  U nion  of South A frica disclose 
th a t  a t  th e  end of Decem ber, 1930, th e  firm had  
the  largest num ber of rock-drills em ployed on th e  
gold m ines—2,999. In  o th er words, for th e  first 
tim e in  th e  h is to ry  of th e  R and  a B ritish  firm was 
in  th e  position  to  claim  th a t  i t  headed th e  lis t of 
suppliers of rock-drills to  th e  g rea tes t goldfield in 
the  world. T his is an  ach ievem ent upon w hich all 
concerned are  to  be h e a r tily  congratu la ted , and  it  
is th e  m ore n o tew orthy  a t  a tim e  w hen B ritish  
m anufacturers are ad m itted ly  hav in g  a h ard  fight 
to  m ain ta in  th e ir  p o sition  in  th e  w orld’s m arkets.

M in e  a n d  S m e l t e r  S u p p ly  Co. (Marcy 
Mill Division) of D enver, Colorado, publish new 
catalogues devoted  to  M arcy ball-m ills and  rod- 
mills. B o th  these p roducts are too  w idely known 
to  need an y  special description. The catalogue 
recalls th e  early  te s ts  carried  o u t in  1917 to  prove 
the  efficiency of th is  ty p e  of mill, which was done 
a t  th e  In sp ira tio n  Consolidated Copper C om pany’s 
p roperty . T he m ill was first in troduced, however, 
a t  th e  U tah  Copper Co. and la te r  a t  th e  Magma 
Copper Co., w here was installed  th e  largest tonnage 
ball-m illing p lan t in th e  world. T here followed 
the  insta lla tion  a t  B raden, K ennecott, Arizona- 
Hercules, R ay-H ercules, The U nited S tates Sm elting 
and Refining Co., and a num ber of o thers. W hile the  
Marcy mill is perhaps n o t so well known outside 
the  U nited  S ta tes and C anada it is finding its way 
to  o th er p a r ts  of th e  world and is included in th e  
mill of th e  R oan Antelope mine, as was indicated 
in th e  article  published in th e  M a g a z in e  for 
N ovem ber, 1930. M arcy rod-m ills it is s ta ted  
have th e ir  principal application  in  th e  paper 
industry , where th e y  are used for reducing pulp.

METAL MARKETS
C o p p e r .—The tendency of the  S tandard  Copper 

m arke t in London was ra th e r  firmer during October, 
values recording a m oderate advance, b u t th is  was 
possibly p a rtly  due to  th e  m ovem ent of sterling 
exchange, th e  ¿  w eakening from  3-92-3-95 a t  the  
beginning of th e  m onth  to  3-84-3-86 a t  th e  close. 
The A m erican quo ta tio n  for electro was steady 
a t  7-25 cents per lb. f.a.s. In d u stria l dem and 
everywhere was ra th e r subdued and  th e  m arket 
was inclined to  aw ait th e  outcom e of th e  New Y ork 
copper conference w hich comm enced, a t  least 
unofficially, in  th e  closing days of October. Some 
producers were in favour of a fu rth er heavy  o u tp u t 
"  c u t.”

Average price of S tandard  Cash Copper : October, 
1931, ¿3$ Os. Id. ; Septem ber, 1931, ¿31 11s. Id . ; 
October, 1930, ¿43 Is. 5d. ; Septem ber, 1930, 
¿46 6s.

T i n .— Standard  Cash T in values in London 
hardened from  th e  neighbourhood of ¿120 a t  the  
beginning of O ctober to  ab o u t ¿131 on October 15, 
b u t subsequen tly  reacted  to  ¿127. In  America the  
q u o ta tio n  advanced  from  22-25 cen ts to  23-37| 
cents, subsequently  receding to  22-874 cents. 
Consum ption rem ained subdued, b u t hopes are 
held th a t  a t  las t th e  m easures tak en  by producers 
will soon m ake them selves evident in th e  sta tistica l

position. Surplus stocks are of course heavy  and 
some considerable tim e will have to  elapse in any  
circum stances before these  can be drastically  
reduced.

Average price of Cash Standard  T in : October, 
1931, ¿127 0s. 9d. ; Septem ber, 1931, ¿117 17s. lOd. ; 
October, 1930, ¿117 11s. I d . ;  Septem ber, 1930, 
¿132 14s.

L e a d .—The m ark e t opened weak on O ctober 1, 
b u t th is  was m ainly owing to  "  jum py  ” sentim ent, 
connected w ith  uncertain  exchange m ovem ents, 
and  prices subsequently  im proved som ewhat. 
Business, however, was no t too good, a p a r t  from  
certain  outle ts in th is country , and both  C ontinental 
and  Am erican advices were gloomy. The Am erican 
quo tation  receded from 4-40 cents to  4-00 cents per 
lb. during th e  m onth  and conditions in th e  lead 
consum ing trades on th e  o ther side of th e  A tlantic  
are reported  to  have tak en  a fu rther tu rn  for th e  
worse. The outlook is very  uncertain , dependent 
as it is on exchange considerations and fu rther 
developm ents in th e  in ternational political situation, 
b u t there  is an  encouraging undercurren t of 
optim ism  in  th e  m arket.

Average m ean price of soft foreign lead : October, 
1931, ¿13 4s. l id .  ; Septem ber, 1931, ¿11 19s. 6d. ; 
October, 1930, ¿15 14s. 2d. ; Septem ber, 1930, 
¿17 17s.

S p e l t e r .— This m arket m anifested a m oderately 
firm tone th roughou t October, despite only a 
m oderately  active  dem and, and  was surprised 
tow ards th e  close by an  announcem ent th a t  the  
Zinc Cartel had  decided to  curta il o u tp u t by  a 
fu rther 5% as from  Decem ber 1 as stocks during 
Septem ber h ad  increased by  1,000 tons. The stocks 
held by  th e  C arte l’s m em bers now am ount to  abou t
197,000 tons— a p re tty  form idable to ta l and despite 
th e  drastic  ou tpu t-reduction  measures which have 
been tak en  it would be rash to  look for any  early  
sta tis tica l im provem ent.

Average m ean price of spelter : October, 1931,
¿12 19s. 5d. ; Septem ber, 1931, ¿11 16s. 4d. ; 
October, 1930, ¿14 13s. 9 d . ; Septem ber, 1930, 
¿15 18s. 5d.

I r o n  & S t e e l .— The B ritish pig-iron m arket 
benefited during October from th e  depreciation 
in sterling, which resulted  in a revival of trad ing  
confidence and  industria l dem and so th a t  m akers 
were able to  encroach heavily on their substan tia l 
surplus stocks. Cleveland m inim um  prices, how ­
ever, were m ain tained  w ith No. 3 G.M.B. quoted  a t  
58s. 6d. H em atite  firmed up, E as t Coast Mixed 
Num bers being dealt in  tow ards th e  close of 
October around  65s. O u tp u t is still on a restric ted  
scale, b u t  should th e  business im provem ent 
continue m ore furnaces will probably  be blown in. 
As regards iron and  steel, B ritish mills do no t 
appear to  have secured very  m uch benefit so far, 
b u t th e  situation  m ay  be changed in th e ir favour 
if th e  N ational G overnm ent decides to  give th e  
industry  p ro tective  tariffs. The C ontinental steel 
m arket has rem ained dull and  sluggish on th e  whole, 
the  world trad e  position  having undergone no 
im provem ent a t  all.

I r o n  O r e .—A lthough the  pig-iron position in 
th is coun try  has im proved som ew hat since the  
suspension of the  gold s tan d ard  there  has been no 
corresponding expansion in th e  dem and for iron 
ore, m ost ironm asters hav ing  p len ty  of ore on 
con tract. Prices are som ew hat nom inal on th e  basis 
of ab o u t 17s. per to n  c.i.f. for best Bilbao rubio.

A n t i m o n y .— A t th e  close of October English 
regulus was realizing betw een ¿40 and  ¿42 10s. per 
ton  whilst Chinese m eta l was du ll around ¿25 10s.
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LONDON D A IL Y  M ETA L PR IC E S .
Copper, Tin, Zinc, and Lead per Long Ton ; Silver per Standard Ounce ; Gold per Fine Ounce.

COPPER. TIN.
ZINC

(Spelter).

LEAD. SILVER.

GOLD.S t a n d a r d .

hs.
E l e c t r o ­

l y t ic .
B e s t

S e l e c t e d ,
S o f t

F o r e i g n . E n g l i s h . Cash. For­
w a rd .

Cash. 3 Mont Cash. 3 Months.

Oct. £ s . d . C s. d . £ s. d . £ s. d . £ s. d . £ s. d . £ s. d. £ s. d . £ s. d . d . d . s. d.
12 34 16 3 35 16 3 41 7 6 — 129 5 0 131 7 6 12 17 6 13 5 0 14 15 0 17* 17* 106 9
13 35 16 3 36 15 7* 42 0 0 38 10 0 130 6 3 132 7 0 13 0 0 13 10 0 15 0 0 17* 17* 1C6 6
14 35 11 3 36 6 10* 42 0 0 — 130 17 6 132 16 3 12 16 3 13 7 6 15 0 0 17* 17? 106 6
15 34 18 9 35 13 9 42 0 0 — 131 2 6 133 6 3 12 10 0 13 5 0 14 15 0 17 17* 106 6
16 34 16 10* 35 13 1* 41 0 0 37 10 0 131 0 0 133 2 6 12 8 9 13 3 9 14 15 0 17-t 17* 106 11
19 35 11 10* 36 7 6 41 0 0 — 128 8 9 130 17 6 13 0 0 13 5 0 14 15 0 17 | 17.Î 106 8
20 35 15 0 36 6 104 41 0 0 37 10 0 127 3 9 129 11 3 13 0 0 13 6 3 14 15 0 17* 17* 105 9
21 35 13 9 36 8 9 41 0 0 — 127 13 9 130 3 9 13 2 6 13 7 6 14 15 0 16* 17 104 8
22 35 16 10* 36 11 10* 42 0 0 — 127 3 9 129 15 0 13 0 0 13 7 6 14 15 0 16 tt 16« 104 6
23 36 8 9 37 4 4* 42 0 0 38 5 0 126 11 3 129 3 9 13 0 0 13 8 9 14 15 0 1 7* 17? 105 8
26 36 13 1* 37 8 1* 42 0 . 0 — 126 15 0 129 8 9 13 1 3 13 7 6 14 15 0 17* 17* 105 3
27 35 19 4* 36 15 0 42 0 0 38 0 0 127 3 9 129 16 3 13 0 0 13 7 6 14 15 0 17* 17* 105 9
28 36 0 7* 36 15 7* 42 0 0 — 127 5 0 129 13 9 13 8 9 13 10 0 15 0 0 17* 17* 105 9
29 35 15 74 36 11 3 42 5 0 — 126 15 0 129 3 9 13 6 3 13 8 9 15 0 0 171 17* 106 8
30 35 0 7* 35 11 3 41 10 0 37 5 0 127 3 9 129 11 3 13 2 6 13 8 9 15 0 0 17« 17« 107 3

Nov.
2 35 8 9 36 2 6 42 5 0 — 127 10 0 129 13 9 13 7 6 13 10 0 15 0 0 18* 1 8* 108 2
3 36 3 9 36 18 9 43 0 0 37 10 0 129 7 6 131 7 6 13 8 9 13 15 0 15 5 0 19* 19* 111 5
4 35 15 0 36 6 10* 42 0 0 — 128 2 6 130 3 9 13 3 9 13 11 3 15 0 0 18* 18 | 110 3
5 36 15 7* 37 8 14 43 0 0 — 128 13 9 130 16 3 13 7 6 13 17 6 15 5 0 1 9* 1 9* 110 3
6 37 8 9 37 19 4* 43 0 0 38 5 0 130 2 6 132 3 9 13 15 0 14 10 0 16 0 0 20* 20* 109 4
9 38 11 3 39 3 9 44 0 0 — 132 16 3 134 16 3 14 2 6 15 0 0 16 10 0 21* 20« 109 3

10 39 3 1* 39 15 74 44 0 0 40 0 0 134 11 3 136 11 3 14 3 9 15 1 3 16 10 0 21* 20f 108 9

to  ¿26 ex w arehouse for spo t an d  ¿25 5s. c.i.f. for 
sh ipm en t from  China.

A r s e n i c .— Cornish w hite continues in very  short 
supply, w ith  prices nom inally  ab o u t ¿23 pe r to n  
f.o.r. m ines. M exican rem ains nom inal.

B i s m u t h .— The official price has been advanced 
to  6s. 4d. pe r lb. for 5 cwt. lo ts and  over, a  fair 
dem and  being w itnessed a t  th e  h igher figure.

C a d m i u m .— C urrent q uo tations a re  ab o u t 2s. 2d. 
to  2s. 3d. p e r  lb ., according to  q u an tity .

C o b a l t  M e t a l .— L eading in terests continue to  
quote  3-75 dollars per kilo, business being only 
m oderate.

C o b a l t  O x i d e s .— Q uotations rem ain  on a  gold 
basis a t  a b o u t 4s. per lb. for b lack  and  4s. 9d. 
for grey.

C h r o m i u m  M e t a l .— A  f a i r  d e m a n d  i s  m a i n t a i n e d  
b y  t h e  p l a t i n g  t r a d e  a t  a b o u t  3 s .  I d .  p e r  l b .

T a n t a l u m .— Prices a re  nom inal owing to  th e  
scarcity  of business, som ewhere ab ou t ¿30 to  ¿35 
p er lb. being th e  p resen t value.

P l a t i n u m .— D uring O ctober a  new com pany—  
Consolidated P la tinum s L td .— was form ed by  th e  
leading p la tinum  producers for th e  a llocation  of 
sales on a  q u o ta  basis. Prices s tan d  a t  ¿9 14s. 
to  ¿10 p er oz. for refined m etal, b u t business has 
n o t im proved.

P a l l a d i u m .— C urrent q uo tations a re  ab o u t 
¿4 10s. to  ¿5 p er oz.

I r i d i u m .— D em and has been sm all, b u t prices 
a re  fairly  s tead y  a t  ab o u t ¿22 to  ¿24 per oz. for 
sponge and  powder.

O s m i u m .— A bout ¿15 10s. to  ¿16 per oz. is nam ed 
for th is  m etal.

T e l l u r i u m .— T here is no business passing and 
prices a re  qu ite  nom inal.

S e l e n i u m .— Since th e  abandonm en t of th e  gold 
s tan d ard  quo tations are only m ade against enquiries, 
b u t values a re  fairly  steady  a t  ab o u t 7s. 8d. to  
7s. 9d. (gold) p er lb.

M a n g a n e s e  O r e .— In d ian  producers have  been 
a little  m ore willing to  sell recently  and  some sm all 
parcels have  changed hands. Prices a re  steady  
a t  ab o u t 1 0 |d . to  10-|d. per u n it c.i.f. for best 
In d ian  ore an d  9d. to  9 jd . c.i.f. for washed Caucasian.

A l u m i n i u m .— D uring O ctober th e  E uropean  
a lum inium  consortium  was renew ed an d  extended 
to  em brace C anadian  producers. T he con tro l of 
th e  body has now been vested  in a  new com pany 
sty led  Alliance A lum inium  C om pagnie A.G., 
incorporated  in Sw itzerland. Prices have  u nder­
gone no change, being ¿95 (sterling) delivered in 
th is  co u n try  an d  ¿85 (gold) or 2144 Swiss francs 
on th e  in te rn a tio n a l m arket.

S u l p h a t e  o f  C o p p e r .— C urren t q u o tatio n s for 
English m ateria l a re  a b o u t ¿18 to  ¿18 10s. per 
ton , less 5% .

N i c k e l .— D em and is n o t b risk  and  m akers hold 
large stocks. Prices s tan d  a t  ¿215 to  ¿220 per ton, 
according to  q u an tity .

C h r o m e  O r e .— Q uotations a re  nom inally  80s. 
per to n  c.i.f. for good 48%  R hodesian  and  95s. 
to  100s. c.i.f. for 55 to  57% New C aledonian, b u t 
these figures a re  sub ject to  add itions occasioned 
by exchange differences.

Q u i c k s i l v e r .— The official price of M ercurio 
E uropeo, th e  Italo -S pan ish  cartel, is now 80 dollars 
per flask f.o.b. Spanish or I ta lian  p o rt or frontier, 
th e  spo t price in th is  c o u n try  being ab o u t ¿20 5s. 
to  ¿20 10s. net.

T u n g s t e n  O r e .— D em and has rem ained  very  slow 
and  prices on balance a re  som ew hat easier, abou t 
14s. 6d. p er u n it represen ting  th e  c u rren t value of 
Chinese ore.

M o l y b d e n u m  O r e .— Prices a re  ra th e r  nom inal 
betw een 37s. 6d. and  42s. 6d. pe r u n it c.i.f. for 
80 to  85%  concen tra tes.

G r a p h i t e .— D em and continues qu ie t w ith  prices 
a round  ¿15 to  ¿16 p er to n  c.i.f. for 85 to  90% raw  
M adagascar flake an d  ¿16 to  ¿17 c.i.f. for 90% 
Ceylon lum ps.

S i l v e r .— Q uotations have  flu ctu ated  in  a som e­
w hat erra tic  m anner during  th e  p a s t m on th , b u t 
on balance are  firmer. On O ctober 1 spo t bars 
stood a t  15Ifd . and  desp ite  some fa irly  free offerings 
from  China rose to  17gd. on O ctober 19 on In d ian  
bear covering. Tow ards th e  end of th e  m o n th  
In d ia  again  featu red  as a  good b uyer an d  on 
O ctober 31 spo t bars closed a t  18rsgd.
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STATISTICS
PRODUCTION OF GOLD IN THE TRANSVAAL.

R a n d .
E l s e ­

w h e r e . T o t a l .

Oz. Oz.
October, 1930 .................. 884,632 41,929 926,561November ...................... 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 pril................................... 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 ly .................................... 872,198 44,645 916,843
August................................ 870,822 45,603 916,425
September ......................... 872,053 43,971 916,024
October ............................ 900,353 44,700 945,113

TRANSVAAL GOLD OUTPUTS.

S e p t e m b e r . o o H o BER.

Treated
Tons.

Yield
Oz.*

Treated
Tons.

Yield
Oz.

Brakpan ........................ 96,500 £148,560 104,000 £156,075
City Deep .................... 77,000 20,013 81,000 20,696
Cons. Main Reef . . . . . . 66,300 22,503 67,000 22,828
Crown Mines.................. 264,000 83,436 271,000 84,087
DTb’n Roodepoort Deep 46,800 15,109 49,000 15,628
East G ed u ld ................. 42,000 £44,626 45,000 12,608
East Rand P.M.............. 156,000 41,743 160,500 42,746
Geduld............................ 84,200 26,881 86,500 27,674
Geldenhuis D eep.......... 72,500 16,941 74,500 17,524
Glynn’s Lydenburg . . . 6,100 2,594 6,400 2,665
Government G.M. Areas 203,000 £403,979 210,000 £415,823
Kleinfontein ................ 49,200 9,955 52,100 9,925
Langlaagte Estate . . . . 82,000 £112,656 84,000 £114,804
Luipaard’s V le i............ 30,500 £32,833 32,000 7,998
Meyer and Charlton . . . 17,600 £17,767 18,300 £19,569
Modderfontein N ew .. . . 164,000 65,014 170,000 67,738
Modderfontein B ........ 74,000 22,103 76,000 22,938
Modderfontein Deep .. 44,200 21,976 46,000 22,788
Modderfontein East . .. 72,500 21,518 75,000 21,731
New State Areas . . . . 83,000 £171,364 87,000 £183,277
Nourse .......................... 70,000 21,107 70,000 20,985
Randfontein ............ 230,000 £262,721 250,000 £286,180
Robinson D e e p ............ 97,500 28,140 100,000 28,625
Rose D e ep .................... 61,000 12,634 64,000 13,009
Simmer and J a c k ........ 76,800 22,183 77,300 22,695
Springs.......................... 73,000 £150,279 76,000 £152,478
Sub N igel...................... 36,000 30,198 36,500 30,567
Transvaal G.M. Estates 16,000 5,085 16,600 5,112
Van Ryn ...................... 45,000 £42,750 46,000 £44,521
Van Ryn Deep ............ 66,000 £97,889 67,000 £97,420
West Rand Consolidated 91,500 £103,601 94,500 £106,502
West Springs................ 72,400 £74,450 76,500 £78,078
Witw’tersr’nd (Knights) 62,000 £52,895 64,000 £54,706
Witwatersrand Deep . . 36,800 11,694 37,100 11,594

* Values in S.A. currency.

COST AND PROFIT ON THE RAND, Etc.

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

Tons
milled.

Yield 
per ton.

Work’g 
cost 

per ton.

Work’g 
profit 

per ton.

Total
working
profit.

s. d. s. d. s. d. £
2,706,900 28 5 19 8 8 9 1,184,107
2,693,100 28 3 19 6 8 9 1,174,828
2.653,250 23 5 19 8 8 9 1,160,430
2,741,080 28 5 19 7 8 10 1,212,822
2,628,800 28 4 19 7 8 9 1,145,097
2,661,200 28 6 19 9 8 9 1,160,548
2,721,316 28 3 19 8 8 7 1,171,456
2,481,600 28 6 20 1 8 5 1,045,980
2,718,400 28 2 19 9 8 5 1,151,017
2,592,800 28 7 20 1 8 6 1,105,711
2,751,400 27 10 19 6 8 4 1,149,105
2,698,100 28 0 19 7 8 5 1,140,399
2,771,400 27 10 19 6 8 4 1,155,466
2,799,800 27 10 19 5 8 5 1,159,382

— 1,162,355

July, 1930 . . .
August .........
September . . .  
October . . . .  
November . .  . 
December.. .. 
January, 1931 
February . . . .
M arch ...........
April..............
M ay ...............
J u n e ..............
J u ly ...............
August..........
Septem ber.. .

NATIVES EMPLOYED IN THE TRANSVAAL MINES.
G o l d

M in e s .
C o a l

M in e s .
D ia m o n d

M in e s . T o t a l .

October 31, 1930... 206,778 14,482 5,032 226,292
November 3 0 .......... 205,030 13,973 4,748 223,751
December 31 .......... 203,473 13,763 4,607 221,843
January 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 3,689 224,103
June 30 .................. 207,209 13,286 3,345 223,840
July 3 1 ................... 208,155 13,512 1,817 223,484
August 3 1 ................ 209,409 13,563 1,705 224,677
September 30.......... 209,424 13,276 1,626 224,326
October 3 1 .............. 208,987 13,061 1,517 223,565

PRODUCTION OF GOLD IN RHODESIA.

1928 1929 1930 1931

oz. oz. oz. oz.
January.................. 51,356 46,231 46,121 45,677
February .............. 46,286 44,551 43,385 42,818
March .................... 48,017 47,388 45,511 42,278
April .................... 48,549 48,210 45,806 43,776
May ...................... 47,323 48,189 47,645 43,731
June........................ 51,762 48,406 45,208 44,118
July ...................... 48,960 46,369 45,810 44,765
August.................... 50,611 46,473 46,152 43,292
September.............. 47,716 45,025 46,151 42,846
October ................ 43,056 46,923 45,006 —
November ............ 47,705 46,219 44,351 —
December.............. 44,772 46,829 46,485 —

RHODESIAN GOLD OUTPUTS.
S e p t e m b e r . O c t o b e r .

Tons. Oz. Tons. Oz.

Cam and M otor............ 24,800 9,803 23,600 9,794
Globe and Phoenix . . . 6,064 5,185 6,058 5,441
Lonely R eef.................. 7,500 3,350 7,500 3,294
Luiri Gold .................... 1,106 871 1,237 999
Rezende ........................ 6,400 2,633 6,400 2,633
Sherwood Star ............ 4,600 £9,251 4,600 £8,930
Wanderer Consolidated 14,900 3,278 14,800 3,643

WEST AFRICAN GOLD OUTPUTS.
S e p t e m b e r . O c t o b e r .

Ariston Gold Mines . 
Ashanti Goldfields . .  
Taquah and Abosso. .

Tons.
4,839

12,683
9,854

Oz.
£8,301
15,302

£14,864

Tons.
4,428

12,787
9,837

Oz.
£8,393
14,776

£14,705

AUSTRALIAN GOLD OUTPUTS BY STATES.
Western

Australia. Victoria. Queensland.

Oz. Oz. Oz.
October, 1930 ........................... 39,687 1,685 628
November ................................ 33,708 2,174 436
December .................................. 42,097 3,105 260
January, 1931............................ 27,306 .— 405
February .................................... 38,370 4,458* 458
March ........................................ 34,946 4,482 898
April .......................................... 38,891 3,250 732
May.............................................. 38,255 4,196 784
Ju n e ............................................ 47,507 3,194 893
Ju ly ............................................. 38,785 3,018 1,220
A ugust........................................ 52,501 -- 610
September.................................. 38,173 -- --
O ctober...................................... — -- --

* Jan and Feb.
AUSTRALASIAN GOLD OUTPUTS.

S e p t e m b e r . O c t o b e r .

Tons. Value £ Tons Value £

Associated G.M. (W.A.) ..
Blackwater (N.Z.) ..........
BoulderPersev’ce (W.A.). .  
Grt. Boulder Pro. (W.A.) . 
Lake View & Star (W.A.) 
Sons of Gwalia (W.A.) . . .  
South Kalgurli (W.A.) . . .  
Waihi (N.Z.) ....................

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

12,576
8,761

17,7715

8,046
8,674

18,762
26,219

14,742 
16,078 

/  5,780* 
t 38,7331

5,266
4,020
7,232

10,624

13,094
9,026

17,9001

8,267
8,011

19,946
29,679

14,206 
16,537 

/  5,865* 
141,9101

* Oz. gold, t  Oz. silver. X To October 17. § To Sept. 19.
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GOLD OUTPUTS, KOLAR DISTRICT, INDIA.

S e p t e m b e r . O c t o b e r .

Tons Total Tons Total
Ore Oz. Ore Oz.

Balaghat .................. 3,600 2,107 3,600 2,623
Champion R ee f........ 8,120 5,456 8,450 5,405
Mysore......................... 14,170 7,003 15,503 9,694
Nundydroog ............. 10,248 6,725 12,078 7,778
Ooregum ................... 12,050 5,908 12,497 7,080

MISCELLANEOUS GOLD, SILVER, AND PLATINUM 
OUTPUTS.

Chosen Corp. (Korea) . . .  
Frontino Gold (C’lbia) . ..

S e p t e m b e r . O c t o b e r .

Tons Value £ Tons Value £

9,900
3,720

81,476

6,159
16,699
2,800

30,120

1,460

15,150
16,180
10,102iff

96,837d
3,835

44,000
47,954d

31,000d

9,710
3.750

6,974

15,730
15,593

2,300*
91,044(1

39,500

1,040

New Goldfields of Vene-

Oriental Cons. (Korea) . .
Rem ance...........................
St. John del Rey (Brazil). 
Santa Gertrudis (Mexico) .
V iborita .............................
West Mexican Mines........

d  Dollars. * Oz. gold, f Loss

PRODUCTION OF TIN IN FEDERATED MALAY STATES 
Estimated at 72% of Concentrate shipped to Smelters. Long Tons.
January, 1931 .
February ........
M arch .
A p ril.............. .
May .............. .
J u n e ..............

5,450 July, 1931.................. 4,757
5,470 A ugust......................... 5,375
4,461 September.............. 2,449
4,510 October ...................... 3,282
5,089 N ovem ber.................. .—.
4,813 December .................. —

OUTPUTS OF MALAYAN TIN COMPANIES. 
I n  L o n g  T o n s  o f  C o n c e n t r a t e .

A u g u s t S e p t . O c t o b e r .

Ayer Hitam .............................. _ 101$ 41$
3atu Caves................................ 38 27 18
Changkat .................................. 95 70 25
Gopeng ...................................... 37 32 42
Hongkong Tin .......................... 9$ 131$ —
Idris Hydraulic ........................ 34 27$ 18$
Ip o h ............................................ 23J 24 122$
Kampar Malaya ...................... 32 16 29
Kampong L an ju t...................... 90 45 56
K am unting................................ 197 158$ 155$
Kent (F.M.S.)............................ 28 34 14$
K in ta .......................................... 18 13$ 10
Kinta Kellas.............................. — .— 23$
Kramat Tin................................. 95 — 30
Kuala K am par........................... 21 29 40
Kundang .................................... 10 7 12
Lahat .......................................... 17i 16 10$
Lower P e ra k .............................. — 88
Malaya Consolidated................ 39i —
Malayan T i n .............................. 102 85 So
Malim N aw ar............................ 27 22 28
Pahang ...................................... 221 123 125
Penawat .................................... — 65$ _
Pengkalen ................................ 13$ 55$ 34
Petaling ...................................... 87 69 45
Rahman .................................... 71$ 40 40$
Rambutan ................................ 4 12 4
Rantau ...................................... 17 28 34
Raw ang.......................... . 122 40 40
Rawang Concessions................ 68 30 45
Renong ...................................... 37 38 38$
Selayang .................................. 15 15$ 154
Southern M alayan.................... 120 84$ 84$
Southern Perak ........................ — 30$ 30$
Southern Tronoh ...................... _ 30 12
Sungei B es i................................ 58 32 33
Sungei Kinta ............................ 23 33$ 31$
Sungei Way ............................... 32$ 74$ 59$
Taiping ...................................... 21 20 21
Tanjong...................................... — 35$ 9
Teja Malaya .............................. —
Tekka ....................................... 44$ 22 31
Tekka-Taiping.............. ............ 51 51 35
Temengor ................................... 7$ 9$ 10
T em oh.........................................
Tronoh ....................................... 72 60 60
Ulu Klang............................... ... — 23$ m

OUTPUTS OF NIGERIAN TIN MINING COMPANIES. 
I n  L o n g  T o n s  o f  C o n c e n t r a t e .

A u g u s t S e p t . O c t o b e r .

Anglo-Nigerian........................... 44* 48$ 52
Associated Tin Mines................. 247 227 242
Baba R iv e r ................................. 4 4 4
Batura Monguna......................... Ü — 2$
B isich i......................................... 39 43 43
Daffo............................................. 6* 5$ —
Ex-Lands ................................... 54 50 51
F ilan i........................................... 3* — 3
Jan ta r ........................................... 22 23 15
J o s ............................................... 13 13 —
Juga Valley ............................... 8$ 9 10
Kaduna Syndicate..................... 21 25 23
Kaduna Prospectors.................. 17 23 12
K assa ........................................... 10 11 12$
London Tin ............................... 144 200 160
Lower B isichi............................. 4$ 4$ —
Naraguta Extended ................ —
Nigerian Consolidated.............. 7$ 11 —
Offin River.................................. 3$ 3$ 1 3
Ribon Valley ............................ 16 14$ 10
Tin F ie ld s ................................... - 5$ -
United Tin A reas...................... 1C* 18 17
Yarde Kerri .............................. 0 4

OUTPUTS OF OTHER TIN MINING COMPANIES. 
I n  L o n g  T o n s  o f  C o n c e n t r a t e .

A u g u s t S e p t . O c t o b e r .

Anglo-Burma (Burma).............. 48 41 _

Aramayo Mines (Bolivia)........ 169 190 189
Bangrin (Siam) ........................ 101$ 111$ 110$
Beralt 34* 32$ 30*
Consolidated Tin Mines (Burma) 180 140 130
East Pool (Cornwall) .............. 48$ 46$ —
Fabulosa (Bolivia).................... 45$ 54 56
Kagera (Uganda)...................... 6 16 —
K arnra ......................................... 54$ 34 —

Malaysiam Tin ......................... 6$ 8$ 8$
Mawchi......................................... 209* 219* —

Patino........................................... 992$ 1,058 —
Pattan i......................................... 150 — —
San Finx (S pain )...................... 21* 21$* —
Siamese Tin (Siam) .................. 214 190$ 203$

75Tavoy Tin (Burm a).................. 75 62
Tongkah Harbour (Siam )........ 40 65 38
Toyo (Japan)............................... 68 66 61
Zaaiplaats................................... 17$

* Tin and Wolfram.

COPPER, LEAD, AND ZINC OUTPUTS.

Broken Hill South . . . .

Burma Corporation . . .
Electrolytic Z inc ..........
Indian C opper..............
Messina...........................
Mount Isa .....................
Mount Lyell..................
North Broken Hill  |

Rhodesia Broken Hill .

Roan Antelope............... |

San Francisco Mexico .

T etiuhe ...........................

T rep ca ...........................  ^

Zinc Corporation ........

Tons lead conc. . .  
Tons zinc conc. . .  
Tons refined lead. 
Oz. refined silver
Tons z in c ............
Tons copper . . . .  
Tons copper . . . .  
Tons lead bullion 
Tons concentrate 
Tons lead conc. . .  
Tons zinc conc. . .
Tons V2O5 ...........
Tons slab zinc . . .  
Tons concentrates 
Tons blister copper 
Tons lead conc. - 
Tons zinc conc. 
Tons lead conc. 
Tons zinc conc. 
Tons lead conc. 
Tons zinc conc. 
Tons lead conc. 
Tons zinc conc.

S e p t . O c t o b e r

5,692 5,140
6,110 5,867
5,880 5,880

460,000 470,000

351 350
717 780

2,286 —
3,537* —
5,690 5,390
5,180 5,000

34$ 30

6,660 5,158— 506
3,808 3,887
3,536 3,433

675 —
2,201 —
2,972 3,531
3,787 3,435
3,759 _
2,929 —

* To Oct. 7.
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IMPORTS OF ORES, METALS, ETC., INTO UNITED KINGDOM.

A u g u s t . S e p te m b e r .

Iron O re .................................... 154,739 112,843
Manganese Ore.......................... 4,466 3,563
Iron and S te e l.......................... 201,920 220,285
Copper and Iron P y r ite s ........ 25,697 8,719
Copper Ore, Matte, and Prec. . .Tons . . 2,871 1,503
Copper M etal............................ 14,362 13.076
Tin Concentrate ...................... 5,530 4,922
Tin M eta l.................................. 586 231
Lead Pig and Sheet.................. 16,503 29,747
Zinc (Spelter) .......................... 7,920 10,699
Zinc Sheets, etc......................... 2,599 1,880
Aluminium .............................. 869 652
Mercury...................................... 95,446 100,746
Zinc O xide................................ 1,421 576
White L e a d .............................. 16,655 13,884
Red and Orange L e a d ............ 3,824 3,071
Barytes, ground ...................... 37,685 30,265
Asbestos ................................... 723 S54
Boron M inerals........................ 607 1,124
B o rax ........................................ 28,956 11,614
Basic Slag ................................ 2,633 4,630
Superphosphates...................... 655 3,075
Phosphate of L im e .................. 34,542 5,722
Mica .......................................... 114 15S
Sulphur .................................... 12,457 756
Nitrate of S o d a ........................ 51,760 2,120
Potash Salts ............................ 454,596 309,633
Petroleum : C ru d e .................. 31,774,442 17,496,196

Lamp O il............ 17,629,876 24,733,200
Motor Spirit . . . . 81,105,620 63,287,700
Lubricating Oil . . .Gallons 10,101,059 8,200,146
Gas Oil ............ 8,080,657 9,373,011
Fuel O i l .............. 51,911,440 32,769,654

Asphalt and Bitumen ............ 7,992 9,167
Paraffin Wax .......................... 87,149 108,474
Turpentine .............................. 87,416 69,036

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

August. September. October.

Anglo-Ecuadorian .................. 20,662 19,854 19,521
Apex Trinidad............................ 46,450 42,970 46,100
A ttock ........................................ 1,483 1,628 1,659
British Burmah.......................... 4,410 4,285 4,443
British Controlled .................... 46,648 42,761 41,636
Kem Mex.................................... 971 957 981
Kern River (Cal.) .................... 3,027 2,883 3,138
Kern Romana .......................... 996 1,048 979
Kern Trinidad .......................... 5,037 4,721 4,0S4
Lobitos ...................................... 26,250 25,260 26,141
Phcenix........................................ 64,565 50,433 44,532
St. Helen's Petroleum ............ 5,127 5,389 5,592
Steaua R om ana........................ 80,550 85,580 87,120
Tampico ..................................... 2,801 2,727 1,471
Tocuyo ...................................... 2,026 1,924 1,911
Trinidad Leaseholds ................ 18,800 18,600 16,550

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

Oct. 10, Nov. 10, 
1931. 1931.

Anglo-Ecuadorian

„  ,, Ord..............................
Apex Trinidad (5s.) ..........................
Attock ................................................
British Burmah (8s.) ........................
British Controlled ($5) ..................
Burmah O i l ........................................
Kern River Cal. (10s.)......................
Lobitos, Peru ....................................
Mexican Eagle, Ord. (4 pesos) ........

,, ,, 8% Pref. (4 pesos) .
Phoenix, Roumanian ........................
Royal Dutch (100 fl.) ......................
Shell Transport, Ord...........................

5% Pref. (£10)....
Steaua Romana ................................
Trinidad Leaseholds.........................
United British of Trinidad (6s. 8d.) 
V.O.C. H olding..................................

£ s. d. £ s. d.
6 0 8 0

1 3 9 1 5 9
1 3 3 1 4 6
1 18 0 2 0 6

8 9 9 6
11 3 15 0
3 0 3 0
1 6 1 6

2 1 3 2 1 3
1 6 1 9

16 9 1 1 9
6 6 6 3
7 0 6 9
4 0 4 9

15 12 6 15 0 0
2 1 3 2 1 3
8 10 0 9 0 0

4 0 4 9 1
IS 9 1 1 33 0 3 6
19 0 1 1 9

P R IC E S  O F  C H E M IC A L S . N ovem ber 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.

Alum ............................................
Aluminium Sulphate, 17 to 18%

Carbonate ............
Nitrate (B ritish)... 
Phosphate, comml. 
Sulphate, 20'6% N. 

r, Tartar Emetic, 43/4 
Sulphide, golden .

Barium, Carbonate, 94%
,, Chloride ............
,, Sulphate, 94% .

Borax ..........................................
Boric A c id ....................................
Calcium Chloride, solid, 70/75%. 
Carbolic Acid, crude 60’s ..........

Cresylic Acid, 98-100%

,, Sulphate ....................................
Lead, Acetate, w h ite ..........................

,, Nitrate (ton lo ts ) ......................
,, Oxide, L itharge........................
,, White ........................................

Lime, Acetate, brown ........................
». . „  grey, 80% ................

Magnesite, Calcined............................
Magnesium Chloride ..........................

,, Sulphate, comml.............
Methylated Spirit Industrial 61 O.P.
Nitric Acid, 80° Tw..............................
Oxalic A c id ..........................................
Phosphoric Acid. S.G. 1500............

Carbonate, 
Chlorate . 
Chloride 80

Nitrate

Prussiate, Yellow 
Red . .

Sodium Acetate ..........
,, Arsenate, 45% 
,, Bicarbonate ..

Chlorate .
(Crystals)

Hyposulphite, comml. 
Nitrate (ordinary) . . .  
Phosphate, comml. ..

,, (liquid, 140° Tw.) 
Sulphate (Glauber’s Salt)

,, (Salt-Cake) ___
Sulphide Cone., 60/65%..

Roll ..................................................
Sulphuric Acid, 168° Tw..................................

,, ,, free from Arsenic, 140° Tw.
Superphosphate ot Lime (S.P.A. 16%) ___

Titanous Chloride

Zinc Dust, 90/92% ........
Zinc Oxide (White Seal) 
Zinc Sulphate..................

£ s . d .
. p e r  c w t . 1 8 9

, , 1 1 6 3
. p e r  t o n 5 8 0 0

»» 8 7 6

p e r  l b .
6  1 5 0

1 0
. p e r  t o n 1 5  1 0 0

, , 2 7  1 0 0
. . 1 6 0 0
»> 4 0 0 0

. p e r  l b .
6  1 0 0

1 0
9

. p e r  t o n 2 4  1 0 0
»» 4  1 0 0
»> 11 0 0

p e r  g a l .
7 1 5 0

1 3 *
p e r  t o n 7 0 0

1 5 11) 0
2 5 0 0

»» 5 0 0
p e r g a l . 1 8
p e r  l b . 5  i
p e r  t o n 1 6  1 0 0
p e r  l b . 1 n
p e r  t o n 1 8 0 0
p e r  g a l .

1
5
9

p e r  l b . 6
p e r  l b . 1 0 0
p e r  t o n 6 1 0 0

2 2 6
3 5 0 0
2 8  1(1 0
2 8  1 0 0
3 8  1 0 0

7 0 0
1 0 0 0

8 n 0
5 1 0 0
3 1 5 0

p e r  g a l . 2 1
p e r  t o n 2 3 0 0
p e r  c w t . 2 4 0
p e r  t o n 2 9  1 5 0
p e r  cwt. 2 5 0
p e r  l b . 54
p e r  t o n 2 8 0 0

3 4 0 0

1 0 0  k i lo s
11 5 0

7 0 0
p e r  t o n 3 9 0 0

p e r  l b .
1 9 17 6

1

6 4
84
8

p e r  t o n 1 2 10 0
2 0 0 0,, 2 0 1 0 0
1 0 1 0 0

p e r  l b . 34
p e r  t o n 6 0 0

5 5 0

p e r  lb
3 1 0 0

8
1 0 0  k i lo s 6  1 0 0

p e r  t o n 1 4 1 0 0
9 2 6,, 8 1 0 0

p e r  l b .
1 3 0 0

4 1
p e r  t o n 9 10 0

8 10 0
2 1 5 0,, 2 17 6,, 10 10 0

p e r  c w t . 1 4 0
p e r  t o n 10 10 0

11 0 0
4 5 0J} 3 0 0

p e r  l b .
3 9 0

1 04
p e r  t o n 5 3 0 0
p e r  l b . 1 0 4

1 0 Î
p e r  t o n 9 1 0 0„ 20 0 0

35 0 0
» 10 10 0
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SHARE QUOTATIONS
Shares are £1 par value except where otherwise noted.

GOLD A N D  S IL V E R :
SOUTH AFRICA:

B rakpan...........................................
City Deep ......................................
Consolidated Main Reef ..............
Crown Mines (10s.)........................
Daggafontein ................................
Durban Roodepoort Deep (10s.). .
East Geduld ..................................
East Rand Proprietary (10s.)----
Geduld..............................................
Geldhenhuis Deep ........................
Glynn’s Lydenburg ......................
Government Gold Mining Areas (5s.)
Grootvlei........................................
Langlaagte Estate ......................
Meyer & Charlton ......................
Modderfontein New (10s.)..........
Modderfontein B (5s.) ................
Modderfontein Deep (5s.) ..........
Modderfontein E a s t ....................
New State Areas ........................
Nourse ..........................................
Randfontein ................................
Robinson Deep A (is.) ..............

„  B (7s. 6d .)........
Rose D e e p .....................................
Simmer & Jack (2s. 6d.)..............
Springs..........................................
Sub Nigel (10s.) .................................
Van Ryn ............................................
Van Ryn Deep ..................................
Village Deep (9s. 6 d .) ......................
West Rand Consolidated (10s.) . . . .
West Springs ...................................
Witwatersrand (Knight’s ) ................
Witwatersrand Deep ........................

RHODESIA :
Cam and Motor ................................
Gaika ..................................................
Globe and Phoenix (5s.)....................
Lonely Reef ......................................
Mayfair ..............................................
R ezende..............................................
Shamva ..............................................
Sherwood Starr (5s.)..........................

GOLD COAST:
Ashanti (4s.) ......................................
Taquah and Abosso (5s.) ..............

AUSTRALASIA :
Golden Horseshoe (4s.) W.A.............
Great Boulder Propriet’y (2s.), W.A. 
Lake View and Star (4s.), W.A. . . .
Sons of Gwalia, W.A...........................
South Kalgtirli (10s.), W.A................
Waihi (5s.), N.Z...................................
Wiluna Gold, W.A..............................

INDIA :
Balaghat (10s.) ..................................
Champion Reef (10s.) ......................
Mysore (10s.) ....................................
Nundydroog (10s.)............................... j
Ooregum (10s.)....................................

AMERICA :
Camp Bird (2s.), Colorado ..............
Exploration (10s.) ............................
Frontino and Bolivia, Colombia 
Mexican Corporation, Mexico (10s.) j 
Mexico Mines of El Oro, Mexico
Panama Corporation ..................
St. John del Rey, B raz il..................
Santa Gertrudis, Mexico..................
Selukwe (2s. 6d.), British Columbia

MISCELLANEOUS :
Chosen, Korea ................................
Lena Goldfields, R ussia ..................

C O P P E R :
Bwana M’Kubwa (5s.) Rhodesia.. . .
Esperanza C opper.............................
Indian (2s.) ........................................
Loangwa (5s.), Rhodesia..................
Luiri (5s.), Rhodesia ........................
Messina (5s.), Transvaal ..................
Mount Lyell, Tasm ania ....................
Namaqua (£2), Cape Province..........
Rhodesia-Ka tanga..............................

Oct. 10, 
1931.

£ s. d.
s i  a

5 6 1 0  6 
5 1 0
2 ia  9 

16 03 3 0
13 34 8
9 6 
5 0

1 14 0

1 0 0 
18 9

2 13 9 11 U 
18 0

1 8  9 
2 12 6 

17 (I 
1 6  9 

15 6 
9 6 
5 9 
3 6

3 11 6 
3 7 6

10 6 
1 0 0

2 3 
10 6 
13 0

Roao Antelope (5s.), Rhodesia
Tanganyika Con.........................
Tharsis (£2), Spain ....................

Nov. 10, 
1931.

£■ s . d .  
3 3 0

6 3 
1 2 0 
5 2 6
2 13 0 

18 0
3 5 6

15 6
4 6 6 

11 3
5 0 

1 15 0 
1 9  6
1 7 6 
1 0 6
2 13 Ü 

11 3 
19 6
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L E A D -Z IN C :
Amalgamated Zinc (8s.), N.S.W. ..  
Broken Hill Proprietary, N.S.W. .
Broken Hill, North, N.S.W.............
Broken Hill South, N.S.W...............
Burma Corporation (10 rupees).. . .  
Electrolytic Zinc Pref., Tasm ania..
Mount Isa, Queensland....................
Rhodesia Broken Hill (5 s .)............
San Francisco (10s.), Mexico 
Sulphide Corporation (15s.), N.S.W,
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Aramayo Mines (25 fr.), Bolivia ..
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Bisichi (10s.), Nigeria ....................
Chenderiang, M alay ........................
Consolidated Tin Mines of Burma .
East Pool (5s.), Cornwall    ........
Ex-Lands Nigeria (2s.), Nigeria . . .
Geevor (10s.), C ornwall..................
Gopeng, Malaya ...............................
Hongkong (5s.) .................................
Idris (5s.), Maiava ..........................
Ipoh Dredging (16s,), Malay 
Kaduna Prospectors (5s.), Nigeria . 
Kaduna Syndicate (5s.), Nigeria ..
Kamunting (5s.), Malay ................
Kepong, M alay .................................
Kinta, Malay (5s.).... .........................
Kinta Kellas, Malay (5s.) ..............
Kramat Pulai, Malay ....................
Lahat, Malay ...................................
Malayan Tin Dredging (5s.) ..........
Naraguta, Nigeria ..........................
Nigerian Base Metals (5s.) ............
Pahang Consolidated (5s.), M alay..
Penawat ($1), Malay ....................
Pengkalen (5s.), Malay ..................
Petaling (2s. 4d.), M alay................
Rambutan, Malay ..........................
Renong Dredging, Malay ..............
Siamese Tin (5s.), Siam ................
South Crofty (5s.), Cornwall..........
Southern Malayan (5s.) .................
Southern Perak, Malay....................
Southern Tronoh (5s.), Malay
Sungei Besi (5s.), Malay ................
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Tanjong (5s.), Malay ....................
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T H E  M INING D IG E S T
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 o f 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 mining companies.

REFRA CTO RIES
In  th e  Chemical Engineering and A lining Review  

of M elbourne for Septem ber 5, an  ab strac t is given 
of a p ap er on refractories and  th e ir uses, which was 
read by P. F. T hom pson before th e  M elbourne 
U niversity  M etallurgical Society. The au th o r 
po in ts ou t th a t  th e  ideal re frac to ry  would be a 
m ateria l re ta in ing  th e  solid phase a t  any  required 
tem peratu re, insoluble in th e  m ateria ls to  tie trea ted , 
im pervious to  liquids an d  gases, unaffected by  
sudden cooling or heating , highly resis tan t to  
m echanical erosion, of low th erm al expansion, and, 
in addition , cheap and  easily accessible. Ideality  
and technology rare ly  going h and  in hand, one 
has to  be co n ten t w ith  a com prom ise or a  balancing 
o f an tith e tica l properties.

N atu re  has provided, along w ith  m etallic ores, 
ab u n d an t supplies of ea rth y  bodies m ostly  m ade 
up of th e  oxides of th e  elem ents silicon, alum inium , 
calcium  and  m agnesium . E ach  of these oxides 
in th e  pu re  s ta te  is very  h e a t re sistan t, b u t th ey  
ra re ly  occur in th is  condition in  qu an tity . The 
effect of im purities is in general to  lower th e  
re fractory  properties. The exigencies of m anu­
facture  of th e  containers from these m ateria ls 
usually  requ ire  a fu rth e r d im inution of th e ir 
valuable properties. T he physical rule concerned 
in these m atte rs  is th a t  th e  m elting po in t of a 
substance is depressed by th e  presence of other 
substances which will form  a liquid solution w ith  it. 
This is only a p a r t  of th e  m ore general phase rule. 
T he difficulty of applying th is  g reat generalization 
to  th e  stu d y  of refractories is th a t  its predictions 
are only fulfilled when com plete equilibrium  is 
reached—a s ta te  seldom a tta in ed  in refractories 
owing to  th e  h ighly viscous na tu re  of th e  solutions 
and to  th e  size and  v a rie ty  of th e  constituen t grains. 
Phase rule diagram s, however, give tw o im p ortan t 
lim ita tions : (a) th e  lowest possible m elting point 
(eutectic) occurring a t  th e  po in t of con tact of two 
o r m ore different substances, and  (b) th e  lowest 
tem pera tu re  a t  which th e  whole m ass of known 
com position will become a hom ogeneous fluid. I t  is 
som ewhere betw een these  tw o points th a t  a refrac­
to ry  m ateria l is said “ f o  fa il.” The m ore a 
refractory  m ateria l approaches hom ogeneity th e  
■closer do these  p o in ts come together.

A classification of refrac to ry  m ateria ls into 
hom ogeneous (uniform) and  heterogeneous (grained) 
would be useful if one could draw  th e  line between 
them  w ith  any  certa in ty . T he first would have a 
definite set of physical properties directly  connected 
w ith chem ical com position and  easily reproducible. 
T he second class would be an  aggregate of the  
properties of th e  different grains som etim es com ­
pensating  and  som etim es additive. U ntil qu ite  
recently  th e  users of m ost refractory  containers 
have been co n ten t to  regard  them  as being hom o­
geneous and  constan t in properties instead of being, 
as th ev  usually  are, unstable, variable, and he tero­
geneous, tend ing  w ith  tim e and tem pera tu re  tow ards
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th e  goal of hom ogeneity. In  assessing th e  properties 
of e ither of these classes th e  to ta l chem ical com ­
position, as ascertained  by analysis, m ay  be very 
useful in  th e  homogenous, b u t m ay become very  
m isleading in th e  heterogeneous class where the  
physical condition  of m ateria ls of qu ite  dissim ilar 
com position p lays such an  im p o rtan t p a rt. The 
hom ogeneous re fractory  articles form, however, 
a  very  sm all division, and  include some of the  
higher m elting po in t m etals such as iron, nickel, 
p latinum , iridium , m olybdenum , tungsten , etc., 
pure fused oxides like alum ina (alundum ), zirconia, 
an d  silica, together w ith  some special p roducts of 
th e  electric furnace, and  graphite. They are m ostly  
expensive and  are  used only for experim ental 
purposes.

The n a tu ra l substances kaolin, m agnesia, etc., 
are practically  homogeneous, b u t are generally 
used in a heterogeneous s ta te  owing to  th e  necessity 
of grinding and  bonding the  grains, in th e  p rep ara ­
tion  of bricks, re to rts or crucibles, by  a fusible 
cem ent. Curiously enough, th is  bond is a  source of 
b o th  weakness and  stren g th —a good bond in 
th e  cold m ay become a poor one in th e  heat, and 
vice versa.

The intelligent m anufacture  and use of refractory  
containers will na tu ra lly  depend on a knowledge 
of th e  changes undergone during m anufacture  and 
use ; in both  cases th e  modifications produced by 
h ea t and  tim e alone, and  during use by  h eat, tim e 
and  th e  effect of the  contained substances trea ted . 
In  every case, th e  general principle enunciated  
previously, nam ely, th a t  th e  heterogeneity  factors 
are continually  diminishing and the  whole is tending 
tow ards hom ogeneity and  equilibrium  applies. 
Cooling, of course, during th e  process m ay  give a 
slight set back by causing th e  separation  of 
certain  crystal phases, b u t these are m ostly  held 
in m etastable solid solutions, or “ glasses,” as 
a rule.

C h a n g e s  U n d e r g o n e  d u r i n g  H e a t i n g  A l o n e . 
—Volume changes m ay  be of tw o k inds : (a) therm al 
or reversible, (6) perm anent or very  slowly reversible. 
The ord inary  th erm al expansion comm on to  m ost 
bodies varies considerably w ith th e  n a tu re  of the 
m ateria l and  tex tu re . If  i t  is m arked, as in 
m agnesia, and  is no t counteracted  by porosity  
(air spaces), by  ano ther m ateria l of low therm al 
expansion or buffered by  an  elastic bond, it  gives 
rise to  serious ru p tu re  betw een th e  grains which 
m ay extend th roughout portion  of a brick p a rticu ­
larly  during rap id  changes of tem peratu re. Flaking, 
due to  this, is known as “ spalling,” and  is a cause 
of serious loss. H ea t conductiv ity  is bound up w ith 
spalling and it is im portan t to  rem em ber th a t  it 
changes w ith  tem pera tu re  ; th e  conductiv ity  of 
m agnesia decreases w ith  tem pera tu re  increase, 
while th e  converse is tru e  of silica and  fireclay.

Perm anent expansion is due to  th e  tran sfo rm a­
tion  of a given crystalline form  of a substance
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having a characte ris tic  specific g rav ity  in to  an o th er 
form  w ith  a lower specific g rav ity  and  a consequent 
g reater specific volume. Silica shows th is  p ro p erty  
to  a m arked  degree ; ord inary  q u a rtz  has a specific 
g rav ity  of 2-65, an d  on heating  undergoes several 
m inor changes u n til 870° C. is reached w hen it  
changes to  a new m ineral (tridym ite) hav ing  a 
specific g rav ity  of 2-30 ; again  a t  1,470° C. th is  
changes to  th e  m ineral c ris tobalite  (sp. gr. 2-21) 
corresponding to  a to ta l  expansion of a b o u t 16%. 
T his would be d isastrous in a large firebrick 
struc tu re .

These changes a re  very  sluggish, b u t a re  g reatly  
assisted  by  th e  presence of a  fusible bond, which 
functions as a solvent for th e  less stab le  an d  th e re ­
fore m ore soluble form, while th e  m ore s tab le  and  
less soluble v a rie ty  crystallizes o u t from  th e  m agm a. 
I t  is because of these  changes undergone b y  silica 
th a t  q u a rtz  or q u a rtz  sand is qu ite  useless as th e  
raw  m ate ria l for silica bricks. To transfo rm  th e  
q u a rtz  to  trid y m ite  or cris toba lite  would require 
such prolonged h eating  a t  a high tem p era tu re  
th a t  th e  cost would no t com pensate for th e  cheapness 
of th e  m ateria l. P a r t ly  or w holly transform ed  
n a tu ra l m ateria ls , such as th e  q uartz ites, a re  m uch 
m ore econom ical to  use.

R e a c t i o n s  b e t w e e n  G r a i n s  a n d  B o n d  d u r i n g  
H e a t i n g .— (a) Silica B ricks.— The bond form ed on 
firing these  bricks is com m only calcium  silicate 
w ith  a m inim um  m elting  p o in t of ab o u t 1,450° C., 
and  as th e  am oun t of bond is com paratively  sm all 
in re la tion  to  th e  silica body th e  silica ten d s to  
dissolve in to  th e  bond as th e  tem p era tu re  rises 
above th e  eutectic  poin t. T he diffusion goes on 
as far as tem p era tu re , tim e and  viscosity  of fluid 
perm it. The resulting  bond has a h igher m elting 
p o in t th an  th a t  form ed a t  th e  beginning, though  
its s treng th  or resistance to  shock m ay  dim inish 
as th e  h igher silica co n ten t increases th e  
"  glassiness ” of th e  cem enting m aterial. Should 
th e  silica grains them selves be porous, in trusion  
of th e  bond in to  th e  grains m ay tak e  place and  th e  
layer of bond betw een them  becom es th in  and 
weak, giving to  th e  m ass a tendency  to  crum ble. 
This friab ility  is comm on in certa in  ty p es of silica 
b rick  which have been subm itted  to  high tem p era ­
tu res  for a long tim e.

(6) Fireclay Bricks with Siliceous Skeleton.— In 
these th e  am oun t of free silica is m uch less th a n  in 
th e  tru e  silica brick  and  th e  bond consists of a 
considerable am oun t of plastic  clay as free from  
fusible im purities as possible. Q uartz sand  is 
often used in place of q u artz ite , since th e  shrinkage 
of th e  clay due to  dehydration  and  th e  closing up 
of th e  m inute  pores left during th e  expulsion of the  
w ater com pensates for th e  expansion of th e  silica 
on transform ation . A t th e  po in t of co n tact betw een 
clay  an d  silica th e  eutectic  will form  a t  first and  the  
m elting po in t will rise or rem ain  constan t as each 
constitu en t diffuses in a t  a different or an  equal 
ra te  respectively. The bulk  of th e  bond being so 
large and  th e  clay becom ing p lastic  on heating , 
bricks of th is  description collapse very  gradually  
under pressure. The silica grains being non-plastic 
oppose th is  deform ation by interlocking to  some 
ex ten t. As th e  tem p era tu re  rises still higher th e  
constitu en ts  inter-diffuse un til surface tension 
draw s th e  m ass in to  a globular form. Microscopical 
exam ination , however, shows th a t  th e  com pletely 
hom ogeneous s ta te  is no t fully reached even a t  th is 
po in t, since particles of undissolved silica can  be 
detected  as a ru le in  th e  globule.

(c) Grog-Fireclay Bricks.— These a re  com posed 
of p rehea ted  fireclay (grog) which is ground  to  th e  
required size an d  m ixed w ith  th e  raw  clay  as a 
p lastic  bond. In  th is  case th e  m ix tu re  is of 
practica lly  th e  sam e n a tu re  and  th e  bonding relied 
on is th e  n a tu ra l fusible co n stitu en ts  of th e  clay 
(" fluxes ” ) consisting of iron  oxide, lime, m agnesia 
and  sodium  and  po tassium  silicates. These 
substances form  eu tectics a t  tem p era tu res round 
ab o u t 1,000° C. ; th ey  a c t as bonds on th e  m inute  
colloidal partic les of th e  c lay  and, w hen m olten, 
as lu b rican ts allowing these  to  slip over one ano ther 
an d  so give rise to  high tem p era tu re  p lastic ity . 
T his can  be de tected  by  app ly ing  pressure a t  
tem p era tu res very  l ittle  above 1,000° C. in  m ost 
clays con ta in ing  some of th e  above fluxes. Owing 
to  th e  finely dispersed condition  of th e  fluxes in 
th e  clay and  grog these  bricks soon becom e hom o­
geneous ; b u t if high in a lum ina, th ey  form  very 
viscous m elts w ith  th e  fluxes, an d  th e  p lastic  stage 
m ay be long d raw n o u t an d  a tta in  q u ite  high 
tem p era tu res before serious deform ation  under th e  
stresses requ ired  in  furnaces tak e s  place.

C h a n g e s  o n  C o o l i n g .— If no tran sfo rm atio n s 
have tak e n  place th e  th erm al co n traction  will 
equal th e  expansion. U sually  quick  chilling is more 
com m on th a n  sudden heating , so th a t  spalling is 
m ore noticeable during th e  cooling process. A very  
coarse s tru c tu re  w ith  p len ty  of a ir spaces (high 
porosity) is th e  best tex tu re  for refrac to ries exposed 
to  extrem es of tem p era tu re  change. Coarse grains 
bonded only a t  a few p o in ts of co n tac t m ay  have 
these  bonds ru p tu red  w ith o u t necessarily 
endangering  th e  bonds of surround ing  grains ; 
while in a finely-grained m ate ria l w ith  an  alm ost 
continuous an d  p e rhaps glassy bond  ex tending  
th ro u g h o u t th e  whole m ass such a  crack  will extend 
and  possibly ra d ia te  in  a ll d irections. In c ip ien t 
cracks m ay  repair them selves if on reh ea tin g  a 
sufficiently high tem p era tu re  is reached.

A possible source of in te r-g ran u la r cracking, 
which ap p aren tly  has n o t been previously  considered 
by investiga to rs is a n  action  analogous to  th e  
drying an d  co n tractio n  of a jelly  on a sheet of glass. 
The adherence of th e  jelly  to  th e  glass is such th a t  
as th e  jelly  shrinks i t  te a rs  p ieces o u t of th e  surface 
of th e  glass. If  th e  sem i-fused m elt of th e  silica 
or c lay  grains should hav e  a  m arked  change of 
volum e on solidifying, adhering  p o rtions of th e  
grains m ay  be to rn  off in a sim ilar m anner. C linkers 
on fu rnace w alls m ay  behave in th is  w ay  in 
detaching th e  underly ing  brick  surface.

If  tran sfo rm atio n s have tak e n  place, th e  reverse 
transfo rm ations hav e  little  chance of occurring  
owing to  th e ir  sluggishness an d  th e  ra p id ity  of 
cooling. The physical p roperties of th e  transfo rm ed  
m ay be qu ite  unlike those 6f th e  unchanged  m ateria l. 
Q uartz  has q u ite  a different coefficient of th erm al 
expansion from  th a t  of tr id y m ite  an d  tr id y m ite  
different from  th a t  of c ristobalite . T ridym itic  
m ateria ls a re  less liable to  spalling  th a n  either 
those of q u a rtz  or c ristobalite . T h is is due to  
th e  lower th erm al expansion of th e  form er a t  high 
tem p era tu res  and  also to  th e  s tead y  decrease a t  
low tem p era tu res , while for b o th  q u a rtz  and 
cris tobalite  a rap id  fall in th e  m agn itude  of th is  
p ro p erty  tak es place on cooling.

R e a c t i o n s  w i t h  S u b s t a n c e s  b e i n g  T r e a t e d .—
(a) Action o f Gases.— S tag n an t gases have  little  
physical effect, b u t th ey  m ay  have  m arked  chem ical 
action . T he so-called d issociation  of c a rb o n  
m onoxide, 2CO 5± C 0 2 +  C, re su lts  in th e  deposition
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of free carbon in th e  pores of bricks ; while th is  
action  is a t  a m axim um  ab o u t 400° C. i t  is q u ite  
inappreciab le  over 1,000° C. Carbon m onoxide 
reduces ferric oxide, which is b u t slightly  soluble 
in silicate m elts, to  th e  readily  soluble ferrous oxide. 
R apidly  m oving gases laden w ith flue dust m ay have 
an erosive action  sim ilar to  th e  sand blast, b u t if 
the  gases are carry ing  easily fusible ash or volatilized 
alkali sa lts m echanical erosion m ay  be replaced 
by slagging of th e  furnace walls exposed. This 
m olten m ateria l e ither ru n s down th e  wall or, if 
the  brickw ork is bad ly  set, cracked or n o tab ly  
porous, th e  fluid m ateria l pen etra tes  and  in tim e 
destroys th e  whole of th e  refractory . To com bat 
th is condition firebricks of high alum inous content, 
which are no t read ily  soluble in th e  usual fused 
silicate ash or form  highly viscous m elts, which 
have little  power of penetra tion , a re  useful. C ar­
borundum  m ateria ls a re  coming in to  favour because 
of th e ir low solubility  in fused ash or clinker. The 
solidified m ateria l is easily detached  because it  is 
not fused in to  th e  m ateria l of th e  brick. Ash high 
in iron, however, is n o t w ithou t action  on 
carborundum .

(b) Action o f L iq u id s .—M olten m etals have a 
certain  abrasive effect on refractories when flowing 
through spouts or tap-holes, b u t as a rule, have 
little  solvent action. The free elem ents associated 
with m etals have little  solvent action  either. I t  is 
not u n til th ey  a re  oxidized th a t  th ey  dissolve silica, 
alum ina or m agnesia. I t  is usual to  provide for 
th is by  form ing a slag of easily fusible m aterials, 
and so save th e  m ore expensive refractories of the  
containers. I t  has been th e  custom  in th e  p ast to  
call those substances which in th e  m olten condition 
dissolve silica “ basic ” m aterials, while th e  siliceous 
substances which dissolve basic m ateria ls are called 
“ acid ic.” A lum ina will dissolve in both  and  is 
dubbed “ am pho teric .” This division in to  acidic 
and basic m ateria ls is purely  an  a rb itra ry  one for 
we have no thing corresponding to  hydroxyl and 
hydrogen ion, to  which th e  term s base an d  acid 
belong, in th e  m olten m agm as, we de tect nothing 
like neu tra lization  in equivalent proportions, nor 
do we know any th in g  of th e  condition of th e  oxides 
when dissolved in one ano ther. Union to  form 
definite c rystalline  silicates appears to  tak e  place 
only on solidification. The la tte r, in th e  case of 
refractory  m ateria ls high  in silica, is often held 
up by th e  form ation  of glass. K aolinite (A120 3. 
2 S i0 2.2H 20 ) m ight be regarded as a neu tra l 
substance b u t it  will dissolve on dehydrating  and 
melting, b o th  alum ina and  silica and  also calcium  
and m agnesium  oxides. A num ber of substances 
used as refractories are indifferent to  th e  fused 
m agm as and  are therefore called n eu tra l m aterials. 
Chromite, g raph ite  and  carborundum  are exam ples 
of these.

(c) Action of Slags on Refractories.— W hen 
tem pera tu re  conditions perm it, such as in shaft 
furnaces where fuel and  charge are  m ixed, the  
difficulty is surm ounted  by th e  use of w ater jackets 
which p resen t a layer of chilled charge to  th e  m olten 
m aterial so th a t  no dam age is done to  th e  metallic 
containers. In  reverberatories and such-like 
furnaces th is  chilling effect is no t permissible, and 
the provision of su itable refractories for use in 
con tact w ith  th e  slag becomes a m a tte r  of g reat 
im portance. The controlling conditions are 
tem peratu re, com position, and  viscosity of th e  slag 
in co n tac t w ith th e  refrac to ry  container, and the  
com position and  tex tu re  of th e  la tter. Increase of

tem p era tu re  m eans an  increased solubility of the  
refrac to ry  in th e  slag. E ven  if it be a “  basic ” 
slag it will be capable of dissolving more base ; 
if "  acidic ” it will dissolve more siliceous m aterial 
from th e  lining. The behaviour here is qu ite  th e  
sam e as th a t  tak ing  place betw een grains and bond 
w ith in  th e  refractory  m aterial, th e  action of the 
slag being, however, m uch more rapid  on account 
of its  fluidity and free m ovem ent. Dense m aterials, 
like compressed m agnesia or fireclay with low 
porosity  and  sm ooth tex tu re , a re  required to  
cu t down th e  surface exposed to  th e  m olten 
m ateria l to  a m inim um , b u t th is resistance m ay only 
be obtained along w ith a greatly  increased tendency 
to  spalling.

T e s t i n g  o f  R e f r a c t o r i e s .— The best te s t of a 
refractory, like th a t  of th e  proverbial pudding, 
is in th e  usage thereof, b u t this, in th e  case of a 
large installation , is likely to  prove a costly and 
long-draw n-out business. There has arisen, th ere ­
fore, a  desire to  form a  prognosis of th e  probable 
behaviour of th e  refracto ry  m aterial during use, 
from  labora to ry  experim ents. The weaknesses 
of such a procedure are th e  difficulty of assessing 
all the  conditions under wThich the  m aterial is to  be 
used and  th a t  th e  te s ts  carried ou t in a m inim um  
of tim e cannot be representative of changes 
which m ay  go on over a long period. Certain 
physical characteristics m easured a t  ordinary tem ­
peratu res m ay be quite  different a t  high tem pera­
tures. Know n conditions m ay be p lo tted  against 
evaluations of certain  properties, a curve draw n and, 
by  a process of extrapo lation  in to  th e  region of 
unknow n conditions, th e  new properties read off. 
The value of th is  process depends on our having 
obtained th e  righ t slope of th e  curve in th e  first 
place and  on th e  correctness of th e  assum ption 
th a t  th e  function of th e  curve is th e  same th rough­
out. The "  refractoriness ” of a fireclay was a t  
one tim e calculated from  its com position as found 
by u ltim ate  chem ical analysis. The heterogeneity 
factors were no t tak en  in to  account, th e  am ount 
of free silica, th e  n a tu re  of th e  fluxes, tex tu re  and 
so forth , were disregarded, and a m ost unreliable 
in te rp reta tion  of its behaviour was made. There 
is still a tendency, particu larly  in standard  speci­
fications, to  reduce very  complex m atte rs  to  a very 
simple formula.

The “ exam ination  ” ra th e r th an  th e  “ testing  ” 
of refractories would be a more suitable term  to 
app ly  to  th e  labora to ry  evaluation of their 
presum able properties. I t  is desirable to  know 
chiefly how th ey  will behave in respect to  (a) high 
tem pera tu re, (b) sudden changes of tem perature,
(c) action  of any  m ateria l to  be heated  in them , 
and  (d) th e ir capacity  for and  their re ten tion  of 
heat. The first is called their “ refractoriness,” 
though  th is  te rm  is tak en  to  include th e  effects 
of bo th  (b) and  (c) as well.

The m ethods of determ ining refractoriness a t  
one tim e consisted of a com parison of h eat effects 
a t  indefinite high tem pera tu res w ith  certain  
stan d ard  clays. This developed in to  th e  use of 
stan d ard  m ixtures of these w ith fluxes to  give 
com parisons a t  shorte r intervals, and later to 
entirely  artificial m ixtures in th e  form of cones 
(Seger). W edgewood first a ttem p ted  pyrom etric  
m easurem ent by using the  progressive shrinkage of 
clay. W ith  th e  coming of pyrom eters the  cones are 
m ade to  correspond to  certain  tem peratures and 
are very  convenient in ceramic work as indicators. 
There is still a considerable vagueness ab o u t the
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po in t to  be m easured betw een th e  first eu tectic  
fusion and  th e  com plete liquefaction  of th e  mass. 
Such expressions as “ s tand  up to ,” "  m elting 
p o in t,” "  softening p o in t,” an d  “ signs of fusion ,” 
found in refrac to ry  specifications ind icate  an  
u n certa in ty  of m easurem ent and  in te rp re ta tio n  
of results. The p o in t of com plete m elting  of th e  
m ateria l m erely indicates th e  m axim um  possible 
tem p era tu re  which th e  m ass m ay  a tta in  when 
com pletely hom ogenized, and  is of little  p ractica l 
im portance since its  useful life is generally ended 
long before th is  s ta te  is reached. The po in t, or 
one near it, when a sm all cone collapses under its 
own weight, som etim es called th e  softening point, 
is useful as a  m eans of com parison w ith  o ther 
refractories.

The com m encem ent of high tem p era tu re  p las tic ity  
is an  im p o rtan t poin t, which is indicated  by  heating  
under compression. The g reater th e  load th e  lower 
will th is  po in t be found un til th e  eutectic  of the  
bond is reached and  p la s tic ity  ceases. As a 
“ p ractica l te s t ” loads varying from 25 lb. to  100 lb. 
p er sq. in., sim ulating  possible stresses in firebrick 
struc tu res, a re  used. In  add ition  th e  tem p era tu re  
of 25% deform ation  in th e  length of th e  specimen, 
which am ounts practica lly  to  com plete collapse, is 
taken . This is know n by  th e  expressive te rm  
“  sq u a ttin g .” Some specifications a rb itra rily  tak e  
some fixed tem p era tu re  ab o u t 1,300-1,400° C., 
and  dem and no t m ore th a n  a certa in  percentage 
deform ation  under a specified load. This tak es 
no account of th e  w ay in  which th e  m ateria l 
“ squa ts ” and  is one of those wooden requirem ents 
th a t  creep in to  specifications w hen .there is little  
tru e  understand ing  of th e  m echanism  of a  process.

The ad v en t of th e  recording pressure-tem perature- 
tim e a p p a ra tu s  m akes i t  possible to  ob ta in  an  idea 
of th e  w ay in which a refrac to ry  m ateria l behaves 
under com bined tem p era tu re  and  pressure effects. 
This in strum en t shows w ith  firebricks th ree  types 
of curves, p lo tting  tem p era tu re  against con traction  :
(a) a rap id  collapse over a very  sh o rt range of 
com paratively  high tem pera tu re , characteristic  of a 
"  short ” or “ d ry  ” bond giving w ay suddenly, 
such as occurs in  silica bricks ; (b) a slow g radual 
collapse extending over a considerable range, 
probab ly  indicating a fine diffusion of th e  eutectic- 
form ing m ate ria l th ro u g h o u t th e  m ass, such as 
m ight occur in grog bricks ; (c) a  sho rt range of 
p lastic ity , as shown by a gradual curve dow nw ards 
followed by  a sudden collapse, which m ay  represent 
a com bination betw een (a) and  (6) in structu re . 
Some of th e  tem pera tu re-con trac tion  curves have 
slight inflections in them  which are possibly records 
of p a rtia l slip betw een grains, and  so on. I t  m ay 
no t be too  m uch to  expect w hen th is  m ethod has 
developed and  th e  curves a re  correctly  in te rp reted

th a t  each re frac to ry  a rtic le  m ade will be accom ­
panied  by  its characteris tic  tem p era tu re-con trac tion - 
expansion c h a rt so th a t  th e  user m ay  select 
scientifically th e  one b est su ited  to  h is needs.

P orosity  is an  im p o rtan t p ro p e rty  to  be evaluated  
in re frac to ry  con tainers and  its  im portance is 
m any-fold. Air space m igh t be a b e tte r  te rm  to  
apply , since like g rain  size th e  size an d  num ber of 
th e  cavities in th e  brick, e tc ., is of m uch  g reater 
m om ent th a n  th e  percen tage am o u n t of free space 
in  th e  m ateria l, w hich is th e  only d e term ination  
m ade a t  p resent. The questions of which ty p e  of 
porosity  is best su ited  to  p rev en t spalling, how  th is 
m ay  be com bined w ith  th e  best resistance to  slags, 
an d  how m uch cap illa rity  and  surface tension  
co n trib u te  to  abso rp tion  of liquids, requ ire  for 
th e ir answ er som ething m ore th a n  a m ere percen tage 
to ta l. A large porosity  va lue  m ay  n o t m ean a  large 
abso rp tion  capacity , since a  considerable am oun t 
of a ir m ust still be en trap p ed  as is shown by  th e  
presence of large num bers of a ir  bubbles in  fused 
firebrick. Spalling te s ts  involving im m ersion in 
cold w ater of m ateria ls previously  h ea ted  a re  surely 
open to  v ery  grave criticism  since th e  action  of 
steam  in  th e  pores an d  on th e  bonds, particu la rly  
of basic bricks, is likely to  be v ery  severe.

The whole field of re frac to ry  ex am ination  a t  
p resen t is analogous to  th a t  of engineering testing  
a t  one tim e. A piece of steel w as te s te d  m erely for 
s tren g th  an d  possibly a chem ical analysis accom ­
panied  this. I t  was soon found th a t  th e  w ay of 
b reaking was as im p o rtan t as th e  u ltim ate  stress 
borne, so ductility , percen tage  reduction , elastic 
lim it, etc., becam e factors. T hen  followed resistance 
to  shock stresses, fa tigue stresses and  th e  la te s t—  
“ corrosion fa tig u e ,” all requ iring  m easurem ent 
before th e  m eta l is passed as sa tisfac to ry . W e have 
in th e  case of re fractories th e  analogue of th e  tensile 
stren g th  in th e  refractoriness an d  th e  undeveloped 
sq u a ttin g  tes t, b u t we go little  fu rth e r in  th e  simile. 
T he s tu d y  of m eta ls becam e a science w h en  th e  
m icroscope w as called in, an d  m ay  n o t one p u t  in a 
plea for th e  use of th e  m icroscope in  th e  exam ination  
of refracto ries ? The difficult techn ique  of th e  
petro logist is n o t required , nor even th e  polished 
surfaces of th e  m etallographer, for w ith  th e  a id  of 
th e  binocular stereoscopic m icroscope th e  life 
h isto ry  of a re frac to ry  artic le  is la id  bare  a t  every 
frac tu red  surface. T he changes p roduced  by 
h eating  to  various tem p era tu res can  be seen, and  
th e  effect of com pression, th e  p e n e tra tio n  of fluxes, 
porosity  cracks, g ra in  size and  bonding are  all 
b rough t to  light. One m ay  be sure th a t  in  tim e  a 
fuller understand ing , rivalling  th a t  of th e  m etals, 
will grow ou t of th e  slough of em piricism  in  which 
th e  s tu d y  of re frac to ry  m ate ria ls  has long been 
struggling .

BLAST FU RN A CE PR A C T IC E  A T  BROKEN HILL
One of th e  tw o papers read  before th e  In s titu tio n  

of Mining and  M etallurgy a t  th e  O ctober m eeting, 
and  which was p rin ted  in th e  Bulletin  for Ju n e  last, 
appeared  sim ultaneously  in  th e  Proceedings of th e  
A ustra lasian  In s titu te  of M ining an d  M etallurgy, 
N .S. No. 82, 1931. This paper, by  O. H. W oodw ard, 
of which ex trac ts  a re  given here, deals w ith  certa in  
featu res of operating  p ractice  a t  th e  P o rt Pirie  
w orks of th e  B roken H ill A ssociated Sm elters 
P ro p rie ta ry , L im ited, in  th e  sm elting in a b las t

furnace of lead ores carry ing  a  high concen tra tion  
of zinc. These a re  :

(1) T he effect of zinc on lead b last-fu rnace  
operations, together w ith  a n  ou tline  of th e  m ethods 
adop ted  in ac tu a l p ractice  in  dealing w ith  th e  zinc 
problem .

(2) D evelopm ent of th e  he igh t of tu y ere  above th e  
b o tto m  of th e  jack e t an d  th e  ex tension  of th e  
tap p in g  in terval, an d  th e  com bined effect of b o th  
factors upon th e  lead co n ten t of b last-fu rn ace  slag.
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One p hase  of th e  investiga tion  carried  o u t in 
connexion w ith  th e  effect of zinc on blast-furnace 
operations was largely responsible for th e  decision 
to  increase to  a m arked  degree th e  heigh t of th e  
tuy ere  above th e  b o tto m  of th e  jacket.

The high co n cen tra tion  of zinc in th e  lead-bearing 
m ateria ls sm elted a t  P o rt Pirie  has b rough t w ith 
it those  troub les which are  associated  w ith  zinc 
in th e  sm elting operation . In  th e  early  stages of th e  
h isto ry  of The B roken H ill A ssociated Sm elters 
P ty . L td . th e  tren d  to w a rd s  increasing cost for 
labour, fuel, and  stores, etc ., rendered it necessary 
to  increase th e  lead co n ten t of th e  charge, and reduce 
to  a m inim um  th e  q u a n tity  of ba rren  flux used. 
This n a tu ra lly  resu lted  in an  increase in th e  zinc 
co n ten t of th e  b last-fu rnace  charge, and  conse­
q uen tly  th e  problem  resolved itself in to  one of 
counterac ting  to  a m ax im um  degree th e  harm ful 
effect of th e  h igher concen tra tion  of zinc. I t  was 
necessary to  a rrive  a t  th e  h ighest adm issible con­
cen tra tion  of zinc in th e  charge hav ing  regard  to —

(a) The p roduction  of a slag carry ing  an  optim um  
concen tra tion  of zinc to  pe rm it of com m ercial 
recovery of such zinc a t  a la te r  date.

(b) M aintenance of good operating  conditions in 
the  b las t furnace.

I t  w as decided th a t  th e  p roduction  of a slag 
carrying a ro u n d  18% zinc would m eet both  
requirem ents.

Z i n c  i n  B l a s t - F u r n a c e  O p e r a t i o n s  a n d  
D e a l i n g  w i t h  t h e  Z i n c  P r o b l e m .— B roadly, th e  
zinc problem  as encountered  a t  P o rt Pirie could be 
divided in to  tw o classes, i.e.—

(1) W hen, due to  im perfect roasting , sufficient 
zinc sulphide rem ained in th e  roasted  m ateria l 
to  bring such troub les as fo rm ation of zinc m ush, 
top m atte , and  ten dency  of furnaces to  have  h ard  
ends, etc. B y im provem ent in th e  b last-roasting  
practice, th e  q u a n tity  of zinc sulphide rem aining 
in th e  roasted  m ate ria l has been reduced to  such a 
degree th a t ,  during  th e  p a s t te n  years, th e  above- 
m entioned troub les have been non-existent.

(2) W hen th e  zinc oxide presen t in th e  charge 
functions, under certa in  conditions existing in th e  
b last furnace, as p robab ly  th e  chief factor tending 
to  th e  fo rm ation  of sh a ft accretions.

In  th e  b last furnace sm elting of lead ores carry ing  
a high co ncen tra tion  of zinc, sha ft accretions, 
more th a n  an y  o th er factor, ten d  to  upset th e  
sm ooth runn ing  of th e  b las t furnaces. T ypical 
furnace troub les a tte n d a n t on th e  presence of shaft 
accretions a re  :—

(1) E ven  d is trib u tio n  of th e  b last is no t obtained, 
and, th e  b las t being forced th rough  a restric ted  
area, form s blow holes.

(2) T he blow-pipe action  of th e  b las t ten d s to  
carry  th e  fire to  th e  to p  of th e  furnace, p a rtia l 
fusion of th e  u pper po rtio n  of th e  charge follows, 
and th e  fu rnace develops “ H o t T o p .”

(.3) W hen blow holes a re  form ed, it becomes 
necessary to  ease th e  b last, and so th e  regu larity  
of th e  furnace operation  is in terfered  w ith, and, 
as is generally  th e  case, th is  irregu lar operation  
is reflected in a h igher lead-content th a n  is norm al 
in th e  slag.

(4) W hen th e  furnace h as developed " H o t T o p ,” 
there  is a d is tin c t danger th a t  th e  Dw ight-L loyd 
sin ter will be p a rtia lly  fused before th e  o ther fluxes 
are affected. Thus, if th e  com position of th e  new 
slag con ta ined  in s in ter is out of balance in regard 
to  th e  ra tio  of ZnO an d  CaO to  FeO and  MnO, th e  
zinc is freely driven off, and  accretion  trouble  
quickly follows.

(5) The blow-pipe action  of th e  b last liberates 
dense fum es on th e  feed floor, increasing th e  health  
hazard  of th e  workm en, and  th e  m etal loss.

(6) T he necessity of rem oving shaft accretions 
m eans a d irect loss of o u tp u t from  th e  furnace.

As previously indicated , those furnace troubles, 
which follow th e  presence of zinc sulphide in th e  
b last-furnace charge, have been elim inated, and 
any  troub le  now experienced arises from  the  
presence of zinc oxide. The troubles which arise 
from  th e  presence of zinc oxide in th e  charge can 
be a rb itra rily  described as being p a rtly  of mechanical 
and  p a r tly  of chem ical origin.

Mechanical Source o f Accretion Trouble.— (a) 
W'hen trea tin g  D w ight-Lloyd sin ter of such physical 
q u a lity  th a t  i t  ten d s to  b reak  in to  sm all pieces and 
give a charge of sm all average size, a condition is 
set up  predisposing ' to  th e  form ation of “ H o t 
T o p ,” and, as a  resu lt of th is, accretions rapidly 
form.

(b) W hen sm elting a charge carry ing  a high 
concentration  of zinc it  is m ost desirable th a t  a good 
sm elting ra te  be m aintained.

T he m ain tenance of a good sm elting ra te  is 
largely dependent upon th e  class of coke used, 
and experience a t  P o rt Pirie has definitely indicated 
th a t  th e  q u ality  of th e  coke used is a m a tte r  of 
v ita l im portance. From  th e  p o in t of view' of low' 
lead loss in slag, i t  is essential to  ensure th a t  a 
p roportion  of th e  coke reaches th e  tuyere  zone, 
while for th e  m ain tenance of good sm elting ra te  
i t  is desirable th a t  th e  q u a n tity  of coke reaching 
th e  tuyere  zone be w ith in  certain  lim its. Due to  
th e  difficulty experienced in ascertaining th e  actual 
conditions existing in  a b last furnace, i t  has been 
found difficult to  indicate th e  ex ten t to  which coke 
can  accum ulate a t  th e  tuyere  zone, w ithout 
adversely affecting th e  furnace speed. However, 
operating experience indicates th a t  an  accum ulation 
of coke above th e  tuy ere  level beyond a certain  
po in t is n o t desirable. W hen coke accum ulates 
above such p o in t th e  sm elting ra te  is re tarded , 
and  very  unsatisfactory  conditions are set up in 
th e  furnace shaft. A t th e  tuyere  zone, due to  
excessive accum ulation of coke, there  is an  intensely 
reducing atm osphere, together w ith high tem pera ­
tu re, and under these conditions there  is a tendency 
to  cause th e  zinc in th e  charge to  d istil from  th e  
tuyere  zone and  condense in th e  upper portion  of 
th e  furnace shaft.

The question as to  th e  form  in which th e  zinc 
leaves th e  tuyere  zone and  is deposited in th e  upper 
section of th e  furnace shaft is no t of so m uch 
concern as is th a t  of its u ltim ate  effect As the  
coke accum ulation  continues, th e  furnace speed 
n a tu ra lly  slows up, th e  h ea t is driven fa rth e r up 
th e  shaft, cem enting action  by zinc oxide is 
accen tua ted , un til under th e  influence of all these 
factors th e  charge colum n ceases to  sink. This 
condition continues u n til th e  coke accum ulation  
is burned away, when th e  charge falls and  th e  cycle 
repeats itself. This n a tu ra lly  results in heavier 
and  heavier sh a ft accretions forming, w ith 
consequent adverse effect on furnace capacity  
and  conditions generally.

A fter dealing w ith  furnace operations during the  
years 1921-22, th e  au th o r goes on to  say th a t  
th e  first step tak en  to  p reven t or reduce th e  
accum ulation  of coke above tu y ere  level was an  
a tte m p t to  b reak  down th e  large coke pieces. A t 
th a t  tim e coke was th e  las t of th e  charge com ­
ponents added to  th e  charge truck , and  labour 
was employed breaking by ham m er th e  coke pieces,
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as th e  charge tru c k  trave lled  to  th e  furnace. 
N a tu rally , th is  was a costly  a n d  a t  th e  sam e tim e 
very  inefficient operation , bu t, despiteitsinefficiency, 
benefits resulted , an d  th e  degree of furnace trouble  
was reduced. I t  m ay  be th o u g h t th a t  crushing th e  
coke to  th e  desired size would be th e  so lu tion  of 
th e  problem , and  while, from  th e  purely  m eta l­
lurgical aspect, th is  would p ro b ab ly  be so, th e  
so lu tion  w as n o t a ttrac tiv e , by  reason of d irec t 
cost and  abnorm al q u a n tity  of fine coke which 
could be expected to  arise from  th e  crushing process.

T he n ex t step tow ards a possible so lu tion  was 
to  reduce th e  q u a n tity  of coke added  to  th e  furnace, 
th e  degree of reduction  being governed by th e  
speed of th e  furnace. The volum e of b las t ad m itted  
to  each b las t furnace is contro lled  by separa te  
K en t recording m eters. Since th e  volum e of th e  
b las t was controlled, and  since th e  coke was added  
on th e  per-charge basis, it followed th a t  th e  faster 
th e  furnace speed th e  g rea ter was th e  q u a n tity  of 
coke added per u n it of b last, a condition  likely to  
resu lt in th e  accum ulation  of coke above th e  tuyeres. 
On these lines varia tions in th e  q u a n tity  of coke 
added  were m ade by  reducing th e  q u a n tity  added  
to  each charge, or by  add ing  a t  in te rv a ls  a n  ore 
charge w ith  no coke add ition , th e  va ria tio n s being 
governed as before-m entioned by th e  furnace speed. 
W hile, from  th e  p o in t of view of accretion  troubles, 
beneficial re su lts  followed th e  adoption  of th is  
procedure, th e  vagaries of th e  b las t furnace, in 
regard  to  ra te  an d  position  in which coke burns, 
resulted  in irregular lead co n ten t of slag produced, 
and  th is  facto r offset an y  o ther advan tage .

In terp re tin g  th e  results so far obtained, it appeared  
to  be definite th a t  th e  p reven tion  of an  accum ulation  
of coke above th e  tuyeres would be th e  solution 
of th e  problem . I t  seemed inadvisable to  a tte m p t 
to  reach th is  end p o in t by  vary ing  th e  q u a n tity  
of coke added  to  th e  fu rnace from  tim e to  tim e, 
as such procedure b rough t in to  p lay  variab le  
conditions, which affected th e  sm ooth runn ing  
of th e  furnace. I t  was therefore  decided to  seek a 
coke of such quality , as regarded porosity  and  size 
in re la tio n  to  porosity , as would ca rry  down to  
th e  tu y ere  zone and  y e t n o t accum ulate  above the  
tuyeres. Such a coke was even tually  procured, 
and  from  th e  d a te  w hen th is  coke w as used a m ost 
m arked im provem ent resu lted  in furnace operations, 
th e  fu rnace speeds being good, and  th e  troub le  due 
to  sh a ft accretions reduced to  such a  degree as to  
bring th e  sm elting of lead ores, carry ing  a high 
concen tra tion  of zinc, on to  a com m ercial basis. 
T hus it  seemed th a t  th e  problem  of coping w ith  
w h a t can  be classed as th e  m echanical trouble, 
arising from  high concen tra tion  of zinc in th e  lead 
b last-fu rnace charge, was th a t  of p reven ting  an  
accum ulation  of coke above th e  tuyeres.

Following th is, steps were tak en  to  m odify th e  
coking practice  a t  th e  com pany 's Bellambi works, 
and  ev en tu a lly  th e  porosity  of th e  coke was 
increased to  such a  degree th a t  th e  necessity  of 
procuring  coke from  outside sources has been 
reduced to  a  m inim um . A fter a wide experience 
in operating  w ith  different classes of coke, th e  
opinion is held  th a t  th e  ideal coke for P o r t Pirie 
requ irem ents should have a porosity  of from  50%  
to  53% . Coke w ith  such porosity  should be of 
large average size, th e  ideal size being larger th a n  
a 6-in. d iam eter ring.

Shaft Accretion Trouble .— H igh concen tra tion  of 
CaO in th e  presence of high co n cen tra tion  of zinc 
in th e  charge is undesirable, and  also th a t  high 
concen tra tion  of FeO +  MnO is desirable.

N eglecting th e  th eo re tical in te rp re ta tio n  of the  
in terdependence of ZnO, CaO, FeO +  MnO, from 
th e  pu re ly  p rac tica l s tan d p o in t, th e re  has been 
evolved an  em pirical form ula to  pe rm it th e  con tro l 
in th e  field of th e  above variab les to  such a degree 
th a t  fo rm ation  of sh a ft accretions is controlled 
w ith in  definite lim its, th u s  ensuring  th a t  the  
conditions on th e  feed-floor level of th e  furnaces 
a re  re la tive ly  good. T his form ula p ro b ab ly  applies 
only to  P o rt Pirie p ractice , w here th e  varia tions 
in slag co n stitu en ts  a re  w ith in  certa in  ra th e r 
narrow  lim its. This em pirical form ula is applied 
to  th e  slag analysis as regards ZnO, CaO, FeO +  
MnO, and  is as follows :—

ZnO x  CaO 
FeO +  MnO

=  a facto r X.

In  general, i t  is found th a t ,  in order to  m ain ta in  
good furnace conditions, th e  fac to r X  should be 
8-5, or lower.

I t  was n o t u n til N ovem ber, 1927, th a t  i t  was 
possible to  definitely  iso late th e  effect of silica 
co n ten t of th e  charge upon  furnace conditions, 
as ind ica ted  b y  th e  em pirical form ula. On th a t  
da te , in  o rder to  preserve a  rap id ly  d im inishing 
stock of siliceous lead ore, th is  m ate ria l was excluded 
from  th e  b las t roasting  charge. T he sin ter produced 
was of excellent physical grade, and  y e t i t  was found 
th a t  b last-fu rnace  conditions, as regards shaft 
troub les, rap id ly  becam e worse, desp ite  th e  fact 
th a t  th e  em pirical form ula app lied  to  th e  slag 
analysis w as only 7-5. Since silica was th e  only 
variab le  iso lated , its  ad d itio n  to  th e  b las t roasting  
charge was im m ediately  rev erted  to , and  a re tu rn  
to  norm al conditions in  th e  b la s t furnaces 
im m ediately  followed. W ith  th is  know ledge th e  
b last-fu rnace  record sheets were again  carefully  
reviewed, and  as a resu lt th e  following conclusions 
in respect of th e  ap p lication  of th e  em pirical 
form ula finally a rriv ed  a t  :—

(a) A fac to r of 8-0 or lower holds w hen th e  S i0 2 
in slag is a ro u n d  20% .

(b) A fac to r of 9-0 to  9-5 holds w hen th e  S i0 2 
is a round  22% .

(,c) A fac to r of 7-0 to  7-5 should  be  he ld  when 
th e  S i0 2 is a ro u n d  18%.

In  considering th e  b last-fu rnace  charge, the  
following p o in ts should  be borne in m ind :—

(а) T he q u a n tity  of zinc in ores tre a te d  is a very  
co n stan t am oun t, and  th e  con tro l of th is  is no t 
possible by  th e  lead sm eltery.

(б) I t  is considered advisable  for b las t roasting  
requ irem en ts th a t  sufficient lim e-sand (a dis­
in teg rated  lim estone) should  be  p resen t in  th e  
charge to  give a round  5 % -6 %  CaO in  re su ltan t 
sinter.

(c) The q u a n tity  of FeO +  MnO p resen t in ores 
trea te d  is very  regu lar in am oun t, and  th a t  ex tra  
FeO can  only be o b tained  by  a d d itio n  of ironstone 
to  th e  b las t-fu rnace  charge.

T hus, by  force of c ircum stances, th e  q u a n tity  
of ZnO and  CaO in th e  charge is m ore or less a 
fixed am oun t, and  an  avenue  for a d ju s tm e n t lies 
in ad d itio n  of ironstone.

(2 )  D e v e l o p m e n t  o f  H e i g h t  o f  T u y e r e  a n d  
E x t e n s i o n  o f  t h e  T a p p i n g  I n t e r v a l .— In  th e  
early  p a r t  of 1927 a phase in  b las t-fu rnace  operations 
was experienced w hen th e  lead c o n ten t of slag 
produced was ab n orm ally  high. T he coke used 
had  a p o rosity  of 53% , an d  w as a  free-burn ing  
coke. How ever, its  general average size in re la tion  
to  its  po ro sity  was sm all, and  it  seem ed th a t  th e  
cause of th e  h igh  lead in slag w as th a t  insufficient
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coke even tually  reached  th e  tu y ere  zone. I t  will 
be realized  th a t  a coke hav ing  a high porosity  is 
m ore sub jec t to  b reakages in tra n s it  to  P o rt P irie 
th a n  coke of low porosity , and, while th e  m ajo rity  
of cargoes received were of fa ir average size in 
re la tio n  to  porosity , m any  cargoes reached th e  
w orks in a bad  condition  as regards general average 
size. Thus, w ith  these  cargoes, two-fold trouble  
was experienced on th e  b las t furnaces, i.e.—

(a) Irreg u la r reduction , giving high lead in  slag.
(b) T endency  of furnaces to  ru n  w ith  “ H o t 

T ops,” an d  consequently  fo rm ation  of shaft 
accretions.

I t  is of in te res t to  com pare th is  phase of conditions 
w ith th a t  given earlier. W hen using coke of sm all 
average size i t  was ap p aren tly  im possible to  carry  
sufficient coke dow n to  th e  tuyere  zone, and  so 
produced  a slag of h igh  lead con ten t. Previously, 
th e  chief tro u b le  was due to  th e  fact th a t  too m uch 
coke w as carried  down to  th e  tu y ere  zone, and  
shaft accretion  troub le  resulted . The end result 
was th a t ,  w hen forced to  use coke of high porosity  
and  sm all average size, th e  lead co n ten t of slag 
produced w as so high  as to  affect th e  general 
average figure.

In  an  a tte m p t to  confirm  th e  theo ry  th a t  th e  cause 
of th e  high lead in slag was due to  inab ility  to  carry  
sufficient coke down to  th e  tuy ere  zone, th e  m ethod 
of coke ad d ition  to  th e  furnace was modified.

As a resu lt of te s ts  carried  o u t th e  following 
po in ts were definitely established :—

(1) The lead ten o r of slag was consistently  reduced 
a fte r th e  add ition  of ex tra  coke.

(2) In  th e  case of No. 1 furnace, th e  furnace 
top becam e very  ho t, following th e  ad d ition  of 
coke a t  every e igh th  charge.

(3) In  th e  case of o th er furnaces, "  H o t Tops ” 
developed to  such a degree as to  p ractically  offset 
th e  ad van tages gained by low'er lead in slag.

The nex t step was to  app ly  th e  m ethod  followed 
on No. 1 furnace in regard  to  coke ad d ition  to  th e  
other furnaces, and, while these furnaces showed 
an  im provem ent in th e  lead co n ten t of slag, the  
resu ltan t "  H o t T ops ” were found to  be trouble­
some to  such a degree as to  d istinc tly  ham per 
furnace operations.

H aving  arriv ed  a t  th is  position, th e  problem  
appeared  to  be one to  ensure th e  m aintenance of 
a good bed of coke below th e  tuyeres, while, a t  th e  
sam e tim e, a m inim um  of coke would accum ulate 
above th e  tuyeres. A stu d y  of th e  problem  brought 
forw ard th e  suggestion th a t  probab ly  a solution 
would be to  increase th e  height a t  which the  tuyere  
is p laced in th e  furnace jacket and  consequently 
i t  was decided to  te s t  o u t th is  proposal.

In  th e  original furnace jack et th e  centre  of the  
5-in. diam . tuyeres was 12 in. above th e  b o ttom  of 
the  jacket, so th a t  th e  m axim um  dep th  of coke 
which could be carried was only 9 in., th is  being th e  
difference betw een tuyeres and  slag tap  hole levels. 
An exam ination  of the  original jacket showed th a t 
a tuy ere  could be added  to  th e  jack et a t  a point 
ju s t ab o u t th e  height of th e  bosh, and in th is 
position th e  new tuyeres would be 12 in. above the  
original tuyere. The decision to  adop t th is  more or 
less a rb itra ry  height for th e  new tuyere  was 
governed by :—

(1) The ab ility  to  use th e  existing p a tte rn s  (with 
slight m odification).

(2) Should th e  new tuyere  prove successful, 
existing  jackets could be p laced on all furnaces 
while th ey  were in operation, a procedure possible 
only  if th e  bosh of jackets was no t altered.

F irst te s ts  showed sm all im provem ent in the  
lead con ten t of th e  slag. In  searching for an 
exp lanation  for th e  slight reduction  in lead con ten t 
of slag, it seemed beyond con trad ic tion  th a t  best 
resu lts could be ob tained  as regards lead loss in 
slag when such slag rem ained for th e  m axim um  
tim e in co n tact w ith  th e  reducing agents, be they  
incandescent coke or ord inary  gases. F u rth e r, 
if se ttling  of slag to  p erm it separation  of lead 
globules from  th e  slag proper is advantageous, 
then  th e  best place to  carry  th is  o u t is in th e  furnace 
itself. Thus it  seemed th a t,  to  ensure m axim um  
effect as regards th e  above factors, th e  tapp ing  
in te rv al should be extended.

I t  was decided to  conduct a series of tes ts to  
ascertain  th e  relationship  betw een lead in slag and 
th e  tapp ing  interval. Such tes ts were conducted 
over a period of several weeks, and, a lthough  an  
occasional anom aly  crep t in, th e  resu lts  obtained 
showed w ithou t d o ub t th a t  w ith in  a certa in  range 
of figures th e  lead con ten t of slag was dependent 
on th e  tapp ing  interval. N atu rally , since other 
factors th a n  tap p in g  in terval operate on a furnace, 
th e  order of figures of lead con ten t of slag varied ; 
b u t, irrespective of th is, on all te s ts  it was found 
th a t  to  a  considerable ex ten t on each furnace, 
irrespective of its general condition, th ere  was a 
well-defined relationship betw een lead in  slag and 
th e  tap p in g  interval.

Realizing th e  effect of th e  tapp ing  in terval on the 
lead con ten t of th e  slag, it was decided to  investigate 
th e  perform ance of No. 6 b last furnace, which 
furnace for th e  p a s t 12 m onths h ad  operated  very  
satisfactorily . The tuyeres on th is  furnace were, 
in th e  period under review, located a t  th e  original 
height of 12 in. above th e  bo ttom  of th e  jacket. 
This investigation  had  for its object an  analysis of 
results, to  ascertain  th e  lead con ten t of slag a t  
various trea tm en t rates. In  effect, since th e  tapp ing  
in terval is practically  proportional to  th e  furnace 
speed, th e  figure obtained showed under actu a l 
w orking conditions th e  effect of th e  tapp ing  in terval 
on th e  lead co n ten t of slag, th e  investigations 
indicating  th a t  there  is a definite relationship 
betw een tap p in g  in terval and  lead co n ten t of slag.

Following th e  installation  of th e  high tuyere  on 
a ll furnaces, no harm ful effect w hatever has been 
experienced from  th e  po in t of view of general 
operating  conditions. Subsequent to  the  installation  
of th e  high tuyere , an  unexpected im provem ent 
resu lted  in regard to  th e  grow th of sha ft accretions. 
W ith  th e  original tuyeres, shaft accretions extended 
well dow n on to  th e  jackets, and, by  reason of th e  
d ep th  of th e  furnace colum n, i.e., 18 ft. (from tuyere  
to  feed floor), these deep-seated accretions could 
n o t be m oved, so th a t  consequently  big banks 
of accretion  were alw ays p resen t in  th e  jacket 
zone of th e  shaft.

However, subsequent to  th e  in sta lla tion  of th e  
high tuyere , i t  was found th a t  these  accretions 
g radually  disappeared, u n til a t  a la te r d a te  no 
accretions were found on th e  jackets, and  th e  shaft 
accretions proper becaffie a fringe in th e  upper section 
of th e  shaft, and  were consequently  easily removed. 
T hus, a fte r  each barring, i t  was possible to  clean 
rig h t back to  th e  walls of th e  shaft.

Experience has shown th a t  the  presence of shaft 
accretions adversely affects th e  furnace perform ance, 
as even d istribu tion  of a ir is p reven ted , blowholes 
are formed, and  th e  charge does no t m ove uniform ly 
down th e  shaft. U ndoubtedly , these  factors 
influence th e  lead tenor of slag, and  it seems th a t  
th e  ab ility  to  ob tain  a clean furnace sha ft has
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helped to  im prove th e  lead co n ten t of slag, since 
in  tw o y e a rs ’ operations th e  lead  co n ten t of slag 
was 0-52% lower th a n  w hen th e  low tu y ere  w as 
used.

I t  m ay  be th o u g h t th a t  facto rs o th er th a n  th e  
high tu y ere  hav e  p layed  a  p a r t  in  th is  general 
a ll-round im provem ent, an d  while th is  m ay  be so 
th e  a u th o r  has been unab le  to  isolate an y  such 
facto r. P rio r to  th e  in tro d u c tio n  of th e  h igh  
tu yere , th e  coke used  w as of sim ilar q u a lity  to  th a t  
subsequen tly  used.

T he m ate ria l t re a te d  a t  P o rt P irie, com ing as it  
does from  one source, is rem ark ab ly  uniform , very  
little  v a ria tio n  being show n in th e  physical q u a lity  
a n d  su lphur co n ten t of sin ter.

A fter th ree  y e a rs ’ continuous operation  w ith  
furnaces equipped w ith  tu y eres a t  th e  h igher level, 
th e  conclusions reached  are sum m arized  as follows :

(1) T he h igher tu y ere  has resu lted  in  a reduction  
of lead  co n ten t of slag to  a n  e x ten t of a round
0-5% .

(2) T he slags produced  hav e  a  rem arkab ly  even 
lead  con ten t, and  th e  wide v a ria tio n s which 
previously  were encountered, w hen th e  old level 
of tu y ere  w as in  use, have  p rac tica lly  disappeared .

This does n o t im ply th a t  a n  even grade of lead  in 
slag is consisten tly  held, b u t ra th e r  w hen ce rta in  
groups of slag h igher or lower th a n  th e  av erage  
are  m et, th e  ten o r of slag  a t  such tim es is m ore  
regu lar th a n  w as th e  case previously .

(3) T he general o p erating  conditions of th e  
furnaces a re  p ro b ab ly  b e tte r  th a n  those  prev iously  
existing  and  th e  p rac tica l m en o p erating  th e  
furnaces d is tin c tly  fav o u r th e  h igher tuyere .

(4) W ith  th e  h igher tu yere , deep-seated  accretions 
have  p ractica lly  d isappeared , an d  sh aft accretions 
are  in general form ed n earer th e  to p  of th e  sh a ft 
th a n  w as prev iously  th e  case, th u s  p e rm ittin g  
g rea tly  im proved w ork in  th e  rem oval, an d  giving 
a  c leaner fu rnace  shaft.

(5) T he furnace stoppages, due to  th e  necessity  
of rem oval of sh a ft accretions, hav e  been reduced.

(6) T he h igh  tu y e re  gives g re a te r  flexib ility  
in  regard  to  q u a lity  of coke used, since th e  m ain ­
ten an ce  of a good bed of coke below th e  tu y eres can  
be a tta in e d  w ith o u t such accu m ula tion  rising 
above  tu y ere  level.

(7) T he effective se ttlem en t of th e  slag w ith in  
th e  furnace is an  ad v an tag e  and  replaces th e  work 
done by  th e  large se ttle rs  ou tside  of th e  furnace.

MINE TIM BER
An article  on th e  p reserva tion  of m ine tim bers by 

J. F . H arkom  w as sum m arized in  these  colum ns 
in June, 1930, and  th e  appearance of a sim ilar 
article  in  th e  Canadian M in ing  Journal for October, 
enables us to  re tu rn  to  th e  subject. In  th is  las t 
a rticle  th e  au thors, R. J . V aughan and  R. J. P re ttie , 
say th a t  from  th e  standpo in ts of safety  and  
econom y of in sta lla tion  trea te d  m ine tim ber is 
certain ly  w orthy  of more consideration th a n  it has 
received in th e  past. Mine tim bering  is one of 
th e  m ost im p o rtan t operations in th e  en tire  work 
of th e  m ine. A far g reater percentage of accidents 
occur from  falls of th e  roof and  sides of a m ine 
th an  from  all o ther causes com bined and  ye t far 
m ore m oney is sp en t in  an  a tte m p t to  elim inate 
these cave-ins th a n  even th e  m ine operator himself 
realizes. The engineer has alw ays regarded tim ber 
as "  tem porary  ” s tru c tu ra l m ateria l in co n tra ­
d istinction  to  so-called "  perm anen t ” m aterials, 
such as stone and  steel and  is n o t usually  conversant 
w ith  th e  causes of failure of tim ber. An a tte m p t 
is m ade in  th e  article  to  th row  some ligh t on th is 
angle of m ine operation.

W ood has, as no o ther m ateria l, th e  essential 
p roperties th a t  fit i t  to  m eet th e  varied condition 
of service required  in underground  support. I t  has 
relatively  g reat stiffness in p roportion  to  its weight. 
I t  com pares favourably  w ith  good steel in bending 
s tren g th  on a  w eight to  w eight basis. The average 
pressure a t  which an  ord inary  m ine prop  will 
fail is n o t less th a n  1J tons per squ. in. W here 
steel has a  tendency  to  suddenly buckle under 
severe stra in , wood gradually  crushes or squeezes 
u n der load, th u s  giving am ple  w arning of im pending 
failure. T im ber is cheaper in first cost, i t  is easy 
to  handle, can be obtained in required sizes, and  is 
easily fram ed. I t  is w ithou t d o ub t th e  m ost 
logical m ateria l to  be used in m ine tim ber construc­
tion. If tim ber would only las t longer it would be 
entirely  satisfactory .

Since s tru c tu ra l tim bers a re  com m only regarded 
as “  tem porary  ” w h a t a re  th e  causes of th is  lack 
of perm anence ? In  very few cases does tim ber 
w ear out, only where th ere  is heavy  m echanical
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wear, such as in m ine and  ra ilw ay  ties. E ven  here, 
th is  is n o t th e  m ost im p o rtan t cause of failure. 
R ailw ays in  th e  p a s t cen tu ry  have  found a  m eth o d  
of increasing th e  useful life of th e ir  tie s  from  six 
to  th ir ty  years. As far back  as 1912, a  su rvey  w as 
m ade of th e  causes of failure in  m ine tim b ers , by  
th e  U.S. D ep artm en t of A griculture and  th e  
following resu lts  were show n—

Failure  due to  decay an d  insects . 50 %
Failu re  due to  breakage and  fire . . 2 0 %
W a s t e ...............................................................25%
W ear . . . . . .  5%
W hen consideration  is tak e n  of th e  fac t th a t  

p a rtia lly  decayed tim bers have  lower resistance to  
breakage, fire, and  w ear, th e  percen tage of failure 
a ttr ib u te d  to  decay d irectly  and  ind irectly  is still 
greater. Therefore, if wood is to  be  m ade m ore 
perm anen t decay m ust be  elim inated, so we now  
focus our a tte n tio n  to  th is  end.

Causes o f Decay .— D ecay is n o t caused by  a  
chem ical d isin tegration  of tim b er a t  a p o in t w here 
th e  elem ents of th e  ground and  a ir m eet, as is th e  
general concensus of opinion. D ecay is caused by 
sm all p lan t growths. These a tta c h  them selves to  th e  
wood and  spread th e ir  sm all roo ts th ro u g h  th e  
tissues of th e  wood an d  in to  th e  wood cells, feeding 
upon th e  cellulose th a t  is to  be found there . Most 
fungi are m icroscopic in  size an d  can n o t be seen 
by th e  naked  eye, only th e  very  large fru iting  bodies 
are noticeable to  th e  average person. Fungi 
reproduce bo th  by  m eans of m ycellium , w hich spread 
all th rough  any  sound tim ber in  th e  im m ediate 
v ic in ity  and  by  spores. T h a t is th e  p la n t itself 
breaks up and  form s tw o or m ore fru iting  bodies 
th a t  a re  blown and  carried  to  some new  tim ber 
or feeding ground. Hence, w here ro tte n  tim b er has 
been tak e n  ou t and  replaced by  sound tim ber th e  
fungi im m ediately  com m ence to  feed on th e  
new stick. This accounts for th e  considerably 
shorte r life in replacem ent tim b ers  th a n  in original 
installations. Spores and  m ycellium  of th e  fungi 
are a lready  presen t an d  are  searching for food. 
This, th e  m ine owner is co n stan tly  supplying. 
Fungi require air, w arm th , m oisture, an d  food to
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grow. If  any  one of these factors are missing th e  
p lan t cannot germ inate.

Decay will no t occur in tim ber placed in  an  
a tm osphere  containing little  m oisture, nor will it 
occur in tim ber com pletely sa tu ra ted  in w ater. 
I t  can be seen then , th a t  for th is  reason a lte rna te  
w et and  d ry  conditions favour rap id  decay, as a t  
some p articu la r range of m oisture content, con­
ditions will be m ost favourable for th e  fungus to  
th rive  and  grow.

M oisture conditions v ary  considerably in mines. 
Generally speaking, re tu rn  a ir has a higher m oisture 
con ten t th an  in take  a ir and  from this, one would 
infer th a t  m ine tim ber would come to  a  m oisture 
equilibrium  w ith  th e  surrounding air. However, 
the  a ir stream  has a drying effect and  hence it 
cannot be s ta ted  definitely th a t  m ine tim bers 
contain m ore m oisture th a n  tim bers on th e  surface. 
I t  can be definitely s ta ted  th a t  u n trea ted  tim ber 
will decay m ore rapid ly  in m oist p a r ts  of a mine, 
other conditions being equal, th a n  in those p a rts  
w ith a  d ry  atm osphere. T he m ost favourable 
tem pera tu re  for decay is betw een 75° and  90° F. 
The tem p era tu re  conditions in m ines a re  generally 
such as to  favour rapid  decay, and  in take  a ir quickly 
comes to  th e  sam e tem p era tu re  as th e  surrounding 
s tra ta , so th a t  th ere  is very  little  fluctuation  from 
season to  season. In  one of th e  m ore im portan t 
mines in N orthern  O ntario  the  dry  bulb tem pera tu re  
varies from  52° in  th e  upper levels to  56° F. in 
the  lower levels. This increase is fairly  constant, 
and th e  a ir th roughou t th e  m ine is practically  
sa tu rated  w ith  m oisture (rel. hum id ity  is 97%). 
I t  is estim ated th a t  th e  life of tim bers on th e  lower 
levels is 28% less th a n  th a t  of those tim bers on 
the  levels near th e  surface. In  th is  case, th e  rise 
in tem pera tu re  seems to  be th e  factor governing 
the  increased ra te  of decay.

Prevention o f Decay .— Only one m ethod is 
practicable for p reven ting  decay of tim ber in 
mines, viz., poisoning of th e  food supply  which is 
accomplished m ost effectively by  im pregnating 
the wood cells w ith  h ighly toxic preservatives. 
This is precisely w hat is done to  preserve tim ber 
against fungus a ttack . The m ost effective preserva­
tive will, therefore, be th e  m ost toxic substance 
th a t  can  be in jected  in to  th e  wood and  be held 
there. Some preservatives are very toxic b u t they  
are so volatile th a t  th ey  are only effective for a 
short period of tim e. O thers a re  no t volatile b u t 
neither a re  th ey  toxic. A fter a lo t of stu d y  and 
extensive experim ents, both  in th e  laborato ry  and 
in practice, by m any  governm ents and large railw ay 
companies, tw o preservatives have been universally 
adopted  and accepted as standard . One of them  
is coal-tar creosote oil and  th e  o ther is zinc chloride 
salt. These preservatives have bo th  been found 

very  sa tisfactory  and  have  been accepted as 
standard  by  th e  Am erican W ood-Preservers’ 
Association and th e  Am erican R ailw ay E ngineers’ 
Association. M any others have been tried  and  are 
being tried  w ith  varied success, and, no doubt, 
as th ey  prove th e ir  m erits will become recognized. 
However, for th e  purposes of th is  article, 
com parisons and  rem arks will be restricted  to  these 
two.

Creosote Treatment.— E ither creosote or zinc 
chloride will g rea tly  prolong th e  life of mine 
tim bers, b u t creosote will likely be found more 
efficient th a t  zinc chloride, especially where th e  
conditions a re  very  m oist and  leaching is likely 
to  tak e  place Creosote has been known to  preserve

tim bers fifty years and  upw ards. Before trea tm en t, 
th e  tim ber is peeled and  all th e  fram ing done, so 
there  will be no surface exposed to  ro t once i t  is 
treated . I t  is th en  thoroughly seasoned either in 
th e  open a ir or by  artificial m eans in  th e  trea tin g  
cylinders. The trea tin g  cylinders are ab ou t seven 
feet in d iam eter and  v a ry  in length from  fifty  to  
one hundred  and  eighty feet. The tim ber is placed 
on small tram s and  run  in to  th e  cylinders, and the 
huge a ir-tigh t iron doors are bolted on. An in itial 
a ir pressure of from  th ir ty  to  fifty pounds is applied. 
This fills th e  sm all wood cells and acts as a cushion 
for th e  creosote. H o t creosote is th en  pum ped 
quickly in to  th e  cylinder against th e  initial air 
u n til th e  pressure reaches ab ou t one hundred and 
e ighty pounds per square inch. This pressure is 
m aintained for several hours until slightly more th an  
th e  required am ount of preservative has been forced 
in to  th e  wood. The pressure is then  released and the  
tim ber allowed to  lie in th e  h o t oil for a few m inutes. 
D uring th is  tim e, th e  a ir th a t  was originally 
im prisoned in wood cells expands, forcing o u t some 
of th e  surplus creosote. A final vacuum  is then  
drawn, to  w ithdraw  th e  rem ainder of th e  surplus 
oil and  d ry  off th e  wood. This leaves th e  cell walls 
lined w ith preservative, and  th e  wood is “ poisoned ” 
against decay. There is no decrease in streng th  
nor is there  any  increase in fire hazard. A fter th e  
light oils have had  a chance to  evaporate creosoted 
m aterial is less inflam mable th an  un trea ted  wood.

Zinc Chloride Treatment.— In  wood-preserving, the  
following specification for zinc chloride is recom ­
m ended. “ Zinc Chloride shall be acid-free and 
shall n o t con tain  m ore th an  0-1% Iron. Fused or 
solid zinc chloride shall con ta in  a t  least 94% 
chloride of .zinc. C oncentrated zinc chloride shall 
contain  a t  least 50% chloride of zinc."

Zinc chloride trea tm e n t is m uch th e  sam e as the  
creosote full cell tre a tm e n t—th e  chief object being 
to  force as m uch preservative in to  th e  tim ber as it 
will take. The B u rn e tt process is m ost comm only 
known. I t  en tails th e  following stages :—•

A vacuum  of from  tw en ty  to  tw enty-four inches 
is draw n— to  tak e  as m uch a ir as possible from the  
wood cells. A fter a period of from  ten  to  th ir ty  
m inutes, a 3 to  5% solution of zinc chloride 
is dropped in to  th e  cylinder while th e  vacuum  is 
still m aintained. W hen th e  cylinder is full of 
solution th e  pressure is raised to  ab o u t 190 lb. per 
squ. in. and  held un til th e  tim ber refuses to  tak e  
any  m ore preservative.

T im ber trea ted  w ith  zinc chloride will a t  first 
be wet and heavy ; but, when air seasoned again, 
there  will be left in th e  wood from  £ lb. of dry  zinc 
chloride sa lt to  a pound and  a  half, according 
to  th e  desire of th e  user.

Zinc chloride trea te d  tim ber is dry  and  clean to  
handle  and  can  be p a in ted  over. A lthough it is 
not entirely  fire resistan t zinc chloride is an  effective 
fire re ta rd an t. I t  has been used for a num ber of 
years by  th e  Delaware, Lacaw ana and  W estern 
m ines w ith entire  satisfaction, giving upw ards of 
fifteen y ears’ life as com pared w ith two years for 
u n trea ted  tim ber.

Sound wood is hard er to  ignite th a n  p a rtly  
decayed wood and  will w ithstand  flames a longer 
tim e w ithout failure. The saving in labour charges 
for replacing decayed tim ber g reatly  favours th e  
use of trea ted  tim ber, because decaying tim ber is 
liable to  sudden brash failure, and it constitu tes  a 
g reater accident liab ility  th a n  sound tim ber. The 
s treng th  of tim ber can be reduced very  g rea tly
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by  decay w ithou t such evidence being no ted  by  an  
inexperienced observer. U n trea ted  tim ber m ay  
look all rig h t and  y e t be in dangerous condition. 
In  short, tre a tm e n t w ith  p reserva tives enables 
tim ber to  m ain ta in  its  original s tren g th  for a long 
tim e.

Inasm uch as no th ing b e tte r  th an  a skin pen etra tio n  
can be obtained by any  of th e  so-called dipping and 
non-pressure processes and  since th e  first bruise, 
sc ra tch  or cu t leaves th e  inner wood open to  fungus 
a ttack , only pressure processes have been considered 
here. Fo r com plete p ro tec tion  a p en e tra tio n  of 
from  a ha lf an  inch to  an  inch, or deeper, is 
necessary. This can  only be ob tained  by  th e  
p ressure process.

Pressure Processes.— There a re  tw o pressure 
processes, th e  full cell, where th e  tin y  wood cells 
a re  left full of p reservatives, or em p ty  cell where 
the  wood cells are only lined w ith  creosote. W here 
tim ber is sub jected  to  insect a tta c k  th e  full cell 
tre a tm e n t is used, leaving from  12 to  20 lb. of oil 
p er cu. ft. in  th e  wood. In  m ost m ines, however, 
a n  em pty  cell tre a tm e n t of from  6 to  8 lb. is 
sufficient. E ith e r of th e  tw o m entioned p reserv a­
tives is q u ite  sa tis fac to ry  for m ine use an d  will give 
from  tw ice to  ten  tim es th e  life of u n trea te d  tim ber. 
E ven  w hen tim b e r can  be ob tained  a t  th e  m ou th  
of th e  m ine for p ractica lly  no th ing  it will often  pay  
to  ship th is  tim b er o u t hundreds of miles to  a 
trea tin g  p lan t, have  i t  tre a te d  and  shipped back.

T H E  FELIXBURG G O LD FIELD, S O U T H E R N  R H O D E S IA
Short R eport No. 18 of th e  Geological Survey 

of Southern  R hodesia, w'hich d ealt w ith  th e  Felix- 
burg  Goldfield, is now o u t of p rin t, b u t a new report 
has been issued. This, S hort R eport No. 27, by 
J. C. Ferguson, owes som ething to  th e  earlier 
report, th e  accom panying m ap being based on th a t 
of A. M. Macgregor. The following notes sum m arize 
th e  earlier pages of th e  new rep o rt:

The Felixburg  Goldfield is s itu a ted  45 miles north  
of F o r t V ictoria, in a narrow  belt of B asem ent 
Schists, running in a general east and  w est direction. 
I t  lies a t  an  a ltitu d e  of nearly  5,000 ft. in gently  
rolling country , a g rea t deal of which is treeless. 
The cen tre  of th e  field is d is tan t seven miles by 
road  from  Felixburg  R oad Siding on th e  F o rt 
V ictoria line. Gold-bearing reefs have been dis­
covered over a d istance of some ten  miles, b u t m ining 
a c tiv ity  has been a lm ost confined to  an  area  abou t 
six miles long and  a  mile a n d  a ha lf wide. The 
first o u tp u ts—those from  th e  Cheer Up and  W ake 
Up m ines— were m ade in 1905, and  up to  th e  end 
of 1909, w hen nearly  all work ceased on th e  field, 
ab o u t ¿40,000 w orth  of gold had  been tak e n  out. 
T here was a slight rev ival in 1915 and  1916, and  
again  during  th e  p a s t six years, th e  principal 
p roducers during  th e  la t te r  period hav ing  been 
th e  Castle, Sunrise, and  Tchargw a mines. Com­
p ara tiv e ly  few of th e  Felixburg  m ines hav e  m ade 
regular m onth ly  o u tpu ts , for in m ost cases m ining 
operations have  no t been on a scale large enough 
to  keep a m ill running  continuously. T here a re  a t  
p resen t th ree  mills on th e  field— th e  Castle and  
Tchargw a mills (5 stam ps) and  th e  Sunrise m ill 
(2 stam ps).

T he field has n o t been a n  easy one to  prospect, 
for ou tcrops a re  scarce and  th ere  is often  a good 
deal of clayey overburden. T here  a re  no ancien t 
w orkings on th e  q u a rtz  reefs, th e  only ones in the  
d is tric t being those on th e  banded ironstones of the  
M etesa hills, fu rth er reference to  which is m ade 
later. Fo r these  reasons a  good deal of th e  pros­
pecting  has been done by loam ing. W ork has 
been ham pered to  a considerable ex ten t in th e  p ast 
by  w ater. E xcep t in th e  eastern  p a r t  of th e  field 
(notably  in th e  Tchargw a mine), th e  a c tu a l flow 
h as no t as a ru le  been very  heavy, b u t alm ost 
everyw here w ater is encountered w ith in  60 ft. 
from  th e  surface, so th a t  p rospecting  has been 
difficult and  expensive. In  add ition  to  th is, th e  
flatness of th e  ground m akes i t  liable to  becom e 
w ater-logged during  a w et season. The field has, 
however, acqu ired  a worse rep u ta tio n  for heavy 
w a ter th a n  it  really  deserves, and  perhaps an  
equally  serious difficulty has been th e  scarcity  of

fuel an d  m ining tim ber. T he ve ry  shallow  n a tu re  
of m ost of th e  workings m ay  be a ttr ib u te d  to  these 
causes. T he only producing  m ines a t  p resen t are 
th e  Castle and  th e  Sunrise, b u t w ork is in progress 
a t  a num ber of o ther properties, w hilst a considerable 
am o u n t of p rospecting  is going on, th e  g reatest 
a c tiv ity  in  th is  d irection  being on th e  Felixburg  
claims, in th e  sou th-w estern  p a r t  of th e  area, and  
on th e  claim s held by  th e  F e lixburg  Gold Syndicate, 
m ost of which a re  in th e  neighbourhood of th e  
C astle mine.

G e o l o g y .— The schist be lt in which th e  Felixburg  
goldfield is situ a ted  is from  one to  five miles wide, 
and  is bounded by g ran ite  in trusions. T he n o rthern  
g ran ite  m ass is overla in  to  a g rea t e x te n t by  sandy  
beds of K arroo age, which freq u en tly  spread for 
some d istance over th e  schists as well, b u t th e  
g ran ite  on th e  sou th  side of th e  be lt is no t h idden  in 
th is  way. T he g reater p a r t  of th e  sch ist b e lt is 
occupied by rocks of th e  G reenstone series, consisting 
of hard , fine-grained epid iorites an d  softer green­
stone schists. Am ong th e  la tte r , b io tite-sch ist is 
p robab ly  com m onest, b u t actino lite-sch ist has also 
been observed. Along th e  sou thern  g ran ite  co n tact 
th e  greenstones a re  bordered  by a be lt of banded  
ironstone, which is m ost strong ly  developed in the  
M etesa hills, and  ap p ears to  be in te rru p ted  fa rth e r 
east. T he cleavage of th e  schists is u sually  parallel 
to  th e  general strike  of th e  belt, b u t on th e  Felixburg  
claim s it is no ticeab ly  oblique to  th e  general strike  
ind ica ted  b y  th e  banded  ironstone ridges. The 
schists usually  dip steeply  to  th e  sou th , b u t northerly  
dips a re  som etim es seen.

The epidiorites have  resisted  w eathering  as a rule, 
an d  som etim es give rise to  surface ou tcrops, such 
as those a t  th e  Sunrise and  W elcom e m ines. The 
b io tite-sch ists, on th e  o th e r hand , have  usually  
been g rea tly  w eathered , and  a re  rep resen ted  near 
th e  surface by  soft w hitish  or pa le  green rocks, 
overlain very  often  by  a th ick  layer of heav y  subsoil.

The banded ironstones which flank th e  sou thern  
gran ite  in trusion  are  of th e  usual types, and  call 
for little  general descrip tion . T hey  are  banded 
rocks consisting of a lte rn a tio n s of q u a rtz  and  
haem atite or m agnetite , an d  show considerable 
varia tion  in th e  degree of closeness of th e  banding. 
Those w ith  a high iron co n ten t w eather to  soft red 
m ateria l near th e  surface, w hilst those  in which 
silica p redom inates give rise to  strong  surface 
outcrops. Soft yellow  ochre occurs in places, as a 
resu lt of th e  w eathering  of iron-rich  layers. T here 
are several d istinc t ou tcrops of banded  ironstone, 
which to gether m ake up th e  g reater p a r t  of th e  belt 
show n on th e  m ap.
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S k e t c h  G e o l o g i c a l  M a p  o f  t h e  F e l i x b u r g  G o l d  f i e l d .

The gold reefs of Felixburg  are, w ith  a few 
exceptions, som ew hat small, len ticu lar bodies of 
quartz , conform ing to  th e  co u n try  in strike  and 
dip. A t th e  surface th ey  are  often  m ere leaders a 
few inches wide, w hich are  found to  open o u t a t  
shallow depths. Two principal lines of strike 
traverse  th e  field, th e  no rtherly  one passing through 
th e  A lexandra, W ake Up, W elcome, Assurance, 
Sunrise, Socialist, S p artan  and  G ypsy claims, 
and  th e  sou therly  one th rough  th e  John  Bull, 
C athy, Cheer Up, H enry , O ’H enry, Ace, Joker, 
T ry  Me, an d  Castle. M ost of th e  know n reefs 
occur along or near one or o ther of these  lines. 
In  th e  eastern  p a r t  of th e  field, however, there  
appears to  be a th ird  line passing th rough  th e  New 
Hope, A urora an d  O rphan  claims, and  its  westerly 
prolongation, tow ards th e  George, m ight be w orth  
fu rth er prospecting. The ore shoots a re  small b u t 
rich, and  it is believed th a t  th ey  usually  p itch  to  
the  west. They have  rare ly  been followed down to  
any  dep th , b u t in m any  cases th is  has probab ly  
been th e  resu lt of difficulties such as heavy  w ater 
or scarcity  of tim ber, and  does not necessarily m ean 
th a t  th e  values w ent out. T here is no doub t, 
however, th a t  th e  exceptionally  high values som e­
tim es encountered near th e  surface are th e  resu lt 
of secondary enrichm ent. The payab le  quartz  
is n o t uncom m only of a som ew hat sugary

appearance, b u t o ther types also occur. The ores 
are free-milling, and th e  gold is of a very  high 
degree of fineness.

N ot very  m uch is known ab o u t th e  behaviour of 
th e  reefs in depth , for th e  deepest m ines a re  the  
Cheer Up (440 ft.), an d  th e  Sunbeam  (about 300 ft.). 
No inform ation is available ab ou t th e  Sunbeam, 
b u t in th e  bo ttom  level of th e  Cheer Up th e  reef 
had  broken up in to  sm all stringers and th e  mine 
was abandoned as unpayable. In  add ition  to  th a t  
p resent in th e  qu artz  reefs, gold has som etim es been 
found in  th e  greenstone schists and  banded iron­
stones. W hen th e  schist carries gold it is usually  
owing to  th e  values extending from  a reef in to  the  
walls, b u t a different ty p e  of occurrence is now 
being vigorously prospected on th e  Felixburg 
claims, where gold has been found th roughout a 
com paratively  wide area  of schist, no t necessarily 
in association w ith  q u a rtz  veins. The banded 
ironstones received a good deal of a tten tio n  some 
years ago, on th e  H oliday claims, and  work is now 
being done on them  in th e  southern  p a r t  of the 
F elixburg  claims. The values ap p ear to  be ra th e r 
w idely d istribu ted , and  no very  definite results 
have been obtained up to  th e  present.

Full notes on th e  various mines m ake up the  
rem ainder of th e  report.

MILLING PRA CTICE A T  T H E  H O W EY  GOLD MINE
O utside of th e  tw o large producing cam ps, 

Porcupine and  K irkland Lake, th e  only large active 
gold m ine in  O n tario  is th e  How ey a t  R ed Lake 
in  th e  P a tric ia  d istric t. P ractice  a t  th is  m ine is 
described by  W. M. Goodwin in Engineering and 
M ining  World for Septem ber and in his article  the  
w riter sta tes th a t  the  m ine is 175 miles by  w ater route 
from  H udson Station , on th e  C anadian N ational R ail­
ways. This rou te  is rem arkab ly  good, for com ­
p arativ e ly  large steam ers operate for tw o-thirds 
of th e  distance on Lac Seul, as far as its  ou tle t a t  
E a r  Falls, near Gold Pines, where there  is a dam  
a n d  w ater power capable of developing 25,000 h.p. 
A t E ar Falls freight is transferred  to  10-ton scows,

w hich are  tow ed down th e  English R iver a few 
miles and  th en  up a trib u ta ry , th e  Chukuni River, 
to  R ed Lake. On th e  Chukuni R iver are tw o rapids, 
round which th e  scows are  taken , w ithout un ­
loading, on m arine railways. The cost of tran s­
porting  freight from  th e  railw ay to  th e  Howey 
m ine is a t  present $40 a  ton. This adds only a 
few cents pe r to n  to  th e  cost of trea tin g  th e  ore. 
A mail and  passenger service is conducted b y  a ir­
planes, which operate w in ter and  sum m er w ith 
equal facility. Their headquarters is Sioux Lookout, 
12 miles east of Hudson, a tow n w ith  banking, hotel, 
and  o ther facilities th a t  m akes a good "  jum ping- 
off p lace.”
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The How ey m ine is a m odel of expeditious 
developm ent. I t  w as discovered in th e  au tu m n  of 
1925, and was diam ond-drilled in 1926. In  1927 and 
1928 th e  m ine was developed on four levels, to  a 
d ep th  of 500 ft., w ith  12,000 lineal ft. of la te ra l work 
and  6,000 ft. of diam ond drilling. D uring 1929 
developm ent was extended on four m ore levels to  a 
dep th  of 1,000 ft., w ith  4,000 ft. of la te ra l work. In  
the  sum m er of 1929 th e  construction  of a 500-ton mill 
was sta rted , and  th is  p lan t was placed in operation  
in M arch, 1930. T hus, tw o years and  nine m onths 
a fte r th e  first sm all steam  p lan t was landed on th e  
p roperty , th e  m ine was developed to  1,000 ft. in 
dep th  and  a m odern 500-ton mill com pleted. The 
p lan t is operated  by  electric pow er received from  
a hydro-electric installation  a t E ar Falls, 40 miles 
away.

Coarse o re  
b ins

s to rag e  fat:mg 
tanks

F l o w -S h e e t  a t  t h e  H o w e y  M i l l .

The H ow ey ore-deposit is p a r t  of a dyke of 
po rp h y ry  which has been sheared and  in tersected  
by  irregular veins of quartz . B oth  th e  q u a rtz  and 
th e  po rp h y ry  w ith in  th e  ore zone are  m ineralized 
liberally  w ith  p y rite  and  sparsely w ith  o th e r  
sulphides. A lthough coarse gold is found 
occasionally, th e  bulk  of th e  m eta l is fine and  evenly 
d istribu ted . The dyke contains gold for several 
thousand  feet in length  and  across its  full w idth  
of 80 to  120 ft. ; b u t  th e  p ayab le  concentration , 
so far as exposed, is m ainly  w ith in  a  zone about
1,000 ft. long on b o th  sides of th e  H ow ey shaft 
and  from  10 to  50 ft. or m ore in w id th  along th e  
footwall of th e  dyke.

W hen th e  m ine was first opened to  a  d ep th  of 
500 ft., th e  in ten tion  w as to  m ill only th e  higher- 
grade po rtion  of th e  ore-deposit, averaging $6.50 
across 16 ft. As developm ent continued, however, 
th e  stopes could ap p aren tly  be m ade m uch wider 
th an  th is  w ith  profit, a t  th e  expense of lowering th e  
grade. In  consequence, th e  m ine as developed a t  
presen t averages $4 65 across 34 ft., th e  profitable 
ore being increased by  one-half by  th is  widening 
of th e  stopes to  double th e  original estim ate . The 
add itional 18 ft. of ore of $3 average grade is 
obtained w ith o u t an y  appreciab le  add itional 
developm ent— m erely a t  th e  cost of w idening th e  
stopes.

Stoping operations during  recen t weeks on th e  
tw o lowest levels, a t  875 an d  1,000 ft., ten d  to  show 
still g reater w idths of ore, of b e tte r  th a n  average 
grade. The stope on th e  1,000 level, for instance, 
in M ay of 1931, w as 260 ft. long an d  averaged 
$6'09 for a  w id th  of 44 ft. D iam ond drilling from  
th e  haulage drive  b en ea th  h ad  ind icated  th e  same 
value and  w idth  for several hundred  feet additional 
in length. B u t a still m ore in teresting  featu re  was 
th e  fact th a t  some cross-cuts over th e  full w id th  of 
th e  gold-bearing zone, 80 ft., showed a payab le  
grade for th e  whole distance, so a  good reason 
exists for hoping th a t  th e  stoping w idth  on th is 
level will reach 80 ft.

These wide and  long stopes, one below th e  o ther 
in com pact fashion, pe rm it of unusually  low costs, 
bo th  in  developm ent and  in  ex traction . This 
provides one of th e  reasons for H ow ey’s low to ta l 
costs. T he ore is continuous an d  free from  cracks 
or slips. M oreover, i t  drills and  breaks well, so no 
problem s arise in stoping even these  g rea t w idths. 
Shrinkage stoping is used, an d  th e  ore is tram m ed  
to  ore passes, th rough  which it m oves to  tw o levels 
for hoisting.

The sim ple m illing of th e  H ow ey ore com prises 
th e  second im p o rtan t reason for th e  low to ta l cost. 
P relim inary  tes ts  ind icated  th a t  grinding to  40 mesh 
would give an  excellent ex tractio n  -with stra ig h t 
cyaniding, and  th e  p lan t w as designed to  th is  end. 
The flowsheet was designed to  t r e a t  500 tons a  day, 
and  has proved to  be of 600 to n s’ capacity . The mill 
building and  u n its are disposed so th a t  th e  p resen t 
tonnage can be doubled by  sim ply increasing th e  
grinding, classifying, an d  filtering sections. This 
can  be done a t  a trifling expense an d  on short 
notice. The crushing p lan t, adjo in ing th e  106-ft. 
headfram e, has la te ly  been ad ju s ted  to  include a 
60-in. apron feeder an d  a  54-in. p icking belt, along 
which six m en are em ployed tak in g  o u t w aste. This 
raises th e  mill grade 50c. a ton.

The m ost strik ing  featu re  of th e  m ill practice  is 
th e  fact th a t  95% or m ore of th e  gold is recovered 
by grinding to  40 mesh. A t first a belief prevailed 
th a t  th e  coarseness of th is  m ateria l m ig h t cause 
serious trouble  in some p a rts  of th e  mill ; b u t sim ple
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ad ju s tm en ts  overcam e all such difficulties as soon 
as th ey  appeared. As indicated  by  th e  flowsheet, 
th e  a rrangem en t is th e  sim plest possible for a 
cyanide mill. I t  is operating  sm oothly and 
efficiently. A feature  im pressive to  a v isitor is th e  
position of th e  classifiers following th e  ball-mills, 
which are placed above th e  mills instead of below, 
as is custom ary, th u s perm itting  the  mills to  be on 
an  u nobstruc ted  floor a t  a low level. This a rrange­
m ent has been proved to  be a p a rticu larly  com 
venient one.

As a lready  m entioned, How ey costs are notable 
am ong th e  gold mines of O ntario, owing largely to  
the  advantages of a large and  com pact ore-body 
and  easily milled ore. D uring th e  last year the  to ta l 
cost per ton , including in terest on a half-million- 
dollar loan, b u t excluding charges for depreciation 
and taxes, has ranged from  $3.25 to  $3.60 per ton. 
Throughout th is period th e  shrinkage stopes have 
been filling up and  in M ay th e  first tw o were com ­

pleted. From  now on, therefore, 200 tons of ore a 
d ay  will be draw n from  broken reserves, which will 
reduce th e  average daily  cost abou t 50c. a ton. This, 
w ith th e  econom y effected by  hand sorting of 
waste, will reduce the  cost to  $3 per ton  or less. 
If, and  when, the  mill tonnage is doubled, the  cost 
per to n  will again be reduced considerably below 
$3 a ton, p robab ly  to  abou t $2.50. F lo tation  m ay 
possibly be employed, to  effect a fu rther economy. 
Tests to  th is end are still under way, b u t a decision 
has no t y e t been reached.

Average costs when 15,500 tons a m onth  of 
ore is being trea ted  are as follows : Developm ent, 
$0-15 ; haulage levels, $0-02 ; box-holes, $0-10 ; 
m ining, $1-75 ; crushing and conveying, $0-16 ; 
milling, $0-81 ; general, $0-17 ; head office, 
$0-34 ; to ta l, before depreciation and  taxes, 
$3-50. The p lan t will handle 18,000 tons a m onth, 
and  th e  above costs on th a t basis will drop to  abou t 
$3 per ton.

TIM BERING SHAFTS
In  th e  Canadian M in ing  Journal for October, 

J. H. R obertson  gives some notes on tim bering 
shafts in deep-seated placer deposits. The au th o r 
sta tes th a t  his rem arks a re  concerned only w ith  
tim ber sizes for loose ground. H e continues by  
saying th a t  th e  sizes of th e  various tim bers are 
dependent on th e  dep ths to  be sunk and  th e  
nature  of th e  soils to  be passed through. Before 
a shaft is sta rted  it is im perative th a t  th e  dep th  and 
nature  of th e  soil be known ; th is  m ust be done by 
drilling. The engineer or designer of th e  shaft 
m ust s tand  by  and  see th e  drilling done. He 
m ust m ake careful observations, w ith  te s ts  and 
gaugings, of th e  m ateria ls of th e  various s tra ta  
passed through, as w ithou t com plete d a ta  he is not 
in a position to  design a shaft.

The stresses coming on th e  tim bers in a shaft are 
dependent on th e  dep ths from th e  surface, and  the 
“ angle of repose ” of th e  d irts  th roughou t th e  mass. 
The la te ra l pressures produced, which app ly  to  
th e  tim bers of th e  shaft are given by th e  form ula 
P— £W h2Cos2<£, where rj> is the  angle of repose, 
W. th e  weight of one cu. ft. of soil (100 lb.), and  h. 
the  height or d ep th  from  which th e  forces coming 
on th e  tim bers a t  any  dep th  in  a  shaft can be 
worked out.

A good “ tough ” soil can  s tand  up a t  an  angle 
of around  45°, whereas a  fine silt, heavily 
im pregnated  w ith  w ater, will behave like water, 
i.e., its  angle of repose will be nearly  horizontal, 
in which case calculations will have to  be m ade as 
though th e  tim ber were under hydrosta tic  pressure, 
in  fact, in  extrem e cases h y drosta tic  pressure is 
insufficient, because a  fluid composed of m ud and 
w ater, since i t  is of g reater specific gravity , will exert 
a  g reater pressure th an  simple hydrosta tic  pressure.

In  sinking a shaft in stiff soil it can be seen th a t 
th e  pressures due to  th e  effects of th e  angle of 
repose do n o t come on righ t away. A bank  of good 
stiff m ateria l m ay  stand  practically  vertical for 
years, b u t eventually  i t  will conform  to  th e  angle 
of repose of such m aterial ; therefore in designing 
a shaft which will have to  give service for a prolonged 
period, th e  even tual stresses m ust be allowed for. 
Anyone who has worked in shafts is aw are of the 
groaning and  creaking th a t  goes on. In  a  properly 
designed shaft th is  is m erely th e  ad justm en t of the  
tim bers in conform ity w ith the  gradual application

IN LOOSE G ROUN D
of th e  stresses and th e  creaking need cause no 
qualm s ; bu t in an  im properly designed shaft th e  
m a tte r  m ay  be serious.

To consider a  p ractica l exam ple :
A shaft 21 ft. by  7 ft. of th ree  com partm ents 

has to  be sunk to  a dep th  of 100 ft. The upper 
soil is "  stiff ” for a dep th  of 50 ft., thereafte r there 
is a series of s tra ta  of “ free ” soil. The sizes of 
tim bers required to  be calculated.

Prelim inary considerations.— I t  is plain th a t, 
though  th e  upper s tra tu m  of soil is “ stiff,” since 
i t  overlies a  "  free ” s tra tu m  it would be injudicious 
to  consider th e  whole of th e  upper s tra tu m  as 
under th e  influence of th e  angle of repose of ' ‘ stiff ’ ’ 
dirt. True, if th e  tim bering of th e  shaft in to  the  
lower or “ free ” stra tu m  is sufficiently strong to  
w ithstand  th e  stresses of th e  lower stra tum , 
theoretically  th e  upper s tra tu m  could be trea ted  
according to  its angle of repose. B ut o ther factors 
come in to  th e  problem  ; for instance, in th e  course 
of sinking, w ater from the  under stra tu m  m ay force 
its  w ay in to  th e  upper s tra tu m  " following ” the  
tim bering, bringing abou t a change in th e  na ture  
of th e  d irt in th e  upper stra tum . (This feature has 
to  be carefully observed in sinking.) To get to  
som ething definite on which to  base calculations 
a compromise has to  be made, and in an  instance of 
th is kind, it  would be sufficient to  regard th e  upper 
s tra tu m  as affected by  th e  lower s tra tu m  half-way 
up, i.e., up  to  25 ft. from th e  surface, m aking the 
height of "  free ” s tra tu m  to  be dealt w ith as 
75 ft.

W hat is, or w hat is not, "  free ” s tra ta  is a m a tte r  
which m ust be left to  th e  engineer ; his knowledge, 
experience, and  investigations by  drilling will 
determ ine. In  th e  present instance th e  first 25 ft. 
has an  angle of repose of 45°, and th e  75 ft. beneath 
m ust be trea te d  as eventually  coming under the  
effects of hydrosta tic  pressure. I t  is sufficient 
for th is purpose m eantim e to  m ake th e  tim ber 
calculations for th e  po in t where th e  m axim um  
stresses come on, i.e., a t  100 ft. depth. The sizes 
of th e  tim bers above th is  will be proportionally  
less and  th ey  can be worked out from  th e  stress 
diagram .

The to ta l stress per sq. ft. th a t  has to  be taken  
care of a t  100 ft. dep th  is 1,250 lb. plus 4,687-5 lb., 
which to ta ls 5,937-5 lb. pe r ft.2 The area of d irt
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supported  by  a beam  m ay be ap prox im ate ly  
14 sq. ft. In  th is  case th e  bending m om ent is :

W x  1 J  5937 x  14 X 6 x  12 =  ^  ^
8 8

Taking th e  m om ent of resistance as f .b .d .2
6

and  allowing a  safe stress f as 1000 lb ./in 2 (load 
facto r 4.), an d  tak in g  w id th  of tim ber as 14 in. ; 
w orking out, we have  d 2 =  320 . . . therefore 
d =  18 in.

This m eans th a t,  to  sa tisfy  conditions of safety  
a t  a dep th  of 100 ft. in such soil, th e  beam  would 
have to  be 14 in. wide by 18 in. deep, th e  beam  being 
placed so th a t  its d ep th  resists th e  th ru s t, since th e  
streng th  of a beam  varies as th e  square of th e  depth . 
This m erely gives th e  stress in bending ; th e  shear 
and  bearing  stresses, etc., will have to  be worked 
out, and  provision m ade to  m eet them  according to  
th e  m ethod of jo in ting  and  bracing used. Care 
will have to  be exercised in proportioning and  m aking 
th e  joints. The required  sizes of th e  “ lagging ” 
or “ sheet-piling ” can  be w orked ou t as above.

This gives an  idea as to  how  to  go ab o u t th e  
problem  in respect of sizes of tim bers required  in 
th is  class of work, an d  shows th e  necessity of 
m aking proper investigations before com m encing 
operations. T here is lim it to  th e  u tiliza tion  of 
tim ber for such shafts, as a po in t is reached when 
th e  am ount required is excessive ; steel or concrete 
caissons th en  have to  be used.

C o n c e n t r a t in g  P r a c t i c e  at M o r e n c i ,  
A r iz o n a .— C oncentrating practice  of th e  Phelps 
Dodge C orporation a t  Morenci, Arizona, is described 
in  In fo rm ation  C ircular 6460 of th e  U nited  S ta tes 
B ureau of Mines, b y  A. Crowfoot. The p lan t 
occupies a  ra th e r  un ique position  am ong th e  
concentra to rs of th e  south-w est U nited  S ta tes in 
th a t  i t  is one of th e  oldest of th e  large mills and  
has developed from  a capac ity  of 900 tons daily  
in  August, 1906, to  a capacity  of 5,000 tons daily  
a t  present. T he ore trea te d  is m ined b y  block- 
caving from  th e  H um boldt group of m ines a t  Morenci. 
I t  is a  m onzonite-porphyry  and contains chalcocite 
as th e  principal sulphide copper m ineral and  some 
oxidized copper in  th e  form s of oxides, carbonates, 
and  silicates.

The ore is  crushed to  -6 -m e s h  by jaw  crushers, 
cone crusher, and  a closed c ircu it of rolls and  
v ib rating  screens. The -6 -m e s h  product is rough 
concentra ted  on tab les w hich produce finished 
concentra tes and tailings. The tab le  tailings 
com prise th e  feed to  th e  p rim ary  grinding system . 
T rea tm en t in  th e  p rim ary  grinding and  flotation 
departm en ts consists in  dew atering th e  tab le  
tailings, grinding to  7% +  48-m esh in  ball-m ills 
operated  in  closed c ircuits w ith  drag classifiers 
and flo tation  trea tm en t. The flo ta tion  trea tm e n t 
is effected in  roughing and  cleaning cells ; th e  
la te r cells produce finished concentra tes and  tailings 
which jo in  th e  rougher-cell tailings as feed to  th e  
secondary-grinding and  flo tation  units.

The secondary-grinding and  flo ta tion  equipm ent 
com prises bowl classifiers which deliver sands to  
secondary ball-m ills and  overflow p roducts to  
secondary rougher flo ta tion  cells. The bowl 
classifiers operate  in  closed circuit w ith  ball-m ills 
and produce overflow pulp, th e  solids of which 
con ta in  1'5%  of +  65-mesh m ateria l. The rougher 
flo tation  concentra tes are trea te d  in  tw o stages 
in  cleaner cells, th e  second cleaner cell producing 
finished concentrates. The m iddling p roducts

of th e  cleaner flo ta tion  cells are re tu rn ed  the 
grinding circuit. T he ta ilin g s of th e  secondary 
rougher cells are trea te d  in  flo ta tion  scavenger 
cells. These cells produce w aste ta ilin g s and  low- 
grade concentra tes which are re tu rn ed  to  th e  
secondary grinding circuit. F lo ta tio n  reagents 
used are po tassium  x an th a te , p in e  oil, and  lime. 
T able concentra tes are dew atered  by  rake  classifiers 
equipped w ith  vacuum  cham bers and  flo ta tion  
concentra tes are dew atered, a fte r th icken ing , by  
filters.

In  1929, th e  con cen tra to r t re a te d  an  average 
of 4,728 tons of ore p er d ay  w hich contained
1-92% of copper. T he recoveries am oun ted  to  
82-29% of th e  to ta l  copper an d  91-56% of th e  
sulphide copper. T he co ncen tra te  con tained
23-44% of copper. T o tal m illing costs for 1929 
am ounted  to  $0,579 p er to n  of ore trea ted .

F lo ta t io n  at V e r d e  C e n t r a l .—Milling practice  
of th e  Verde C entral Mines is described in  In fo rm a­
tion  Circular 6489 of th e  U nited  S ta tes B ureau of 
Mines, by  R . H . D ickson an d  E . M. Sm ith . This 
p ap er is one of a series being p rep ared  by th e  B ureau 
and  th e  following is a brief sum m ary  of th e  contents.

The V erde C entra l co n cen tra to r, of 400 tons 
daily  capacity , is located  ab o u t one m ile w est of 
Jerom e, Arizona. I t  t re a ts  ore from  th e  Verde 
C entral m ine an d  is 1,000 ft. d is ta n t from  th e  m ain  
shaft of th is  mine. T he ore-bodies occur in veins 
and  are  com posed of q u artz , p y rite , an d  chalco- 
p y rite , th e  sulphides occurring in b o th  dissem inated  
and  m assive form s. The m ine ore averages 2-7% 
of copper, 0-4 oz. of silver, and  a negligible am o u n t 
of gold.

C oncentration  is effected by  flo ta tion  in  a  lime, 
x a n th a te , and  pine oil c ircu it, which perm its  of th e  
bu lk  of th e  p y rite  being depressed an d  of th e  
p roduction  of a chalcopyrite  co n cen tra te  which 
con tains ap p ro x im ate ly  20%  of copper. Crushing 
of m ine ore to  § in. size is done by  a 12 b y  24 in. 
jaw  crusher set a t  ab o u t 2£ in ., followed by a No. 3 
coarse cone crusher se t a t  f  in. T he p ro d u c t of 
th e  cone crusher is fed to  a  v ib ra tin g  screen which 
has I  by  1 in. holes. This screen operates in 
closed c ircu it w ith  a p a ir  of 56 by 24 in. rolls 
se t £ in. a p a rt. T he screen undersize, which is 
m inus £ in., com prises th e  feed to  th e  grind ing  un it. 
G rinding, to  3-5% plus 48-m esh size, is done by 
tw o 8 ft. by  36 in. conical ball-m ills. These m ills 
a re  a rranged  in paralle l and  each is o p e ra ted  in 
closed c ircu it w ith  a 6 by  26 ft. rak e  classifier.

T he classifier overflow pu lps a re  t re a te d  in tw o 
p rim ary  flo ta tion  m achines operated  in parallel 
as roughers. The tailings of th e  p rim ary  m achines 
a re  m ixed and  d is trib u ted  to  tw o secondary  m achines 
also operated  in  parallel and  as roughers. The 
tailings of th e  secondary  m achines a re  final w aste 
p roducts . T he concen tra tes p roduced  b y  th e  
p rim ary  and  secondary  roughers a re  delivered to  
one cleaner cell. The cleaner cell produces finished 
co ncen tra tes and  m iddlings w hich flow b y  g rav ity  
to  th e  heads of th e  p rim ary  ro ugher cells. The 
concen tra tes a re  th ickened  an d  fu rth e r dew atered  
by  a 6 ft. disc filter. T hey  are  h au led  by  t ru c k  to  
th e  V erde T unnel and  Sm elter R ailw ay, 2 miles 
d is tan t, for sh ipm ent to  th e  U n ited  Verde E x tension  
Sm elter a t  Clemenceau.

D uring  th e  m onths of M ay an d  Ju n e , 1930, the  
con cen tra to r trea te d  an  average  of 392 to n s of 
ore per day  which con tained  2-67%  of copper. 
The concentra tion  ra tio  w as 7-95 to n s in to  1 ; 
th e  co ncen tra te  produced con ta ined  19-83% cf
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CO’ -r an d  16-1% of insoluble. The recovery of 
co, -r am oun ted  to  93-2%. C oncentrator costs for 
th e  period Ju n e  1, 1929, to  A ugust 1, 1930, were 
$1-26 per to n  of ore trea ted .

U n d e r g r o u n d  C h u te  C a te s .— Inform ation  
circular 6495 of th e  U nited  S tates B ureau of Mines 
by  C. F. Jackson  and  J. B. K naebel— one of a 
series dealing w ith  special m ining problem s— deals 
w ith  underground  chute  gates in m etal mines. 
U nderground tran sp o rt is an  im p o rtan t p a r t  of 
mine operation  and absorbs an  appreciable p a r t 
of th e  to ta l  underground  cost a t m ost ore mines. 
In  m ining ore-bodies of considerable vertical height 
th e  ore is usually  loaded in to  cars th rough  th e  
m edium  of chu tes provided w ith  gates or doors. 
These chutes form  an im p o rtan t link  in th e  tran sp o rt 
and handling  of broken ore and w aste and it is 
im p o rtan t th a t  th ey  be designed and constructed  
to  su it th e  conditions a t each m ine. The im p o rtan t 
influencing conditions are physical n a tu re  of ore 
and rock, dip of deposit, tonnage  handled , size of 
cars, cost of construction , and cost of operation.

The au th o rs classify gates in to  10 types and 
several sub-types and describe and  illustra te  each 
ty p e  w ith  th e  aid of line draw ings of which there  
are  40. Of p a rticu la r in te res t is a new  ty p e  of gate 
which th e  au tho rs te rm  th e  “ flexible " o r “ cu rta in  ” 
type, consisting of a num ber of heavy  chains w ith  
iron balls a ttach ed  to  th e  lower end and which are 
suspended from  th e  head cap of th e  chu te . The 
field of application  of each ty p e  and its advantages 
and d isadvantages are discussed. F inally  exam ples 
of costs of installing  gates and chutes of various 
types are given.

SH O R T  NOTICES
C o a l  M in e  V e n t i la t io n .— A t a m eeting of the  

Coal D ivision of th e  A m erican In s titu te  of Mining 
and M etallurgical E ngineers held a t  Bluefield, 
Virginia, las t m onth , a proposed safety  code for 
coal m ine ven tila tion , d raw n up by th e  A .I.M .E. 
Com m ittee on V entilation , was discussed.

T h e  S p a n is h  M in e ,  C a l i f o r n ia .—Mining and 
m illing practice  a t  th e  Spanish mine, N evada 
County, California, is described by J. B radley in 
M ining and M etallurgy  for October.

C o n c e n t r a t io n .— The correlation of m etal prices 
w ith  concen tra tion  practice is discussed by D. C. 
D eringer in M ining and M etallurgy for October.

E le c tr i c a l  P r o s p e c t in g .—Technical P aper 502 
of th e  U nited  S tates B ureau  of Mines by  I. Rom an, 
deals w ith  th e  com putation  of tab les for th e  d e te r­
m ination  of electrical resistiv ity  of underlying 
beds and  th e ir  application  to  geophysical problem s.

G o ld  in  N o r t h e r n  B r i t i s h  C o lu m b ia .— F. A. 
Kew analyses th e  possibilities of no rthern  B ritish 
Columbia as a  fu tu re  gold producer in th e  Canadian 
M ining Journal for October.

G r e a t  B e a r  Lake.— M em orandum  Series No. 51 
of th e  D ep artm en t of Mines a t  O ttaw a, by  H . S. 
Spence, deals w ith  th e  occurrences of pitchblende 
and  silver ores a t  G reat B ear Lake in th e  N orth- 
W est T errito ries.

R a d iu m .— In  th e  Canadian M ining and M etal­
lurgical Bulletin  for October, G. W. Adam s and 
M. S. Stevens give a com prehensive account of 
rad ium , its properties, uses, mode of ex traction  from 
ores, and  its  occurrences.

T h e  H o m e stak e  E n te r p r is e .— Engineering and 
M ining World for O ctober contains a series of 
articles describing th e  activities of the  Hom estake 
Mining Com pany.

RECENT PA TEN TS PUBLISHED
J V  A copy o f  the specification o f  a n y  o f  the p a ten ts m entioned in  

th is  colum n can be obtained by sending  Is. to the P a ten t Office, 
Sou tham pton  B u ild in g s , Chancery Lane, L ondon, W .C . 2, w ith  
a  note o f  the  num ber and  year o f the pa ten t.

4,870 of  1930 (355,211). A. D. J . E u e ,  M ada­
gascar. F lo ta tion  process and appara tus for the  
separation  of such m inerals as graphite.

5,333 of  1930 (355,235). E . W .  W e s c o t t , New 
Y ork. Iron  oxide and o th er values in iron ores are 
recovered by an  im proved chlorination process.

5,965 of 1930 (355,302). V e r e i n i g t e  S t a h l ­
w e r k e  A.-G., Düsseldorf, Germ any. Iron  is 
recovered from  iron  carbonyl by  th e  therm al 
decom position of th e  carbonyl on sm all inorganic 
non-m etallic bodies.

17,302 of  1930 (355,840).  H. M. C y r  and  R. 
K e r r , Palm erton, U nited  States. Lead and 
cadm ium  are recovered from  zinciferous m aterials 
by  subjecting th em  to  a  sintering operation in  th e  
presence of a chloridizing agent and w ater vapour, 
w ithout loss of zinc.

17,934 of  1930 (357,159). C o l o r a d o  I r o n  W o r k s  
C o . ,  D enver. A n ore classifier embodying an 
inclined trough  having feed and  delivery means, 
fitted w ith  a ro ta ry  shaft carrying a spiral ag ita to r 
and conveyor.

21,299 of 1930 (356,380). W . K a n g r o  and A. 
L i n d n e r , Braunschweig, Germ any. Beryllium 
is recovered by a simplified process from beryllium  
com pounds, by  trea tin g  them  a t a high tem peratu re  
w ith  gaseous chlorine, in the  presence of carbon 
or some o th er reducing agent.

22,585 of  1930 (356,404). N a a m l o o z e  V e n -
N O O T SC H A P D E  B A T A A F S C H E  P E T R O L E U M  M A A T - 
s c h a p p i j  and  A. G. H. S t r a a t m a n , The Hague. 
A wedge device for deflecting a slanting bore-hole 
in to  th e  vertical.

36,212 of  1930 (355,613). A n t i m o n  B e r g  u n d  
H ü t t e n w e r k e  A.-G., B anska B ystrica, Czecho­
slovakia. Commercial an tim ony oxide is produced 
from  concentrates by adm ixing fusible oxides before 
or during oxidation.

680 of  1931 (356,077). J. L e e m a n s  and S o c i é t é  
G e n e r a l e  M é t a l l u r g i q u e  d e  H o b o k e n , Hoboken- 
lez-Anvers, Belgium. Black copper is refined by 
sm elting the  slag obtained from  refining in the  
presence of black copper, th e  la tte r  acting  as a 
p recip ita ting  agent for th e  copper in  th e  slag, 
while th e  slag acts as a purification agen t for the  
black copper.

NEW BOOKS, PAMPHLETS, Etc.
Copies of the books, etc-, mentioned below can be obtained 
through the Technical Bookshop of T he M in in g  M agazine, 
724, Salisbury House, London, E.C.2-

F lo ta t io n .  By E. W . M a y e r  and H. S c h r a n z . 
P aper covers, 593 pages, illustrated . Price R.M. 33. 
Leipzig : S. Hirzel.

B e k a m p fu n g  h o h er  G r u b e n te m p e r a t u r e n .
B y B. S t o c e s  and B. C e r n i k . Cloth, octavo, 311 
pages, illustra ted . Price R.M. 36. Berlin : Julius 
Springer.

F ir e d a m p  E x p lo s io n s  an d  T h e ir  P r e v e n t io n .
By W . P a y m a n  and  I. C. F. S t a t h a m . Cloth, 
octavo, 158 pages, illustra ted . Price 12s. 6d. 
London : H um phrey  Milford, Oxford U niversity
Press.

S ta in le s s  Iron  and  S te e l .  By J. H. G. M o n e y - 
p e n n y . Second edition, revised and  enlarged. 
Cloth, octavo, 575 pages, illustrated . Price 25s. 
London : C hapm an and Hall.
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E l e m e n t s  of  O p t ic a l  M in e r a lo g y .  P a r t I. 
Principles an d  M ethods. F o u rth  edition, revised 
a n d  enlarged. Cloth, octavo, 248 pages, illu stra ted . 
Price 21s. L ondon : C hapm an and  H all. New 
Y ork  : Jo h n  W iley an d  Sons.

T h e  M in e r a l  I n d u s tr y  d u r in g  1930. Vol. 
xxx ix . E d ited  by  G. A. R o u s h . Cloth, octavo, 
815 pages. P rice  72s. New Y ork  and  London : 
M cGraw H ill.

P e t r o l e u m  E n g i n e e r i n g  H a n d b o o k .  Second 
edition , 1931. Cloth, royal q u arto , 461 pages, 
illu stra ted . P rice  §5. Los A ngeles: P a lm er P u b ­
lications Inc.

P e t r o l e u m  D e v e l o p m e n t  and  T e c h n o lo g y  
d u r i n g  1931. P ap ers  p resen ted  before th e  
A .I.M .M .E. P etro leum  D ivision a t  T ulsa and  Los 
Angeles during  O ctober 1930 and  F eb ru ary  1931. 
P rice  30s. New Y o rk : A m erican In s titu te  of
M ining an d  M etallurgical Engineers.

G e o lo g ic a l  S u r v e y  of  G r e a t  B r i t a in .  Sum m ary 
o f Progress, P a r t  I I I .  P ap er covers, 92 pages, 
illu stra ted . Price 2s. L ondon : H.M. S ta tio n ery  
Office.

L ist  o f  M in e s  in G reat B rita in  and  th e  Isle of 
M an, 1930. P ap er covers, 375 pages. Price 10s. 
London : H.M. S ta tio n ery  Office.

S a f e t y  in  M in e s  R e s e a r c h  B o a r d .  P ublica­
tio n s , Vol. V I, 1930. R eports an d  papers re la ting  
to  research  in to  coal dust, firedam p and  o th er 
sources of danger in  coal m ines. P ap er covers, 
10 pages. Price 2d. L ondon : H.M. S ta tionery  
Office.

C o a l  D i s t i l l a t io n .  D ep artm en t of Scientific 
a n d  In d u stria l R esearch— R ep o rt of T est by  th e  
D irecto r of Fuel R esearch  on th e  p lan t of th e  
L eicestershire (L & N) Coal D istilla tion  Co., L td ., 
a t  Newbold, near A shby de la Zouch. P ap er covers, 
28 pages, illu stra ted . Price 9d. London : H.M. 
S ta tio n e ry  Office.

I m p e r i a l  I n s t i t u te .  Bulletin, Vol. X X IX , 
No. 3, 1931. P ap er covers, pp. 271-406, illustra ted . 
Price 3s. 6d. L ondon : Jo h n  M urray.

Q u e b e c  : A nnual R ep o rt of th e  B ureau of Mines, 
1930. P a r t  B. P ap e r covers, 117 pages, illustra ted , 
w ith  m aps. Quebec : B ureau of Mines.

F o r t  W i l l ia m  a n d  P o r t  A r th u r ,  a n d  T h u n d e r  
C a p e  M a p - A r e a s ,  O n ta r io .  B y T .  L. T a n t o n .  
M em oir 167 of th e  C anadian Geological Survey. 
P a p e r covers, 222 pages, illu stra ted , w ith  m ap. 
P rice  30 cents. O ttaw a : D ep artm en t of Mines.

R o u y n - H a r r i c a n a w  R e g io n ,  Q u e b e c .  Geology 
a n d  Ore D eposits. B y H . C. C o o k e ,  W . F. J a m e s ,  
a n d  J .  B. M a w d s l e y .  M em oir 1 6 6  of th e  C anadian 
Geological Survey. P ap er covers, 3 1 4  pages, 
illu stra ted , w ith  m ap. Price 45 cents. O ttaw a : 
D ep artm en t of Mines.

S o u th  A fr ic a  : A B ibliography of South  African 
Geology for th e  years 1 9 2 6 - 1 9 3 0 .  A u th o r’s Index 
b y  D r. A. L .  H a l l .  M em oir No. 2 7  of th e  South 
A frican Geological Survey. P ap e r covers, 1 6 0  
pages. Price 5s. P re to ria  : Geological Survey.

N o r t h -E a s t e r n  P r e t o r ia  D i s t r i c t  : Geology.
A n  E xp lan atio n  of Sheet No. 18 (Moos River) of 
th e  Geological Map of South  Africa. B y B. V. 
L o m b a a r d . P ap e r covers, 4 3  pages, illustra ted , 
to g e th e r w ith  m ap. Price 5s. P re to ria  : Geological 
Survey.

S o u th e r n  R h o d e s ia  : The Geology of th e
C oun try  a round  Sham va, Mazoe D istrict. B y 
R . T y n d a l e - B i s c o e . Southern  R hodesia Geological 
Survey B ulletin  No. 18. P ap er covers, 87 pages, 
illu stra ted , w ith  m ap. Price 3s. 9d. Salisbury : 
Geological Survey.

O il in  A u s t r a l ia  : R ep o rt on a  to u r  of inspection  
of th e  oil-fields of th e  U n ited  S ta tes of A m erica 
and  A rgen tina  and  on Oil p rospects in A ustra lia . 
B y D r. W . G. W o o l n o u g h . P ap e r covers, folio 
size, 118 pages, illu stra ted . Price 5s. C anberra  : 
G overnm ent P rin ter.

B r i t i s h  G u ia n a  : R e p o rt on  th e  L ands and
Mines D ep artm en t, 1930. P ap er folio, v iii +  16 
pages. G eorgetown, D em erara  : D ep artm en t of
Lands and  Mines. L ondon : Crown A gents fo r th e  
Colonies.

O r e g o n .  Geology an d  W ate r  R esources of th e  
Middle D eschutes R iv er Basin. B y H . T. S t e a r n s . 
U nited  S ta tes Geological Survey W ater-S upp ly  
P ap e r 637-D. P ap e r covers, 220 pages, illu stra ted , 
w ith  m ap. Price 35 cents. W ashing ton  : Superin ­
ten d e n t of D ocum ents.

M in e r a l  R e s o u r c e s  o f  t h e  U n i te d  S ta te s ,  
1930. P a r t  I , pp . 1-15, A ntim ony, b y  P . M. T y l e r . 
P a r t  I I ,  pp. 69-71, F u lle r’s E a rth , by  j .  M i d d l e t o n  ; 
pp. 73-86, Salt, B rom ine, and  Calcium  Chloride, 
b y  A. T. C o o n s . W ashing ton  : S uperin tenden t
of D ocum ents.

NEW  C O M PA N IES R EG ISTER ED
A u r u m ,  L td .— R egistered as a  p riv a te  com pany  

O ctober 12. C a p ita l: ¿2,000 in  ¿1 shares. O b jec ts: 
To ca rry  on th e  business of a  prospecting, 
developing, and  financial association, etc ., an d  to  
ad o p t an  agreem en t w ith  th e  G abait T ribu ting  
Syndicate.

C o n s o l id a t e d  P la t i n u m s . — R egistered  O ctober 
21. Capital : ¿1,000 in  ¿10 shares. O bjects : To 
regulate th e  sales of th e  m ajor po rtion  of th e  w orld’s 
p latinum  o u tp u t. Subscribers : Lord B rabourne, 
Mr. J. G. Lane, Mr. J . E. Jansen , an d  Mr. D. Owen 
E vans. M anagers : Mr. P. L. G insburg and  Mr.
F. B. H ow ard W hite. Office : Im perial Chemical 
House, M illbank, S.W. 1.

E le c tr o ly t i c  C o p p e r  C o r p o r a t io n .— R sgistered  
as a p rivate  com pany. C a p ita l: ¿50,000 in ¿1 shares. 
Objects : To acquire from  F.C. M etal Processes 
inventions re la tin g  to  m etals.

H. A. W atson  an d  Co. (L iv e r p o o l  and  
L o n d on ) .— R egistered  as a p rivate  com pany on 
O ctober 5. C apital : ¿100,000 in ¿1 shares (25,000 
Six p er Cent. C um ulative Preference an d  75,000 
O rdinary). O bjects : To earn,' on th e  business of 
m ineral and  m eta l brokers, m erchants and  com ­
mission agents, fo rm erly  carried  on b y  H . A. 
W atson  and  Co. D irectors : Messrs. W . W.
Moyers. L. G. B eaum ont, T. R. W hitehead  and  
W . G. M oyers. Office : K30, E xchange Buildings, 
Liverpool.

DIVIDENDS D EC LA R ED
O r ie n t a l  C o n s o l id a t e d .— 50 cen ts., less tax , 

payable N ovem ber 5.
N o r th  B r o k e n  H i l l .— 2s., less ta x , payable  

D ecem ber 14.
P e n g k a le n .—P ref., 3d., less tax ., payable  

O ctober 31.
P e ta l in g .— 1 Jd ., less tax , payable  O ctober 31.
R a w a n g  C o n c e s s i o n s .— 6d., less ta x , payab le  

N ovem ber 30.
St.  John de l  R ey .— Pref., Is., free of t a x ;  Ord., 

9d., less tax , payable N ovem ber 20.
T r e p c a .— 3d., less tax , payable  N ovem ber 30.


