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E D IT O R IA L
IN the issue of the M a g a z in e  for November 

an extract was given of a report on 
cassiterite deposits in Uganda, the author 
of which was Mr. A. D. Combe, of the 
U ganda Geological Survey, not Mr. E. J. 
W ayland, as stated.

IN its forty-fourth year, th a t hardy annual 
Skinner’s “ Mining Year Book ” makes 

its appearance on the 18th of this m onth. 
This reference work, invaluable to all 
associated with the  industry, contains the 
particulars of all mining companies registered 
in this country or known on the London 
m arket. ___

IN August last the developments regarding 
the Im perial College Union and Hostel were 

noted here. I t  is now announced th a t, thanks 
to the generosity of Sir O tto Beit and the 
City and Guilds of London Institu te , the new 
building is to  be completed to  the full height 
of five storeys. The College is now assured, 
in the course of a year or two, of a resident 
population of 120, provided th a t in the m ean
tim e the required balance of £13,000 can be 
raised.

IT has been proposed th a t the D epartm ent 
of Mineralogy in Cambridge University 

should be replaced by two departm ents, 
each w ith its own chair—a D epartm ent 
and Chair of Crystallography and a D epart
m ent and Chair of Mineralogy and Petrology, 
which la tte r should be in closest possible 
relation with the D epartm ent of Geology. 
I t  is urged th a t the future development of 
crystallography lies mainly in fields bordering 
upon both physics and chemistry. Few 
will dispute th a t such is the case ; yet 
there are the strongest possible reasons 
for m aintaining a close liason between the 
three studies.

T H E revelation th a t w hat were thought 
to be the bones of a dinosaur near 

Tetuan are in fact nothing more than the 
relics of a hay-making machine belonging to 
a Spanish farmer who abandoned his property 
in 1917 during the Riff war m arks the end of 
yet another ‘ ‘ geological discovery. ’ ’ In  spite 
of the fact th a t the original explorers made a 
m istake in believing the curved iron teeth 
of the autom atic rakes to  be the ribs of a 
species of this reptile h itherto  known only 
in the Rocky Mountains, it is evident tha t 
they were right in giving their find a Trans
atlantic  origin because the machine is m arked 
w ith the name of a well known Canadian 
m anufacturer.

IT is encouraging to  note th a t the steel 
production of Great B ritain  in the past 

year a t 9,654,700 tons is the  highest, except 
for the m axim um  war ou tpu t in 1917. But 
for the fact th a t the figures for the month 
of December fell off considerably there is no 
doubt th a t the to ta l would have been a 
record. I t  is unfortunately not possible to 
speak in such optimistic term s of the industry 
as a whole. L ittle foreign competition was 
m et with, owing to  the dem ands on the 
Continent being in excess of supplies, bu t it 
is doubtful how long such conditions will 
prevail, as production in Germany and 
France is getting abreast of consumption 
and costs are lower in those countries.

FU R T H E R  progress has been made during 
the past m onth in the direction of 

restricting tin  production, the ranks of 
those to adopt the recom m endation of the 
Tin Producers’ Association having been 
joined, among others, by  the Osborne Chappel 
group and the Patino interests, whilst 
Nigeria is to reduce its output for the first 
quarter of the year by 20 per cent. W hether 
the policy of restriction will give the relief 
anticipated remains to be seen, the view 
held in some quarters being th a t a very much 
higher price for the m etal will be necessary 
in order to  counterbalance the effect on 
earnings of the reduced output.
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T H E  position of the Lena Goldfields, to 
which reference was made in the 

January  issue, would appear to  have gone 
from bad to  worse during the past month. 
Alleging delay in the paym ent of the wages 
of the workers, action was taken against the 
company, which was fined 25,000 roubles, its 
representative a t the  same tim e being 
sentenced to  eight m onths’ compulsory labour. 
Notice has also been given for the cancellation 
of the agreement between the Government and 
the concessionaire. Although the sentence of 
compulsory labour on the com pany’s repre
sentative has since been rem itted, recent 
events indicate th a t agreements w ith the 
Soviet Government are not too secure. 
Under the circumstances those contem plating 
the acceptance of appointm ents in Russia 
will doubtless appreciate th a t they run a 
great deal of risk.

PROFESSOR J.G.LAW N has been elected 
President of the Institu tion  of Mining 

and Metallurgy for the coming year and he
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will take office a t the annual general meeting, 
to be held in June instead of May on account 
of the South African congress. Professor 
Lawn was educated at the Royal School of 
Mines and, after early practice and teaching 
experience in Cumberland, was appointed 
in 1893 assistant to  Sir Clement Le Neve 
Foster a t South Kensington. Three years 
later he became Principal and Professor 
of Mining at the South African School of 
Mines, Kimberley. After leaving academic 
life for a time to  work as assistant consultant 
to the Johannesburg Consolidated Invest
ment Company, he returned to it when he was 
made Head of the Mining D epartm ent 
at Camborne. In  the meantime the South 
African School, after the Boer W ar, had re
moved to Johannesburg, and there Professor 
Lawn returned to his former position in 
1909. He definitely turned his back on 
teaching, however, only a short year later, 
when he was appointed Consulting Engineer 
to the Johannesburg group with which he had 
been previously associated, a position he has 
held to this day, in South Africa and in 
London. He is the author of a standard 
text-book of mine accounting. When 
Professor Truscott became President we 
said of him th a t he was fitly called a scholarly 
practitioner. Of this year’s president-elect 
may we say th a t he is a practical academician.

Trade C onditions

The annual meetings of the leading 
banks are invariably anticipated with much 
interest ; this year the pronouncements of 
the chairmen were awaited not only with 
interest but some measure of anxiety. 
Under the circumstances it is, therefore, 
satisfactory to learn th a t their summary of 
the present position is not unfavourable 
and tha t the future is not devoid of encourage
ment, although there is need for caution. 
Few years have witnessed more factors 
calculated to disturb business than 1929. 
General elections, whatever the result may 
be, are never welcome features and in 
addition the year witnessed serious inter
national as well as home troubles. T hat the 
country should have come through the 
trying times experienced as well as it has is 
cause for congratulation.

W hether due to the advent of a Labour 
G overnment or not, it is significant th a t 
during 1929 there were no serious trade 
disputes involving protracted stoppages of

work and this doubtless explains the 
improvement recorded in most of the 
industries of the country, Board of Trade 
figures showing increased production in 
m any industries, including non-ferrous 
metals, iron and steel, and engineering. That 
this should be the case is certainly gratifying, 
in view of the m any discouraging influences 
with which the country had to contend, one 
of the chief of which was dear money. If no 
great progress was made, there was no 
retrogression and the general trend was 
upward. W hether the movement in this 
direction is to continue seems to depend very 
largely on provision of further capital for 
the installation of new machinery, in order 
to bring processes up to date and enable 
the industries concerned to compete success
fully in the m arkets of the world. As has 
been rightly pointed out, it is not the 
province of the banks to provide t h i s ; 
their function is to furnish money for their 
customers’ current needs. Capital for per
m anent investm ent has to  come from the 
individual and some doubt is felt, in view 
of the present high cost of living and heavy 
taxation, whether there is a sufficient sum 
available from this source to meet the 
demand.

As was only to be expected, reference was 
made at most of the meetings to the dis
turbing influences which during the past few 
months have so seriously affected the com
mercial life of the country, due to the in
ordinate desire of some people to make money 
quickly, and the hope was expressed that this 
would prove to be only a tem porary aberra
tion from the high traditions of financial and 
commercial morality on which not only 
those at home bu t those abroad have in the 
past been accustomed to rely. In dealing 
with this subject the President of the 
Society of Incorporated Accountants and 
Auditors a t Liverpool last m onth advocated 
a drastic amendment of the company law 
and of Stock Exchange rules in order to 
restore the confidence of the public and 
referred particularly to the irregularities 
associated with the formation of in ter
locking companies and to the necessity of 
re-introducing the Stock Exchange rule as 
to dealing in vendor shares. I t  is satis
factory to learn tha t the la tter is likely to 
receive attention in the near future and it is 
to be hoped further amendments of the 
Companies Acts to meet the abuses which 
have recently been so prominently before 
us will not be long delayed.
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T h e In stitu tion  M eetin g
At the January  meeting of the Institu tion  

two papers of a widely differing nature  
were presented—the first, “ A Contribution 
to  the  Geology of the Manganese Ore- 
deposits in the Gold Coast Colony and 
in A shanti,” by Messrs. D. W. Bishopp 
and W. J. H u g h es; the second, “ The 
Influence of Wolfram on the ‘ Combined 
Tin ’ Content of Slags produced in the 
Smelting of Cassiterite,” by Messrs. K. V. 
Christie and E. O. Jones. The authors were 
not a t the  meeting, the first paper being 
presented by Mr. J. Allen Howe and the 
second by Dr. Sydney W. Smith. In  this 
connexion it is to be regretted th a t of late 
years m any papers have been subm itted 
in the absence of the authors. W hen they 
are abroad this is, of course, unavoidable, 
bu t when the authors are in this country 
i t  is surely desirable th a t they should sponsor 
their own work. The best-intentioned 
deputy  finds it  difficult to  im part th a t 
conviction w ith which the author himself 
would present his chosen theme.

Prior to the introduction of the subjects 
before the meeting, the President spoke 
of the decline in the num ber of papers 
presented for discussion at the Institu tion  
meetings. As he remarked, m any which 
formerly would have been received from 
overseas are now presented to  the local 
societies. In  these circumstances there is 
evidently some justification for the con
tention th a t it would be better if only one 
communication were accepted for discussion 
each evening, especially as almost invariably, 
when two papers are presented, only the 
first receives due attention. W ith the 
plea for more papers we are ourselves in 
sym pathy and there is certainly much to 
be said for the suggestion th a t the younger 
and perhaps less experienced members of 
the profession should be encouraged to 
come forward w ith their theses, discussion 
of which by the older members would be 
beneficial to  both. There is, however, 
another aspect of this m atter. I t  is well 
known th a t some mining companies, w ittingly 
or otherwise, place obstacles in the way of 
the publication of papers by  their officials, 
bu t this difficulty would not be experienced 
if it were more generally realized how much 
the engineer benefits, and in tu rn  the com
pany with which he is associated, by the 
free discussion of his work.

To revert to the papers, the manganese 
deposits of the Gold Coast Colony, discovered 
in May, 19 14 , by the D irector of the 
Geological Survey, came into prominence 
during the W ar, when those of the Caucasus 
were cut off and shipping difficulties curtailed 
the supplies from India and Brazil. W ork 
during this period of activ ity  was described 
in the M a g a z in e  for December, 1 9 1 7 , by 
Mr. Stanley H. Ford. The paper of Messrs. 
Bishopp and Hughes, which will be found 
summarized elsewhere in th is issue, con
tained a detailed account of the deposits 
of the Insu ta  area and th is p a rt of their 
communication appears to  be the most 
valuable, as allowance should be m ade for 
the fact th a t the authors would probably 
have been prepared slightly to  alter their 
regional geology had  they been in possession 
of the provisional geological m ap of the Gold 
Coast and W estern Togoland, which was 
only recently published. The work of the 
authors has, however, the stam p of thorough
ness and, in spite of the difficulties of the 
country and the desirability for more 
evidence, they have realized th a t in com
mercial geological work, as indeed in any 
geological work, it is useless to  m ake a plan 
in which a series of outcrops are left “ hanging 
in the a ir .” In  the conduct of such work 
the utm ost possible use m ust be made of 
tim e spent in the field, b u t in the office an 
intelligent interpretation  of the collected 
data  is advisable as it is possible th a t if the 
in terpretation is not formed by the geologist 
himself someone less capable will have no 
hesitation in jum ping to  desired conclusions. 
Contributions to  the discussion of this 
paper were made by Sir A lbert Kitson, 
Mr. H. K. Scott, Mr. J . H. Goodchild, 
and Professor C. G. Cullis.

The work of Messrs. Christie and Jones 
was in itiated  by a consideration of the 
penalties imposed by a tin-sm elting company 
in the S traits for the  presence of small 
quantities of tungstic oxide in tin  con
centrates. The au thors’ line of a ttack  
m ay be judged from the sum m ary of their 
paper, which will be found elsewhere. 
I t  was pointed out in discussion th a t the 
work was entirely on a laboratory  scale, 
bu t the results obtained are nevertheless 
extrem ely useful. Dr. Sm ith gave the 
discussion a good send-off and useful con
tributions were made by Dr. W. R. Jones 
and the President.
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M ining Laws
In  April, 1927, Mr. Gilbert Stone read 

a paper on mining law before the In stitu 
tion which was subsequently presented at 
the Second Empire Mining and Metallurgical 
Congress in Canada, but pressure of other 
im portant m atter a t the time prevented 
more than  a bare reference to the subject 
in the M a g a z in e  for May of th a t year. 
The presentation by the same author of 
a paper, which is in the nature of a sequel, 
before the Royal Society of A rts on January  
22 affords an opportunity  for examining 
a m atter which does not often present 
itself as a subject for discussion among 
mining men. In  his first paper Mr. Stone 
illuminated a number of aspects of the 
subject which tended to show, inter alia, 
the inter-dependence of the mineral develop
ment of a country and its wise adm inistration 
and made a plea for the removal of un
certainties as to the ownership of rights 
to minerals, whether of the royal or base 
metals, and also for the intensive prospecting 
of sparsely-populated Crown lands.

The author introduced his present thesis 
by reference to an amusing anomaly. As 
is well known, m any present-day legal 
codes are founded on the original Roman 
law and yet the framing of this law was 
substantially affected by a quaint belief 
current in those times th a t minerals grow 
and tha t a mine left alone long enough 
would be found to have replenished itself. 
Such a belief is comparable to the native 
Malayan conception of the growth of tin 
ore to which Mr. Scrivenor has so enter
tainingly alluded in his book “ A Sketch of 
Malayan Mining.” So far from minerals 
replenishing themselves, however, they m ust 
be regarded as wasting assets which once 
exhausted are lost. Moreover, they are 
essentially indigenous and belong to the 
country in which they are found and it is 
the duty of a Government to take care 
of the wealth th a t is but may cease to  be.

Mr. Stone adum brates several specific 
reforms which, in his position as legal 
consultant to the Advisory Council on 
Minerals of the Imperial Institute, will 
command respect. These deal with the 
rights of the prospector and of the miner, 
the need for the encouragement of both 
and of capital, the surety and length of title, 
the size of areas and terms of grant, and 
rents and royalties. His examination of 
each separate contention invests it with 
added interest and he makes it clear tha t

the aim has been, not only that of bringing 
into conformity the mining regulations of 
the Empire, but also the encouragement 
of active mineral discovery and develop
m ent by the removal of existing onerous 
conditions.

One im portant point which emerges more 
than once from this paper, and one which 
will be generally endorsed, is th a t it m atters 
not the nationality  of the prospector nor 
the country of origin of the development 
syndicate, except perhaps for reasons of 
sentiment. The foreigner who is assisting 
in the discovery and mining of natural 
resources is adding to the wealth of tha t 
country. In  cases of emergency it is merely 
a m atter of legislation to ensure th a t no 
mineral products are removed to alien 
countries. I t  is well to remember also 
in this as in other connexions th a t the 
chief gain to the State of the exploitation 
of mineral wealth lies, not in the fees, rents, 
and royalties received, but in the work 
done, the development effected, the industries 
thereby created, the labour employed, and 
the money circulated.

On the subject of the general question 
of prospecting and title, a prospecting 
syndicate which is com m itted to a large 
capital outlay of a very speculative nature 
in a region of which the geology is com
paratively or quite unknown expects more 
favourable treatm ent in the m atter of 
concessions than those who come later to 
exploit w hat has been made manifest, and 
provision ought to be made accordingly. 
In contradistinction to this, as the stage of 
production approaches the area licensed 
should tend to diminish, bu t it is less 
generally appreciated th a t the owners of 
such producing areas should have indefinite 
powers to expand in a direction which will 
enable them  to work a proved ore-body.

The legal committee to which Mr. Stone 
acts in an advisory capacity is one in which 
resides a considerable power to benefit 
the mining engineer operating in the 
Dominions and Colonies. The personnel 
of this committee is one to commend itself. 
I t  is questionable, however, whether 
sufficient weight is always attached to  its 
representations by some authorities overseas, 
though it is believed th a t the Colonial Office 
is fully aware of the value of the advice tha t 
has in the past been given and some overseas 
Governments have adopted its views and 
expressed their appreciation of the assistance 
rendered.
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In trod u ction .—W ith the price of tin 

continuing uncertain and the copper m arket 
in such a condition th a t prices seem to be 
artificially supported, the past m onth has 
been somewhat dull. A minor boom in 
Rhodesian copper shares has taken place on 
the news of high bore-hole values from the 
N ’Changa western extension. Trade con
ditions should be better, as the Bank rate 
has been lowered from 5% to 4J% .

T ran svaa l.—The output of gold on the 
R and during January  was 848,245 oz. and 
in outside districts 34,556 oz., m aking a 
to ta l of 882,801 oz., as compared with 851,134 
oz. in December. At the end of January  the 
num ber of natives working a t the gold mines 
was 190,663, as compared w ith 184,280 at 
the end of December.

The returns of the R and Chamber of 
Mines show th a t more than  31,000,000 tons 
of ore was milled during 1929, an increase 
of 446,000 tons on the previous year, and 
the gold obtained was 10,414,000 oz., an 
increase of 55,470 oz. W orking costs a t 
19s. lOd. per ton show a decrease of Id . per 
ton, bu t the revenue was 3d. per ton  lower. 
W orking profit was down £122,000 at 
£12,908,191 and dividends a t £8,413,616 
were £45,000 lower.

The Government of Northern Rhodesia 
is sta ted  to have advised the Government 
of the Union th a t recruiting of N orthern 
natives for work on the R and mines will not 
be welcomed, as all available labour is 
needed for the development of the copper 
fields. I t  is probable th a t the authorities 
concerned will be forced to abandon recruit
m ent in Rhodesia and the Union is re
opening negotiations w ith the Portuguese 
Government in order to  obtain labour from 
Mozambique.

In the last issue of the M a g a z in e  the 
adoption of an agreement between the 
Robinson Deep and the Village Deep was
announced. I t  is now stated  th a t the
Government of the Union, exercising its
powers under the Gold Law, will appoint a 
Commission to investigate the proposed
amalgamation.

S ou th ern  R h od esia .—The output of 
gold during December was 46,829 oz., as 
compared with 46,219 oz. in November and 
44,772 oz. in December, 1928. Other ou t
puts in December were : Silver, 6,694 oz. ; 
copper, 180 to n s ; coal, 111,885 tons ; 
chrome ore, 28,206 to n s ; asbestos, 3,971

tons ; mica, 13 tons ; diamonds, 9 carats. 
The to ta l output of gold for 1929 was 
560,813 oz., as compared w ith 576,113 oz. 
the year before, and the to ta l mineral 
production was valued a t £4,871,774, as 
against £4,448,311 in 1928.

In  Ju ly  last it was announced th a t 
developments a t the Shamva Mines had been 
unfavourable and th a t the  future depended on 
the results of work undertaken on the recom 
m endation of Dr. Malcolm Maclaren. This 
has been so discouraging th a t development 
operations have been discontinued. The 
poor results are due apparently  to the fact 
th a t the ore-bearing channels have become 
so wide th a t the ground can no longer be 
profitably treated  for its gold content. The 
work done has shown th a t there are no 
indications of any contraction in these 
w idths and it is intended to close down the 
mine after crushing and treating  the payable 
ore available.

The Mayfair mine has been compelled, 
by the failure of a suction-gas engine, to 
cease milling. Development work will be 
carried on pending the  replacem ent of the 
engine, which it is expected will be completed 
in about six m onths.

Southern Rhodesia Base Metals Corpora
tion has informed its shareholders th a t the 
option to  purchase 75,000 of the unissued 
£1 shares of the corporation, which was 
granted to the Rio T into Company, has not 
been exercised.

The ore reserves of the Globe and Phoenix 
mine a t the end of 1929 are estim ated at
100,500 tons, containing 115,600 oz. of gold, 
representing an increase of 14,300 tons 
as compared w ith the end of the previous 
year.

N orth ern  R h od esia .—Shareholders of 
the Rhodesian Congo Border Concession have 
heen informed of results from three bore
holes situated in the  “ New D iscovery” area 
of the N ’Changa Copper Mines. Bore-hole 
N.E. 16 has cu t the western extension of the 
“ Dambo ” lode at a depth of 285 ft. and 
from 285 ft. to  300 ft. was in ore averaging 
3'26%  copper. At 330 ft. another ore- 
horizon was encountered and from 330 ft. 
to  355 ft. the copper content averaged 
13'04%. Bore-hole N .E. 8 is placed more 
centrally between the outer limbs of the 
N ’Changa fold. This hole entered an ore- 
horizon at 1,270 ft. and was reported to  be 
still in ore a t 1,363 ft., the 93 ft. of ground 
averaging 1105%  copper. Bore-hole N .E.
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10, situated about J  mile N.W. of the last 
hole, encountered ore a t 1,160 ft. and at 
1,170 ft. was still in payable ground, the 10 ft. 
averaging 5'56% copper. The results to date 
on the western extension of the N ’Changa 
property and on the Chingola property 
seem to indicate th a t copper-values increase 
towards the west. Development work has 
been continued on the main vertical shaft, 
which is situated on the River Lode, and 
which at December 31 last had reached 
634 ft. A t this point sinking has been 
suspended, pending the installation of 
further power plant.

Rhodesian Selection Trust has issued 
preliminary results from bore-hole No. 28 
on the Mufulira property. This hole, 
situated between bore-holes Nos. 7 and 15, 
has shown th a t a section through these 
three holes shows an average thickness of 
98'6 ft. of mineralized ground averaging 
8'88% copper. Baluba bore-hole No. 10, 
beginning at a depth of 796 ft., has passed 
through 5’8 ft. of ground averaging 4'83% 
copper.

G old C oast.—In the annual report of the 
Ashanti Goldfields Corporation the ore 
reserves a t the end of the financial year— 
September 30 last—are estim ated a t 590,200 
tons, of an average value of 25-2 dwt., an 
increase of 40,800 tons in quantity  and 1 dwt. 
in value for the year. The blocks of ore in 
Ashanti, Ayeinm, and Justice’s mines are a t 
present classed as “ unpayable ” and are not 
included in the reserves. During the year 
108,007 tons of ore was treated  and yielded 
118,095 oz. of fine gold and 6,570 oz. of 
silver. In addition 41 oz. of gold was 
recovered from sundry sources. The to tal 
recovery averaged 21-88 dwt. per ton and the 
metallurgical plant gave a theoretical extrac
tion of 92-7%. Im provem ents on the plant 
are not yet completed, bu t much larger 
tonnages can now be handled. There was a 
net profit for the year of £203,584 and 
£162,500 was distributed as dividends, equal 
to 65%.

N igeria. -The fall in the price of tin 
has induced the Government to reduce 
rents on mining leases from 5s. to Is. per 
acre and on mining rights from £1 to  4s. 
per 100 yd., whilst all labour obligations 
have been suspended for six months.

A u stra lia .—At the last annual meeting 
of the W iluna Gold Corporation it was 
intim ated th a t additional capital would be 
required to bring the company to the pro
ducing stage. I t  is now announced th a t

the Federal Government of A ustralia and 
the W estern Australian Government have 
expressed their willingness to guarantee the 
provision of £300,000 for th is purpose.

Developments a t the Lake View and Star 
continue to be favourable. I t  is now stated 
th a t in cross-cutting east on the 3,260 ft. 
level of the Golden Horse-shoe section at 
a point 368 ft. south of the shaft ore assaying 
65s. per ton over 7 ft. has been disclosed. 
I t  is also stated th a t the rich telluride ore 
disclosed west of the south drive on the 300 ft. 
level in the Lake View section has been 
driven on for 26 ft. The ore has been con
sistently rich, assaying in places 30 oz. per 
ton  over 54 in.

The first section of the plant to trea t 
the Golden' Horseshoe tailings dump, 
estim ated at 2 \  million tons, value 7s. lOd. 
per ton, was due to  be completed a t the 
beginning of February and the second 
section is expected to be ready at the 
beginning of March. Each section is 
designed to deal with 20,000 tons a month.

A circular issued by Federation Tin Mines 
states th a t negotiations are in progress for 
the provision of the funds required to 
complete the mill. So far this has only been 
working a t one-third of its capacity and 
losses have been incurred. W ith the full 
plant in operation it is calculated th a t it 
will be possible to  work a t a  profit with tin 
a t its present price. I t  is also proposed to 
extend the redemption period of the 
debentures for a further five years. Recent 
developments on the Fowler and Dunn lode 
are sta ted  to have exposed ore averaging 
6% over 3 ft.

M alaya.—Shareholders of the Taiping 
Tin Dredging Company are informed th a t 
it has been decided to acquire 40 acres of 
area “ A ” out of the 121 acres selected by 
Mr. Mungo Park. This area of 40 acres is 
estim ated to contain 2,366,000 cu. yd. of 
ground averaging 0'4 k a tty  per cu. yd. By 
their agreement with the Government the 
purchasers m ay move the electric trans
mission line which traverses the “ A ” and 
“ B ” areas and re-erect it  on a m utually 
agreed site. Area “ B ” is gradually being 
acquired as the option agreements expire. 
This area contains 210 acres selected for 
dredging which are estim ated to  contain
13,950,000 cu. yd. of ground averaging 
0-628 k a tty  per cu. yd. Negotiations are 
proceeding with the South Taiping Company 
for the purchase of their dredge, which has a 
capacity of 130,000 cu. yd. per month.
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A progress report issued by Kam par 
Malaya Tin Dredging shows th a t during 
the three m onths ended December 31 
last 672,000 cu. yd. of ground was treated  
yielding 239 tons of tin concentrates. I t  
was originally estim ated th a t 150,000 cu. yd. 
of ground would be treated  per m onth, 
recovering 58 tons of concentrates. I t  is also 
sta ted  th a t working costs have been reduced 
to  3 |d . per cu. yd., which is equivalent to 
£45 per ton of concentrates.

C ornw all.—W heal Reeth has been forced 
to  close down owing to  the fall in the  price 
in tin . The company is endeavouring to 
raise fresh capital, as it is desired to double 
the capacity of the existing mill.

U n ited  S tates.—The effort of the copper 
producers in the U nited States to hold the 
price of them etal a t 18 cents per lb. is probably 
responsible for the closing down of certain 
of the M ontana copper mines. So far three 
mines have been closed down and other 
employees of the Anaconda Company have 
been placed on part time. I t  will be recalled 
th a t in the U nited States an agreement exists 
w ith the interested unions by which wages 
vary  w ith the selling price of copper.

P a n a m a .—A progress report issued by 
Panam a Corporation, L td., contains 
encouraging results. The value of the 
Sabalo River deposits has been confirmed 
and prospecting operations are being 
actively continued in the Darien Concession. 
The upper tunnel of the Hatillos district, 
Mina Blanca, has now been driven for 541 ft. 
on the lode. Lead and gold values are 
persistent. The lower tunnel is now 1,597 ft. 
long and has also been driven entirely in 
ore. On Panam a No. 1 the 4th level has 
been driven 2,000 ft. under the m ain ore- 
body and a series of cross-cuts made a t the 
extrem e end of the tunnel have disclosed an 
ore-body 29 in. wide, w ith an average 
value of £4 8s. per ton. W ork has recom
menced on the 6th level and a t a depth of 
4 67  ft. the lode is 72 in. wide and assays 
£5 5s. per ton.

M exico .—The annual report of the San 
Francisco Mines of Mexico shows the 
estim ated ore reserves a t September 30 
last to  be 1 ,4 5 8 ,9 0 0  tons of ore fully blocked 
out and 4 3 5 ,6 0 0  tons partly  blocked out, 
as compared w ith 1 ,1 9 4 ,0 0 0  tons and
3 4 9 ,0 0 0  tons respectively a t the end of the 
previous year. The sulphide ore averages 
8 T 7 %  lead, 1 0 '3 3 %  zinc, 0 ’7 %  copper, 
and 230  gms. silver and 0 ’87 gm. gold per

ton. The ore milled was 307,450 tons, as 
compared w ith 300,010 tons the year before. 
The net profit for the year was £333,589, 
out of which dividends am ounting to  3s. 9d. 
per share were paid, the ra te  being 37j% . 
There was a shortage of power during the 
year and a 1,800 k.w. steam -driven electric 
power p lant was erected, coming into opera
tion on December 1 last.

Jap an .—The last report of the Chosen 
Corporation showed th a t owing to  the 
embargo placed by the Japanese Govern
m ent on the export of gold it was not always 
possible for the corporation to obtain the 
best price for its products. The raising of 
the embargo on Jan u ary  11 was followed by 
the first shipm ent of gold on Jan u ary  21.

Diam onds.—The yearly report of Messrs. 
J . K. Smit and Zonen contains interesting 
inform ation on small crystalline diamonds. 
As an effort to  counteract the rising price of 
carbons, the use of small crystals for diamond 
drilling purposes has been developed. By 
the new m ethod a drill-crown ready for use 
can be supplied a t half the price of a single 
carbon and it is calculated th a t the  large 
saving in cost is not offset by  loss of drilling 
efficiency.

The production of alluvial diamonds in 
the Transvaal during 1929 was 1,046,802 
carats, valued a t £2,587,741, or 96,500 
carats less than in the previous year.

The report of the  De Beers Consolidated 
for the  year ended June 30 last points out 
th a t, while accounts do not reveal any 
improvement in the  com pany’s diamond 
sales during the year, there has been evidence 
of a gradual absorption of stocks which 
have accum ulated in the hands of the trade. 
The absorption has been m ade possible by 
the greatly reduced ou tpu t from alluvial 
fields and should improve the sta te  of the 
diamond m arket. During the year no 
mining was done a t the De Beers or 
Kimberley mines, bu t 4,720,776 loads of 
blue ground, averaging approxim ately 0'23 
carat per load, was hoisted from the 
Wesselton, Bultfontein, and D utoitspan 
mines.

A circular to shareholders of the Con
solidated Diamond Mines of South-W est 
Africa states th a t prospecting on the 
marine terraces in the area north  of the 
Orange River in the Sperrgebiet is pro
ceeding favourably. W ork has shown th a t 
the diamond-bearing terrace has a length of 
20 miles and it is estim ated th a t the reserves 
are 1,750,000 carats.



GEOLOGY AND MINERAL RESOURCES OF 
SIERRA LEONE

By N. R. JU N N E R , D.Sc., D.I.C., M.I.M.M.
Director of the Geological

I n t r o d u c t o r y .—Sierra Leone is  the oldest 
of the British W est African Crown Colonies. 
I t  comprises the Colony, having an area of 
250 square miles, and the Protectorate
27,000 square miles. The Colony was 
founded in 1787 as a perm anent settlem ent 
for freed slaves, and in 1808 the Crown took 
over complete control. The Protectorate 
was proclaimed in 1896. I t  is bounded on 
the north-west, north, and north-east sides 
by French Guinea, and on the south-east 
by Liberia.

Survey of Sierra Leone

and its beautiful surroundings, is the main 
port and principal town and it is the head
quarters of the Government. Bonthe is 
the second port. The Government railway, 
2 ft. 6 in. gauge, provides the chief means of 
communication w ith the Protectorate. The 
m ain line from Freetown to Pendembu is 
227 miles long, and the branch line from 
Bauya to K am abai is 104 miles long. At 
the present tim e there are about 500 miles of 
m otor roads. These are mainly feeder roads 
to the railway. The Government is actively

G r a n i t e  H i l l s

The white population is about 1,000 
and the to tal African population is 
a little  over 1,500,000. The density of the 
population—57 per square mile—is slightly 
greater than th a t of Nigeria, and almost 
three tim es as great as th a t of the Gold Coast. 
The African population of the Colony 
consists largely of “ Creoles” English- 
speaking descendants of the original settlers. 
The dom inant tribes of the Protectorate 
are Mendes, Temnes, Limbas, Sherbros, 
Konnos, Korankos, Susus, Kissis, Lokos, 
and Yalunkas. For the most part these 
tribes are pagans, bu t in certain districts, 
for example, Port Loko, Kambia, and 
Karene, m any of them  have adopted the 
Mohammedan religion.

Freetown with its fine natural harbour
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engaged in the construction of pioneer roads, 
and by the end of 1930 there will be nearly
1,000 miles of roads fit for m otor transport.

The chief exports from Sierra Leone are 
palm kernels and palm oil. These comprise 
about 60% of the to ta l annual value of the 
exports, and are the chief source of revenue 
to the Government. In  consequence the 
prosperity of Sierra Leone is largely 
influenced by the price of these products. 
Kola nuts, ginger, and piassava rank next 
in the list of exports. Cocoa, coffee, and coco
nuts are grown in certain districts, but they 
have not yet become im portant exports. 
Rice is the principal food crop of the natives 
and both hill rice and swamp rice are grown 
on an extensive scale.

The latitude of Sierra Leone ranges from
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6° 55' N. to  10° N. The climate is tropical 
w ith a  heavy rainfall and high atmospheric 
hum idity. In  the plateau area of the h in ter
land the hum idity is less than  near the coast 
and the climate is better.

There is a single rainy season lasting from 
about the end of May to  the end of October. 
Near the coast about 75% of the annual 
rain falls during the period June  to 
September, but inland the season is longer. 
The rainy season is preceded, and followed, 
by a period of thunderstorm s. The average 
rainfall over the whole of the country is more 
than  100 in. per annum, and it decreases 
gradually from about 140-150 in. on the coast 
to about 90 in. a t K abala. Records kept 
a t Freetown show th a t a m arked reduction 
in the rainfall has taken place during the 
last 40 years.

In  general the m axim um  range of 
shade tem perature is from 70° to  95°, but 
from December to  February  or March the 
“ harm attan  ”—a dry wind coming from 
the N .N .E .—blows and the days are hotter, 
and the nights cooler, than  usual.

P h y s io g r a p h ic  F e a t u r e s .—The principal 
physiographic divisions of the country are 
as follows :—

(1) The mountainous peninsula of the 
Colony.

(2) The coastal belt.
(3) The inland plateaux and mountains.
(1) The Colony m ountains consist of a 

complex of basic igneous rocks (gabbros, 
norites, etc.) elongated roughly parallel to 
the coast line. The m ountains rise abruptly  
from the sea to  an elevation of about 3,000 ft. 
They are thickly wooded and well watered, 
the average rainfall being between 150 and 
200 in.

(2) The coastal belt extends inland for a 
distance up to  100 miles from the coast. 
I t  is relatively flat, and rises gradually 
from sea level to  about 500 ft. a t the foot of 
the scarp m arking the edge of the plateau 
region. Isolated hills, and ranges of hills, 
rise from the plain. The coastal m argin is 
low-lying and the chief rivers are tidal for 
m any miles from the sea.

(3) The north-eastern portion of the 
Protectorate is an elevated p lateau and 
m ountainous region, the bulk of which is 
between 1,000 and 2,000 ft. above sea level. 
Rising above th is are other plateaux and 
m ountain ranges. The most im portant of 
these upland areas are as follows :—

(a) The Loma m ountains, consisting of 
a  prom inent granite plateau nearly 200

square miles in area and about 5,000 ft. 
above sea level. Several peaks rise above 
th is level. B intum ane w ith an altitude of 
about 6,000 ft. is the highest of these peaks.

(b) The Tem bikunda highlands, a t the 
source of th e  Niger River, consisting of a 
granite plateau, w ith a general altitude of 
between 2,000 ft. and 3,000 ft., surm ounted 
by numerous peaks and m ountains rising to 
above 4,000 ft. Sankan Birawa, w ith an 
altitude of nearly 6,000 ft., is the highest 
of these peaks.

The Niger River has its source in this 
p lateau on the Anglo-French boundary at 
an elevation determ ined by  aneroid baro
m eter as about 2,650 ft. above sea level. 
The Sewa River, the largest river in Sierra 
Leone, and the Meli R iver—a branch of the 
Moa River—also have their source in this 
plateau.

(c) The Kagnari and Sula m ountains 
extend in a north  and south direction, for 
a distance of about 80 miles, from Mongeri 
(Central Province) to  near Kondem baia 
(Northern Province). The K agnari moun
tains are highly dissected and thickly 
wooded and reach an altitude of nearly
2,000 ft. The Sula m ountains rise to  3,000 ft. 
in the K oinadugu district and for long 
distances range from 2,000 ft. to  2,500 ft. in 
altitude. The K agnari and Sula m ountains 
are composed of m etam orphosed ancient 
sediments and lavas in truded  by granite. 
Promising prospects of alluvial gold have 
been found a t several places in streams 
draining these rocks. The K am bui hills 
in the Kennem a and Pangum a districts of 
the Central Province are composed of similar 
rocks to  those in the  K agnari and Sula 
mountains. The K am bui hills are continuous 
w ith the Nimini m ountains, which are com
posed largely of g ranite w ith  patches of 
schistose rocks.

(d) The Saionya or Talla plateau (Karene 
D istrict, N orthern Province). This is part 
of the extensive F u ta  Jalon  highlands of the 
neighbouring p a rt of French Guinea. Near 
Saionya the p lateau is bounded by an escarp
m ent rising abruptly  to  an altitude of about
2,500 ft.

Geology. The Colony and Protectorate 
of Sierra Leone were geologically examined 
by Dr. F. D ix ey 1 during the  period 
1919-21, and as a result of Dr. D ixey’s 
work, and th a t of the  present Geological

1 T he Geology of S ierra Leone, Q .J.G .S ., Vol. 
lxxxi, p t. 2, 1925, and  R ep o rts of th e  Geological 
Survey for 1919, 1920, and  1921.
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Survey, the broad geological features of 
the country are moderately well known, 
although very little  detailed work has been 
undertaken up to the present.

A provisional classification of the main 
geological formations is given below. The 
accompanying geological map shows the 
surface distribution of these formations.

(1) Pleistocene ? Sediments.
(2) Basic Igneous Intrusions.
(3) Saionya Scarp Series.
(4) Rokell River Series.

(5) Igneous Intrusions. Granitic rocks 
and subordinate basic igneous rocks.

(6) M arampa Schist Series.
(7) Kam bui Schist Series.
(8) Crystalline Schists and Gneisses of 

the Coastal belt.
The youngest rocks are the Pleistocene ? 

beds—sands and clays with, in places, some 
lignite—of the coastal belt. A few marine 
shells of recent type have been found in these 
beds near Freetown, and fragments of plants 
are common locally in the shales.
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The next rocks, in order of age, are the 
flat bedded sandstones and shales, with 
intercalated sills of dolerite, forming the 
Saionya Scarp. Disconnected patches of 
false-bedded arkose and conglomerate in 
the Kam bia D istrict are probably of the same 
age. These beds are part of an extensive 
formation, nam ed “ Gres siliceux horizon
tau x  ” by the French geologists. Grapto- 
lites,1 indicating a Middle Silurian age for 
the beds, have been found in shales of the 
“ Gres siliceux ho rizon taux” at Telimele, 
French Guinea, N.W. of Saionya.

The beds of the Saionya Scarp Series rest 
unconformably on a thick series of shales,

sandstones, and conglomerates, w ith in ter
calated silicified lavas and ashes, for which 
the name “ Rokell River Series ” 2 has been 
proposed. In  general the  rocks of th is series 
are folded and cleaved, bu t only slightly 
metamorphosed. No fossils have been found 
in the sediments and apart from dykes of 
dolerite, no igneous rock is known to intrude 
the series.

The sediments of the Rokell River Series 
generally form plains covered by grass and 
orchard bush, while the volcanic rocks form 
hills and low ridges. The sandstones are 
water-bearing and the paucity  of w ater in 
the streams draining these rocks is a 
characteristic feature.

1 J . H . Sinclair. D iscovery of S ilurian Fossils 
in F rench  Guinea, Journal o f Geology, pp. 475-8, 
1928.

2 F. Dixey. T he Geology of S ierra Leone, 
Q .J.G .S., Vol. Ixxxi, p t. 2, 1925, an d  R eport 
of th e  Survey for 1920.

A vast unconformity separates the Rokell 
River Series from the older igneous and 
m etam orphic rocks. The sequence of the 
metam orphic rocks is im perfectly known, 
but it is believed th a t the M arampa Schist 
Series is the youngest, and th a t the crystalline 
schists and gneisses of the coastal belt are 
the oldest, of these rocks.

The M arampa Series is composed largely 
of argillaceous phyllites and sericite-schists, 
w ith subordinate quartz-schists and green 
and black ortho-schists. Numerous small 
masses of granite in trude the rocks forming, 
in places, composite gneisses. The general 
trend of the M arampa schists is between

N. and N.N.W. Dips are usually steep, 
bu t owing to  the fact th a t the beds are in 
places puckered and contorted, the dip 
varies widely in direction and amount.

In  the K am bui hills, and in the Sula and 
K agnari m ountains, the  prevailing rocks are 
highly metam orphosed schists of sedim entary 
and igneous origin having a general trend 
between N .N .E. and N.E. The name 
" Kam bui Schists ” is proposed for these 
rocks. The schists are older than  the biotite 
granite of the Protectorate. They are also 
intruded by muscovite-granite, and are 
penetrated by tourm aline and muscovite- 
pegm atites, and by numerous quartz  veins 
and dykes of dolerite. O uartzites, banded 
ironstones, quartz-schists, and mica-schists 
are the m ost prom inent rocks of sedim entary 
origin, and hornblende-schists, talc-schists, 
amphibolites, serpentine, and chlorite-schists 
are the chief igneous types. Limestone and 
dolomite are very rare but it is possible th a t

M o u n t  S i m b a , N o r t h - e a s t  K o n n o .



FEBRUARY, 1930 77

some of the amphibolites have been derived 
from calcareous sediments.

Deposits of chromite, hem atite, and gold 
have been found in the Kam bui Schists.

The Crystalline Schists and Gneisses of 
the coastal belt form a wide trac t running 
roughly parallel to  the coast line. The 
prevailing rocks are gneisses and granulites 
rich in hornblende and garnet. In  certain 
localities pyroxene-granulites and biotite- 
and graphite-gneisses are prom inently 
developed.

Granite is the m ost abundant intrusive 
rock and covers about half of the

importance. These are followed by moderate 
am ounts of anorthosite, and small volumes of 
peridotite, and other rocks. The peridotites 
are unusually rich in FeO and they are 
interm ediate in composition between the 
ordinary peridotites and the unique 
hortonolite dunites of the Bushveld. Dykes 
of beerbachite, dolerite, and micropegmatite 
occur in concentric and radial tension fissures 
formed by the sagging of the central portion 
of the cooled mass. Titaniferous iron ores 
(ilmenite and titanom agnetite) form 
persistent bands on one horizon in the lower 
part of the intrusion. Chromite is apparently

S e w a  F a l l s — 1 1 0  f t . h i g h — n e a r  P u n d a r u , C e n t r a l  P r o v i n c e .

Protectorate. The predominant type is a 
foliated biotite-granite, but hornblende- 
granite and muscovite-granite, and syenitic 
and granodioritic modifications, occur in 
certain areas. Near Kamabai and Binkolo, 
and in several other districts, the granite 
forms vertically fluted domes and pinnacles 
rising to as much as 2,000 ft. above the 
surrounding country.

The m ountain mass of the Colony of 
Sierra Leone together with the Banana 
Islands, is a portion of a very large basin
shaped sheet of basic igneous rocks of 
uncertain age. The floor of the intrusion 
is not visible and the roof rocks have been 
removed by erosion.

The rocks have a stratiform  arrangement, 
and they show a well defined prim ary banding 
(fluxion structure).

Olivine gabbro (including olivine-rich 
troctolite and olivine norite) is the most 
abundant rock in the intrusion. Ordinary 
gabbro and norite are next in order of

rare. Deposits of alluvial platinum  have 
been found in the York district.

Several other similar basic intrusions and 
swarms of related dolerite dykes occur close 
to, and parallel to, the coast line between 
French Guinea and Liberia. I t  is possible 
th a t the fissures in which these linear 
intrusions occur were developed by crustal 
movements connected w ith the formation 
of the coast line.

M in e r a l  r e s o u r c e s .—Prior to the for
mation of the present Geological Survey very 
little was known regarding the mineral 
resources of Sierra Leone. There had been 
practically no mining (apart from native 
workings for iron ore), and minerals did not 
figure in the list of exports. No mineral 
deposits of commercial importance had been 
found and it was genefally believed th a t the 
mineral resources of the country were 
negligible. During the past three years the 
Geological Survey has discovered deposits of 
gold, platinum, hem atite, chromite, ilmenite,
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and other minerals, and it is believed th a t the 
exploitation of the m ineral resources will 
soon become an im portant factor in the 
economic development of the country. Sierra 
Leone, w ith her great potential water-power 
resources, her waterways and fine harbour, 
and her proxim ity to  Europe and N orth 
America, has m any natu ra l advantages and 
these will m aterially assist in the development 
of the mineral resources.

Gold.— Recent work by the Geological 
Survey has shown th a t gold is associated 
w ith the Kam bui schists of the K agnari and 
Sula m ountains over a length of about 90 
miles, from the Seli River near Kondem baia

sta te  in the form of small nuggets, as large 
and small p itted  grains, and as crystals and 
dust. Two nuggets—one weighing 7-4 grams 
{4f dwt.) and another weighing 1-66 gram s— 
were found by the w riter in the branch of 
the W hale River heading from York Pass, 
and other nuggets up to  about 4 dwt. in 
size have been found by the mining companies 
in the course of prospecting. The platinum  
is associated w ith large quantities of ilmenite 
(see analyses in Table II) and a little  magne
tite  and scanty chromite. The ilmenite 
is likely to  be a valuable by-product of 
platinum  mining. An analysis made by 
the Im perial In stitu te  of the crude platinum

F i e l d  C a m p , S a i o n y a .

(Koinadugu district) on the north  to  near 
Mongeri (Moyamba district) on the south. 
This work was purely of a reconnaissance 
nature, bu t sufficient evidence was obtained 
to  show th a t alluvial gold is widely distri
buted and th a t the Sula-Kagnari schist-belt 
is well w orthy of very careful prospecting. 
The localities from which the most 
encouraging prospects were obtained 
are indicated on the geological map 
accompanying th is paper. Exclusive pro
specting licences for gold covering an area 
of about 50 square miles have been applied 
for in the neighbourhood of the Pam pana 
River near Masombiri. Elsewhere in Sierra 
Leone alluvial gold has been found in several 
localities bu t not in encouraging quantities.

P la tinum .—Alluvial platinum  is widely 
d istributed in beach and stream  gravels in 
the Peninsula of Sierra Leone and promising 
deposits have been located in the York 
district. The platinum  occurs in the native

washed from the Big W ater near York Pass 
gave the following result :—Platinum , 87% ; 
osmiridium, 1-3% ; palladium , 2-0% ; 
iron, 9-9%. No system atic exam ination of 
the rocks for platinum  has been made and 
the alluvial platinum  has not yet been traced 
to  its source.

Exclusive prospecting licences aggregating 
about 20 square miles in area have been taken 
up for platinum . These licences are now 
being surveyed and prospected.

Iron .—Sierra Leone is very rich in iron 
ores and extensive deposits of high-grade 
hem atite and m agnetite containing from 
50% to 65% iron are known. The M arampa 
hem atite deposits, owing to their favourable 
situation, are the m ost promising from the 
commercial standpoint. The m ain ore-bodies 
form two prom inent hills—M asaboitanki 
hill and Bafila hill—which are situated , 
respectively, about two miles and four miles 
W.S.W. of the village of Marampa, Port
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Lokko District. Masaboitanki hill is about 
550 ft., and Bafila hill about 250 ft., above 
the general level of the surrounding country. 
Smaller deposits of hem atite form two 
ridges on the north  side of Masaboitanki 
hill and a low ridge between Bafila hill and 
Limri. Development work, by means of 
shafts and adits, on M asaboitanki hill 
indicates th a t the m ain ore-body occupies 
the eastern half of the hill and has a strike 
averaging about N .N .E. true. At the N .E. 
end of the hill dips are near vertical, but 
elsewhere they are m ostly to  the S.E. a t 
angles between 30° and 60°. The same 
features are to be seen in practically all the

end of M asaboitanki hill, bu t large bodies of 
hem atite are also exposed, and these should 
persist in depth.

At the foot of M asaboitanki hill on the 
northern side there is a large deposit, ranging 
up to  20 ft. or more in thickness, of cellular 
lateritic limonite and hem atite with abundant 
included blocks of hem atite. This deposit 
has been formed by the cementation of ore 
and lateritized rock debris fallen from the 
adjoining hill.

H em atite outcrops all over the top, which 
is roughly 300 yards in diameter, and the 
upper slopes of Bafila hill. Shafts have been 
sunk on the top of th is hill and these show

T A B LE I. — A n a l y s e s o f  I r o n O r e s .

(1)
V

(2)
V

(3)0/ (4)o/ (5)o/ (6)0/
(7)

SiO,
/o

1-90
/o

1 -55 Fe
/o

61 -89
/o

58-22
/o

56-43
/o

60-50
/o

60-59
• 3 18 4-16 Mn 0-067 0-181 1-209 — —

Fe2Os . 89-40 88-93 S i0 2 2-93 0-71 1 -436 0-69 0-96
FeO . 1 -35 1 -47 P 0-048 0-021 0-035 0-008 0-007
M g O  . 0-14 0-03 s 0-117 0-115 0-096 0-165 0-162
CaO . 0-24 0-27 Ti 0-002 0-003 0-002
h 2o  + 2-24 2-31 Cr Nil 0-008 0-004
h 2o  — 0-76 0-73 Cu 0-007 0-003 0-006
CO 2 . None None As 0-029 0-008 0-054
TiO., . 0-23 0-23
P 0-04 0-04
Cl Trace Trace
s 0-09 0-10
M n 0-14 0-18

Total Fe 63-6 63-4

(1) Bulk sam ple from to p  of M asaboitanki H ill, east end. (2) Bulk sam ple from top  of Bafila H ill. 
(3) Bulk sam ple from  “ R  " ridge n ear road. (4) B ulk sam ple of secondary ore a t  north  foot of M asaboitanki 
Hill. (5) Bulk sam ple of secondary ore n ear w est of M asaboitanki H ill. (6) N ear Keim adugu, south-w est 
Koinadugu D istrict. (7) N ear Sokoya, south-w est K oinadugu D istrict.

workings on the main ore-body, namely, 
a thin capping of loose boulders of hard  ore 
beneath which is a layer—conforming roughly 
to the contour of the ground surface of 
hard red, brown, and black ore. This layer 
varies in thickness from a few feet up to at 
least 35 ft. and apparently  averages between 
15 and 20 ft. in thickness. Near the bottom  
of this layer the ore becomes softer, and 
darker in colour, and it passes gradually 
downwards into lam inated high-grade 
pulverulent specular hematite. Parallel 
partings, and th in  lenticular beds, of the 
wall-rock muscovite-schist occur in places 
in the specular hem atite. These partings are 
often puckered and contorted in the same 
way as the surrounding hem atite and 
wall-rocks.

A large quantity  of cellular secondary 
ore—in places 50 ft. or more thick—composed 
of hem atite and limonite, with some 
manganiferous iron ore, occurs in the western

th a t high-grade hard ore having an average 
thickness of about 17 ft. overlies pulverulent 
specular hem atite.

The analyses (1 to 5) in Table I are of air- 
dried samples from the various deposits. 
Analyses (1) and (2) in Table I show a 
striking resemblance to  one another, and 
prove th a t the ores are almost wholly 
hem atite. At the surface, and in the mine 
workings, there are no indications of iron- 
bearing carbonates or iron sulphides from 
which the ores could have been derived, and 
the analyses show th a t this mode of origin 
is unlikely. The pulverulent specular 
hem atite is believed to be the prim ary ore. 
There is very little evidence in favour of a 
replacement origin for this ore, and the 
available evidence supports the view th a t it 
represents ancient (probably Pre-cambriaji) 
beds of iron ore which have been 
subsequently metamorphosed.

I t  is understood th a t the development work
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up to  the present tim e has - indicated the 
existence of more than  10 million tons of 
high-grade hard  ore averaging about 57% 
iron, and in addition about 5,000,000 tons 
of high-grade pulverulent specular hem atite 
and it  is anticipated th a t the quan tity  of 
the la tte r type of ore will be considerably 
increased w ith deeper development work. 
The falls and rapids in the Rokell River near 
Lankono, w ithin 10 miles of the  deposits, 
are capable of supplying large quantities of 
power, if needed for the development and 
smelting, of the ores. The company owning 
the M arampa concession is a t present 
negotiating w ith the Government w ith the 
view of opening up the deposits on a large 
scale.

have a strike of 30° m agnetic and they  are 
intruded by foliated biotite-granite. Assays 
of a large num ber of samples show th a t the 
content of Cr20 3 in the  two m ain deposits 
varies from 39-55% to 48% and averages 
about 45% . The physical condition of the 
chrom ite is good and th e  analyses indicate 
th a t it should be suitable for the m anufacture 
of ferro-chrome. The specific grav ity  of 
samples of the ore ranges from 4-0 to  4-2.

A nother large deposit of chrom ite was 
located a t the village of Jalahun, situated 
2-|- miles south of Senduma, and 15 miles 
by  road south of Blama, which is 169 miles 
by rail from Freetown. The chromite 
occurs in altered serpentine which in places 
is changed to talc-schist. Some chalcedony

T a b l e  I I .— A n a l y s e s  o f  T i t a n i u m  O r e s

(A)
%

(B)
%

(C)
%

(D)
0//o

(E)
%

(F)o/, 0
(G)
%

(H)
%

F e 20 3 51 -21 25-06 76-64 46-90 — 50 • 56 — —
FeO . — 28-02 — — — — — —
TiO„ . 48-42 42-34 11-57 52-91 52-29 49-49 49-96 46-81
v 2o ;, . — 0-38 0-69 — — — — —
C r20 3 . — nil 3-76 — — — — —

(A) and  (B) are from the  deposit of m assive ilm enite  in  th e  no rite  n ear H astings. (C) is th e  average 
of tw o  analyses of sam ples from  Mt. Aureol. Sam ples (D) to  (H) a re  from  "  b lack  sand  ” deposits ; (D) is 
from  th e  W hale R iver e stu ary  near Y ork ; (E) is from a  beach deposit a t  Y o rk ; (F) is from  th e  Toke R iv e r ; 
(G) is from  th e  Orugu R iv er near H a s tin g s ; and  (H) is from  th e  B ig W ate r n ear Y ork  Pass.

Extensive deposits of high-grade hem atite 
and m agnetite w ith low phosphorus content 
occur in the banded ironstones near the 
villages of Sakasakala, Keimadugu, and 
Sokoya, in south-west Koinadugu D istrict. 
Analyses of two samples of the  ores are 
given in Table I.

Lateritic iron ores (ferruginous laterites) 
are found in m any places in the  Colony and 
Protectorate. Many of the deposits are 
extensive, bu t they rarely average 50% 
iron. Until recently, in the northern part 
of the  P rotectorate lateritic iron ores were 
smelted by the natives. This industry 
has now died out owing to  the cheapness of 
im ported iron tools.

Chromite.—Large lenses of massive 
chromite occur in the Kam bui schists near 
the village of Gerihun, which is situated 
about 6 miles north  of H angha (188 miles 
by railway from Freetown), and about 3 
miles west of the m otor road from H angha 
to Lago. Two large bodies, and one or two 
small occurrences, of chromite have been dis
covered, and others probably exist in the same 
district. The chromite occurs in talc-schists 
and serpentine, which are associated with 
hornblende-schist and subordinate banded 
ironstone and muscovite-schist. These rocks

and good quality  talc are associated with 
these rocks. An intrusion of granite occurs 
near by. The chrom ite varies from brownish 
black compact ore, showing in places the 
crystalline structure of the chromite, to a 
rock composed of fairly closely spaced 
octahedral crystals of chromite in a greenish 
m atrix  of flaky talc. The specific gravity  of 
the chromite ranges from 3-8 to  4-05. Assays 
show th a t the C r,0 3 content ranges from 
31-4% to  43-8% and averages 36-43%. This 
deposit is of lower grade than  those near 
Gerihun, bu t a m oderately large quantity  
of chrom ite assaying about 40% Cr20 3 can be 
obtained from the deposit and ore of this 
grade is in dem and for use as a refractory. 
Furtherm ore, the grade of the chromite 
can be raised by concentration as it contains 
a good deal of in terstitial talcose material.

The Kam bui hills have not yet been care
fully examined and it seems reasonable to 
expect th a t other deposits of chrom ite will 
be found in the course of time.

T itan ium .— Ilmenite and titanom agnetite 
are widely d istributed in the  Peninsula of 
Sierra Leone. They occur as pseudo
stratified deposits, and as veins and segrega
tions in the norite complex, and as large 
deposits, in places several feet thick, of
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“ black s a n d ” in beach and river gravels 
in th e  same area. One prominent band of 
massive ilmenite and titanom agnetite has 
been traced from near Hastings to 
Mt. Aureol, Freetown. For a length of 
about half a mile near Hastings the ore-body 
appears to  be a t least 7 ft. thick and consists 
essentially of ilmenite. Analyses of these 
are given in (A) and (B) Table II. At 
Mt. Aureol one p it showed a thickness of at 
least 15 ft. of titaniferous magnetite.

Of the “ black sand ” deposits those of the 
Whale River estuary are probably the largest, 
and they are apparently  the richest in T i0 2. 
I t  is of interest to  note th a t these deposits, 
as well'as those in the Big W ater and Toke

River, contain a good deal of alluvial 
platinum.

Owing to the close proxim ity of the 
ilmenite occurrences to the port of Freetown 
and their high content of TiOs, it should be 
profitable to work some of them  and 
particularly is this the case of the deposits 
containing both platinum and ilmenite. 
During recent years the demand for ilmenite 
for the manufacture of white paint has 
increased very considerably and there are 
indications th a t the demand will continue 
to increase.

Rutile is very abundant in the gravels of 
the little Searcies River for a few miles below 
the confluence with the Mabole River. 
Abundant granular ilmenite accompanies 
the rutile.

Manganese.—Several occurrences of 
manganese oxides have been found over a 
length of about 45 miles in the Sembehun 
2—4

and Gbangbama districts, Southern Province. 
The deposits appear to have been formed by 
the weathering of granulites and gneisses 
rich in manganese garnet, and containing 
some graphite. An assay of a sample from a 
deposit near Bradford shows 16-7% Mn and 
5-6% graphite, and a sample from near 
Gbangbama assayed 21-5% Mn, 37-2% 
S i02 and 7-8% Fe. The known deposits 
are conveniently situated for transport, but 
they are of too low a grade for commercial 
use. The Sembehun and Gbangbama 
districts have not been carefully examined 
and it is possible th a t other manganese 
deposits of a more promising nature exist 
in these districts.

Corundum .—This mineral is abundant in 
certain districts where granitic rocks have 
invaded basic igneous rocks and sediments 
of the Kam bui Schist series. Near 
Kondembaia, Koinadugu district, the 
corundum is said to  occur in large boulders 
which are apparently shed from a lode near 
by. A large deposit of spinel, probably 
100 ft. wide, occurs in talc-schists and 
serpentine in the same area. Near Kangam a 
and Lago corundum is abundant in stream  
gravels, and concentrates from streams on 
the m otor road north of Lago consist almost 
wholly of corundum and chromite. The 
bulk of the corundum is opaque and trans
lucent, bu t a  little of it is transparent.

Bauxite .—Bauxite of medium quality has 
been noted in several places in the Colony 
and in the Protectorate. No detailed work 
has been done on any of the occurrences and 
in consequence nothing can be said at present

Q u a r t z  R e e f , n e a r  K u k u n a , G r e a t  S c a r c i e s  R i v e r .
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regarding their size and average quality. 
The occurrences in the Colony, owing to  their 
favourable position, are w orthy of investiga
tion. Some of the bauxite contains a 
relatively large am ount of T i0 2. Three 
analyses of bauxite are given in Table III . 
Sample No. 1 is from W aia, Koinadugu 
district, and samples Nos. 2 and 3 are from 
near B athu rst and Hastings, respectively, 
in the H eadquarters d istrict of the  Colony. 
The bauxite near Hastings is largely derived 
from the  w eathering of anorthosite and 
anorthositic gabbro.

T a b l e  I I I . — - A n a l y s e s  o f  B a u x i t e

(1) (2) (3)
% % %

S i0 2 . 1-83 0-77 1 -35
A120 3 49-58 52-37 54-13
Fe2Os 20-35 14-84 11-75
T iO z . 1-83 1 -42 1 -64
H 20  (total) — 29-45 —

Other Minerals. — O th e r m in e r a ls , so m e  of
which m ay be of commercial im portance, are 
talc, mica, lignite, graphite, asbestos, garnet, 
zircon, and monazite. Talc and brittle  
fibre asbestos occur in places in the Kam bui 
schists ; alm andine garnet and graphite 
are common in the crystalline rocks of the 
coastal belt ; m ica is found in pegm atites 
in m any parts  of the country ; and small

seams of lignite have been found in the 
sediments of the coastal plain near Newton. 
Zircon and rutile are widely d istributed 
and are heavily concentrated in the gravels 
of m any of the rivers of the Southern and 
N orthern Provinces near tide-w ater level.

Water Power.—The potential water-power 
resources of Sierra Leone are considerable. 
The average rainfall over the whole of the 
country is more than  100 in. per annum  and 
the run-off is large. Nearly all the big rivers 
descend from the p lateaux  in the  north
eastern portion of the Protectorate on to 
the coastal plain by a series of falls and rapids, 
and in their course over the coastal plain 
im portant falls and rapids exist in places. 
The following details are given of some of 
the more im portan t falls on certain of the 
large rivers which have been examined.

The m ain fall on the Sewa River near 
Pundaru  is 105 ft. high and the river falls 
about 300 ft. in about 1 |  miles. The Rokell 
River above Bum buna, Koinadugu district, 
drops about 200 ft. in two miles. At the 
B itiri falls on the Pam pana R iver above 
Masombiri the river falls about 120 ft in 
0-15 mile. The Taia R iver below Jagbila, 
east of Mongeri, Moyamba district, descends 
approxim ately 275 ft. in 3 miles and includes 
a fall of 110 ft. in about 0-45 mile.

TH E VOLUMETRIC ESTIMATION OF LEAD 
BY TH E  CHROMATE METHOD

By J. E. C L E N N E L L , B.Sc.(Lond.), A .I.M .M .

Introductory.—This is the m ethod generally 
recommended for the estim ation of small 
quantities of lead, say for am ounts ranging 
from 5 to  50 mgr. Under suitable conditions 
the m ethod m ay be applied to  larger 
quantities, a t least up to  200 mgr. Many 
modifications of the process have been 
suggested, bu t all depend on the precipita
tion of the lead from a hot acetate solution 
by means of a soluble chrom ate or bichro
mate.

The precipitate actually obtained is not 
the normal chrom ate shown by the reaction : 
Pb (C2H 30 2)2 +  K 2C r04 =  P b C r0 4 +  
2KC2H 30 2, bu t an acid chromate, which 
m ay be represented as P b C r0 4 +  xCrO.,, 
the composition of which varies w ith the 
conditions of precipitation. This circum
stance affects all the suggested modifica
tions of the process described below.

Methods of Employing the ChromateReaction. 
— In the following paragraphs, (1) to  (6), are 
given a num ber of m ethods of employing 
the process, num bers (1) and (2) being 
direct methods and num bers (3), (4), (5), 
and (6) indirect methods.

(1) The lead solution is titra te d  by 
means of a  standard  chrom ate solution, 
the end-point being ascertained by means 
of an external indicator, for example, 
silver nitrate. (Ibbotson and Aitchison, 
“ The Analysis of Non-Ferrous Alloys ” (1915), 
pp. 58, 59.)

A very delicate end reaction is said to 
be obtained by using S-diphenyl carbazide 
as indicator, which will give a violet colora
tion w ith one part of chrom ate in a million 
of the acetic acid-lead solution. (Oddo and 
Beretta, Gaz. chim. ital. (1909), 39 (i),
671 ; Ibbotson and Aitchison, loc. cit., 59). '
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(2) The lead is precipitated as chromate 
from a boiling solution of the acetate (or 
of the sulphate dissolved in a soluble 
acetate) ; the precipitate is filtered off 
and washed free from soluble chromates. 
The lead chromate is then dissolved in cold 
concentrated sodium chloride and hydro
chloric acid, or in cold HC1 (1 : 1), and 
the chromic acid in this solution titra ted  
by means of K I and thiosulphate. (A. H. 
Low, “ Technical Methods of Ore Analysis,” 
5th edition (1911), 144-149.)

(3) A measured quantity  of standard 
chromate or bichrom ate is added in excess, 
and the excess then determined by a colori
metric method. (C. and J. Beringer, “ Text 
Book of Assaying,” 9th edition (1904), 214- 
218.)

(4) Chromate or bichromate is added in 
excess, filtered from lead chromate, and 
the excess of soluble chromate in the 
filtrate titra ted  by means of ferrous sulphate 
or ferrous ammonium sulphate. (Ibbotson 
and Aitchison, loc .'c it., 59.)

(5) Chromate or bichromate is added in 
excess, filtered, and the excess chromate 
determined by adding K I and titra ting  
the liberated iodine w ith thiosulphate. 
(Diehl, Zeit, anal. chem. (1880), 306 ; Ibbo t
son and Aitchison, loc. cit., 49-50. Cervi. 
Chem. Centr. (1904); ii, 1343.)

(6) The lead is precipitated as chromate, 
filtered off and dissolved in NaCl -f- HC1 
as in (2). The solution thus obtained 
is then mixed w ith phosphoric and sulphuric 
acids, a few drops of diphenylamine and a 
measured excess of standard  ferrous 
ammonium sulphate added, and the excess 
of the la tte r titra ted  w ith K 2Cr20 7 or 
KM n04. (W. W. Scott, “ S tandard Methods 
of Chemical Analysis,” 4th edition, 278b.)

In the investigations described below, 
Method No. 2 only was used. This was 
selected because it  appeared to  be, on the 
whole, the simplest and most direct. Only 
one standard  solution, namely, sodium 
thiosulphate, is required, and the amount 
of this used in each titra tion  varies directly 
with the am ount of lead present.

The indirect methods (3) to (6) involve 
back titra tion  of excess reagent, and con
sequently require two standard solutions 
of known strength. Method No. 1, which 
is also direct, was rejected as it involves 
the use of an external indicator, which 
was not thought desirable in dealing with 
small quantities of lead.

Standardization o f the Thiosulphate.—This

is best done on weighed quantities of pure 
lead foil. The procedure is varied somewhat 
according to  the am ount of lead in the 
assay.

General Method of Standardization for  
Quantities of 5 to 100 mgr. Weigh out a 
quantity  of lead foil approxim ately equal 
to the am ount of lead in the portion of 
ore or alloy to  be taken for assay. Place 
in a 200 cc. conical flask, add 10 cc. HNOs 
(1 :4 ), warm to dissolve, cool, add 5 cc. 
conc. H 2S 0 4, boil to strong white fumes, 
cool, add 30 cc. of water, boil, cool to  room 
tem perature, allow to  settle thoroughly, 
decant the clear liquid through a 9 cm. 
filter leaving the bulk of the P bS 04 behind 
in the 200 cc. flask.

(The washing with H 2S 0 4 (1 : 9) which is 
necessary in the assay at this stage m ay 
apparently be om itted in standardizing 
without affecting the result. For very small 
quantities, such as 5 to 25 mgr., it is advisable 
to  reduce the amounts of H 2S 0 4 and of 
water to  be added after boiling to  fumes : 
thus for 5 mgr. Pb, use 1 cc. conc. H 2S 0 4 
and subsequently add 5 cc. water, and 
similar amounts in proportion for quantities 
of Pb up to  25 mgr., otherwise there is an 
appreciable loss of P b S 0 4 by solution in 
the liquids used.)

Prepare a solution of ammonium acetate 
containing 2 parts by weight of the solid 
salt in 1 part by weight of water. The 
m ixture m ust be warmed gently to  dissolve ; 
on cooling it forms a nearly saturated  
solution. In most cases 5 to  10 cc. of this 
solution will suffice for complete solution 
of the lead sulphate, but enough must 
be used in all cases to  give a perfectly 
clear solution. Add the ammonium acetate 
solution, not more than 5 cc. a t a time, 
direct to  the precipitate in the 200 cc. 
flask, w ithout dilution, heat just to  boiling 
and see th a t all precipitate dissolves on 
agitation.

Pass the liquid through the 9 cm. paper 
previously used, collecting the filtrate in 
a clean 300 cc. flask. E x trac t thoroughly 
w ith hot water, rinsing the 200 cc. flask 
out w ith the same, and make the filtrate 
up to  about 150 cc. If not distinctly acid, 
add a few drops of dilute acetic acid.

Add sufficient potassium chromate to 
precipitate all the lead and to  give a distinct 
yellow colour to  the solution, after boiling 
and settling. 5 cc. of normal solution 
(9’7% K 2C r04) is sufficient in all cases ; 
when the am ount of lead is small the amount
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of chrom ate m ay be reduced. H eat to  boiling 
and keep boiling gently, w ith occasional 
agitation for 7 minutes. The precipitate 
should be orange-coloured and should settle 
rapidly in a clear solution.

Allow to  settle for a few m inutes, then 
decant the  clear solution through a  9 c.m 
paper filter. W ash by decantation with 
hot w ater until the liquid passes through 
colourless and no yellow stain due to soluble 
chrom ate remains on the paper. About 
50 cc. of wash w ater is generally sufficient.

Place the funnel containing the filter 
in the neck of the flask in which the lead 
chrom ate was precipitated. Pass through 
the filter 15 to 20 cc. of cold HC1 (1 : 1), 
pouring th is round the edges of the paper 
and allowing the liquid to  flow through 
into the  flask. See th a t all precipitate 
is dissolved, and if necessary add more 
HC1 (1 : 1). Now run 50 cc. of cold distilled 
w ater through the filter, collecting th is 
also in the same flask. There should be 
no separation of PbCl2 under these 
conditions. A small precipitate m ay be 
disregarded, bu t larger amounts, if formed, 
should be filtered off and washed free of 
soluble chromate.

To the solution of the lead chrom ate in 
HC1 add 0 5  grm. KI. There is an immediate 
liberation of iodine in accordance w ith the 
reac tion :—
H 2C r04 +  3K I +  6HC1 = 3 1 +  CrCl3 +  

3KC1 +  4H 20 .
There should be no separation of lead 

iodide. If any forms, allow the solution 
to  settle, carefully decant the bulk of the 
liquid into another vessel and add conc. HC1 
until the P b l2 has dissolved. The decanted 
liquor m ay then be poured back, generally 
w ithout any re-precipitation of P b l2.

T itra te  a t once w ith a  dilute solution 
of sodium thiosulphate, adjusted so th a t 
1 cc. =  about 1 mgr. Pb. (For the strength 
of thiosulphate required see a la ter para
graph headed “ S tandard Thiosulphate.” ) 
When only a faint iodine colour remains, 
add a few drops of starch solution to  which 
a little caustic soda has been added, and 
finish the titra tion  drop by drop, agitating 
after each addition, un til the blue colour 
given by  the starch changes suddenly to  
a very pale green. When the proper 
conditions are observed, the end-point is 
quite sharp.

Standardization for Quantities of 100 to 
200 mgr. o f Lead.—When less than  100 mgr.

of lead is present there is seldom any 
difficulty in obtaining a sharp end-point 
in the titra tion , if the conditions detailed 
above are adhered to  ; little  or no separation 
of PbCl2 or P b l2 occurs and such quantities 
as are formed are quickly re-dissolved in 
the acid solution.

W ith larger am ounts of lead, however, 
these substances m ay be formed in consider
able am ount and, although they  do not 
appear to  affect the result of the titra tion  
of the chromic acid otherwise than  by 
obscuring the end-point, it is desirable to 
remove them , or a t least to  minimize the 
quantities present.

I t  was found th a t the best results were 
obtained by  (1) largely increasing the 
am ount of HC1 (1 : 1) used in dissolving 
the P b C r0 4 and (2) increasing the dilution 
of the final solution before titra tion . If 
a sufficient q uan tity  of HC1 has been used 
there will be no precipitation of PbCl2 
on dilution, and no precipitation of P b l2 
on addition of KI. The am ount of KI 
m ay also be increased, up to  1 grm.

The conditions given in Table I were 
found suitable.

T a b l e  I.

Lead N H 4Ä K 2C r0 4 HC1

T otal
volum e
before

taken . (2 :1 ) . 9 -7% . 1 : 1 titra tio n . KI.
mgr. c.c. c.c. c.c. c.c. grm.
100 5 5 20 250 0-5
150 10 6 30 300 0-75
200 15 7 40 350 1 0

Instead of dissolving the settled precipitate 
of P b S 0 4 in N H 4A and passing the whole 
of this solution through the filter, collecting 
in another flask (as described for small 
quantities), it is preferable, when the amount 
of lead is over 100 mgr., to proceed as 
follows :—

Place the funnel (containing the filter 
paper through which the H 2S 0 4 was 
decanted) in the  neck of the  flask containing 
the bulk of the Pb S 0 4. H eat the required 
am ount of N H 4A (2 :1 )  in a  small beaker 
nearly to  boiling. Pour the whole or a 
part of th is round the edges of the paper 
so th a t the whole of the paper is saturated 
w ith N H 4A solution. Any N H 4A not used 
in th is way m ay be added direct to  the 
precipitate in the flask. Place the flask 
(with funnel in neck as described) on the 
hot plate and allow the liquor to  flow through. 
As the acetate solution filters very slowly 
in the cold it is necessary to  m aintain  the 
heat near boiling point. W hen all or most
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of the liquid has passed through and when 
the whole of the P b S 0 4 in the flask has 
dissolved, wash thoroughly w ith hot water 
and dilute the filtrate to  about 150 cc.

The rest of the process is carried out as 
described for smaller quantities, except 
tha t the larger am ount of reagents indicated 
above m ust be used and the solution finally 
made up to  a  volume of 250 to 350 cc.

In dissolving fairly large quantities of 
lead sulphate in ammonium acetate (2 :1 ) 
it was sometimes observed th a t a precipitate 
of needle-shaped crystals made its appear
ance. This is easily distinguishable from 
undissolved P b S 0 4 and readily dissolved 
on dilution w ith hot water. The precipitate 
is possibly a double sulphate of lead and 
ammonium ; in any case its formation does 
not affect the final result.

precipitated separately by K 2C r04 exactly 
as described under standardization. These 
are filtered off, dissolved in HC1 (1 :1 )  
and titra ted  separately with K I and 
thiosulphate as already described, and the 
sum of the results taken as representing 
the am ount of lead in the sample.

Standard Thiosulphate.—A solution suit
able for titra tion  of small quantities of lead 
by the chromate method is prepared by 
dissolving 3-65 grm. of sodium thiosulphate, 
Na2S20 3-5H20 , in water and diluting to 
1 litre. 1 cc. of th is solution =  1 mgr. Pb 
(approximately). The exact standard should 
be ascertained by trial, and as it varies 
slightly w ith varying quantities of lead, 
the thiosulphate should be standardized 
on approxim ately the quantity  which will 
be present in the assay sample. A stronger

Lead K 2C r0 4.

T able II . 
Volume 

HC1. before
Thio

su lphate Thios. Lead
Test taken . 9-7% . 1 : 1. titra tio n . required. 1 c.c. found.
No. mgr. c.c. c.c. c.c. c.c. mgr. Pb. mgr.*

1 I 1 10 44 1-2 0-83 1-07
2 2 2 10 46 2-4 0-83 2-14
3 3 3 10 39 3-3 0-91 2-94
4 4 4 10 56 4-3 0-93 3-83
5 5 5 10 55 5-25 0-95 4-67

* Using th e  mean: factor 1 c.c. thios . =  0-89 mgr. Pb.

If the final solution is too concentrated 
there may be a difficulty, even if no P b l2 
is precipitated, in distinguishing the end
point owing to  the intensity of the green 
colour of the CrCl3 solution produced, 
the change from blue to green not being 
sufficiently obvious. The degree of dilution 
should therefore be increased proportionally 
with increasing quantities of lead.

Application of the Chromate Method to 
the Assay of Lead in  Galena.—The lead is 
brought into solution exactly as described 
in a previous article on the “ Volumetric 
Estimation of Lead by the Molybdate 
Method,” published in the M a g a z in e  for 
September, 1929. Briefly, this is done 
by digesting a weighed quantity  of the ore 
(say 0'5 grm.) successively w ith HC1, H N 0 3, 
and H 2S 0 4, evaporating to fumes, cooling, 
diluting with 30 cc. water, boiling, cooling, 
filtering, washing by decantation with 
H 2S 0 4 (1 :9 ), extracting the P b S 0 4 from 
the _filter-paper by digestion w ith hot 
NH4A (2 : 1) and finally diluting with hot 
water.

When the portion of ore taken for assay 
contains over 200 mgr. of Pb, it is advisable 
a t this stage to  divide the solution into 
two or more portions, which are then

standard solution may, if desired, be used 
for larger quantities.

N1 cc. ~  thiosulphate =  6 • 82 mgr. Pb

(approximately).
Experimental Results.—The remainder of 

this paper is occupied by a description of 
experimental results (1) in standardization, 
and (2) in estimation of lead in galena.

(la) Tests on very small Quantities of 
Lead.—A solution of lead nitrate was prepared 
by dissolving 1 grm. lead foil in 20 cc. 
H N 0 3 (1 : 4) and diluting to  1 litre, so th a t 
1 cc. =  1 mgr. Pb. Tests were made on 
quantities ranging from 1 cc. to 5 cc. (that 
is, 1 to  5 mgr. Pb). I t  was not found 
practicable to  precipitate these as P b S 0 4 
and convert to  P bC r04 as described in the 
previous part of this paper. Dilute N H 4OH 
was, therefore, added in slight excess, 
giving a turbid ity  of Pb(OH)2 which was 
cleared by addition of dilute acetic acid. 
The am ounts of K 2C r04 shown in Table II 
were then added, boiled, filtered, and 
titra tion  w ith K I and thiosulphate made 
in the regular way. The results show a 
progressive dim inution in the am ount of 
thiosulphate used per mgr. Pb as the amount 
of Pb is increased.
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(1&) Tests on Quantities of 5 to 20 mgr. 
Lead.—These were made in the  regular 
way, except th a t the am ounts of H 2S 0 4, 
of water added after boiling w ith H 2S 0 4, 
and of K 2C r0 4 used were proportional 
to  the am ount of lead taken. The results 
are shown in Table III . 0-5 grm. K I was 
added in each case, and 50 cc. w ater after 
extraction w ith HC1.

(lc) Tests made on Quantities of 10 to 
50 mgr.—These were carried out in the 
regular way (see Table IV). The quantities

of lead present, and th a t the final solution 
was largely diluted before titra tion . Under 
these conditions the results are closely 
proportional to  the am ounts of lead 
taken.

(2) Estimation of Lead in  Galena.— 
0-5 grm. of the finely ground sample, 
m arked L9, was taken, and trea ted  with 
10 cc. conc. HC1 ; 5 cc. conc. HNOs was 
then added and boiled gently for 10 min. ; 
cooled, 5 cc. conc. H 2S 0 4 added, boiled to 
strong white fumes, cooled, 30 cc. water

T a b l e  I I I .
W ater

Lead h 2s o 4 a fte r  N H .À . K X rO ,. HC1. T hiosu lphate. L ead
T est taken . conc. h 2s o 4. 2 : 1 .  4 -85% . 1 : 1 . used. 1 c.c. found.
No. mgr. c.c. c.c. c.c. c.c. c.c. c.c. m gr. Pb . mgr.*
1 5 2 5 5 2 15 5-1 0-98 4-94
2 10 4 10 5 4 15 10-4 0-96 10-07
3 15 6 15 5 6 15 15-7 0-96 15-20
4 20 8 20 10 8 15 20-55 0-97 19-89

* C alculated from  m ean factor 0 ■ 968.
T able IV.

Lead T hios. Thios. Lead
T est tak en . requ ired . 1 c.c. = found.
No. mgr. c.c. m gr. Pb. mgr.*

1 10 1-95 5-13 9-96
2 30 5-9  5-08 30-15
3 50 9-75 5-13 49-82

M ean 5-11
* C alculated from  m ean facto r 5-11.

T a b l e  V.
Volume

Lead N H 4Â. HC1. before Thios. Thios. L ead
T est foil. 2 : 1. 1 : 1 .  t itra tio n , requ ired . 1 c.c. = found.
No. mgr. c.c. c.c. c.c. c.c. m gr. Pb. mgr.*

1 100-7 5 20 245 20-3 4-96 101-1
2 150-4 10 30 247 30-15 4-99 150-1
3 200-2 15 40 346 40-1 4-99 199-7

* C alculated from  m ean facto r 4 • 98.

used in each test were 5 cc. conc. H 2S 0 4 ; 
30 cc. w ater after boiling w ith H 2S 0 4 ; 
5 cc. 2 :1  N H 4Â ; 5 cc. 9-7%  K 2C r0 4,
15 cc. 1 :1  HC1, 50 cc. cold w ater wash, 
and 1 grm. KI. The thiosulphate used 
was 5 times the strength of th a t used in 
the previous tests, or about 18-25 grm. 
N a2S20 3-5H20  per litre. In  test No. 3 
there was a separation of P b l2 ; this was 
dissolved, after settling and decanting, by 
addition of conc. HC1 and the solution 
added to the main liquid.

(id) Tests on Larger Quantities of Lead 
(100 to 200 mgr.)—The conditions were 
as follows (see Table V) :— H N 0 3 to 
dissolve lead foil, 10 cc. HNOs (1 :4 ) . 
H 2S 0 4 conc. 5 cc., boiled to  fumes. W ater, 
after H 2S 0 4, 30 cc. N H 4Â (2 :1 )  5 to  
15 cc. (as required), K 2C r0 4 5 to  7 cc.

I t  will be seen th a t the am ount of HC1 
used was proportioned to the qu an tity

added, boiled, settled and cooled to  room 
tem perature. The liquid was then poured 
off through a 9 cm. filter and the residue 
washed by decantation w ith 100 cc. H 2S 0 4 
(1 :9 )  passing the washes through the filter. 
The hlter-paper was then rem oved and placed 
in the flask w ith the settled precipitate, 
10 cc. of N H 4A (2 : 1) was added, heated, 
and the liquid poured through a fresh 
9 cm. paper. A further 10 cc. N H 4A was 
added, heated and poured off through the 
same filter. 50 cc. of w ater was then added, 
boiled and filtered as above, followed by 
5 cc. N H 4A and 25 cc. water. The original 
hlter-paper was then placed inside the 
second filter and extracted _ w ith  100 cc. 
of hot water. Total N H 4A (2 :1 )  used 
25 cc. ; to ta l w ater used 175 cc. ; volume 
of filtrate 200 cc.

This filtrate was divided into two parts, 
which were separately precipitated by
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addition of 5 cc. K 2C r0 4 (9-7%) and boiling 
for 7 to  10 minutes, settled, filtered and 
washed with about 160 cc. hot water.

The residue from the N H 4A extraction 
was tested by further treatm ent with 5 cc 
hot N H 4A (2 : 1) and 25 cc. hot water ; 
the filtrate gave no reaction w ith K 2C r0 4.

The P bC r04 was dissolved by passing 
cold HC1 (1 :1 )  through the filters ; any 
undissolved residue, or PbCl2 which separated 
on standing, was dissolved in conc. HC1.

Total HC1 (1 : 1) used 80 cc. ; conc. HC1 
15 cc. ; water wash 212 cc. ; thiosulphate 
required 63-5 cc. ; 1 cc. thiosulphate =
4-85 mgr. Pb ; lead found =  308-0 mgr. =  
61-6%.

This result agrees well with th a t obtained 
on the same sample by the molybdate 
method.

General Remarks.—The results obtained 
show th a t the method may be applied

successfully for quantities of lead ranging 
from 5 to 200 mgr. provided th a t the proper 
conditions of precipitation and dilution 
are observed. The essential factors are :—

(1) Precipitation of the lead chromate 
from a boiling solution in the form of the 
orange precipitate which can be readily 
filtered and washed.

(2) Complete removal of all soluble 
chromate by hot water washing.

(3) Use of sufficient HC1 to  decompose 
the lead chromate and also to  prevent 
precipitation of PbCl2 or P b l2.

(4) Sufficient dilution of the final solution 
before titration, this dilution being roughly 
proportional to the am ount of lead to  be 
titrated.

The author again desires to express his 
obligations to  the authorities of the Chelsea 
Polytechnic for facilities accorded in carrying 
out these researches.

DEEP DREDGING IN MALAYA
By F. G. P A Y N E

T h e  au th o r d esc rib es  specia l p ro b lem s asso c ia ted  w ith  th e  design  of a d re d g e  for w inning  tin -concen tra te s
from  d ee p -ly in g  a lluvia l deposits.

The problem of discovering new dredging 
properties in Malaya is becoming increasingly 
difficult, as the well known tin-fields have 
already been developed to  a very large extent. 
Efforts are being made continually to improve 
the design of dredges in order th a t working 
costs may be decreased, and thus permit of 
the development of low-grade ground which 
would not be payable with the older type of 
machine.

A number of dredging areas in Malaya 
have not been developed previously on 
account of the depth of the ground being too 
great for normal dredges to  bottom, and here 
an outline description is given of a type of 
dredge designed to  dig to a depth of 120 ft. 
or more below water-level. Two dredges of 
this type are now in successful operation in 
the Federated Malay States. These are owned 
by the Ayer H itam  and Hongkong companies.

Dredging to a depth of 90 ft. and over was 
accomplished in New Zealand some years 
ago, by lowering the dredge below the surface 
of the ground and employing long elevators, 
thus dividing the depth between actual 
dredging depth below water and delivery of 
spoil above water. By this method a com
paratively short ladder was sufficient. This 
system, however, is not practicable in Malaya, 
where the natural water level is, in most 
cases, very near the surface of the ground.

I t  was necessary therefore to devise a system 
which would dredge the full depth from the 
surface of the ground.

The special problems associated w ith deep 
level dredging are essentially mechanical, 
as the method of treating the wash and the 
separation of the mineral are the same 
whether the dredging be deep or shallow. 
The main and obvious features necessitated 
by the deep dredging are, firstly, the provision 
of a specially long ladder and long chain 
of buckets, and secondly, the disposal of 
the large bulk of tailings. The ladder must 
be of such length as will permit of the depth 
being reached, and the additional length 
of bucket chain increases the pressure on the 
bucket pins and top tum bler bearings. These 
considerations in themselves do not involve 
methods of calculation other than those 
with which the dredge designer has normally 
to deal.

The above details, however, do not entirely 
dispose of the question, and it is necessary 
to  make a close enquiry into what takes 
place as the buckets dig up the wash and 
gradually plough their way across the 
working face. The passage across the face 
is effected by the pull of the sidelines acting 
on the hull of the dredge. This pull is trans
m itted from the hull through the chafer bars 
to the ladder, and so through the flanges
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of the bottom  tum bler to  the buckets. 
The buckets are therefore being forced across 
the working face by pressure exerted on the 
ladder chafer bars a t the point where the 
ladder passes through the well of the hull. 
Even when dredging at modern normal 
depths this pressure is exerted at a dis
advantageous point in the length of the 
ladder. I t  is th is consideration which has in 
the past induced some designers to  a ttach  
the forward sidelines to  the ladder. This 
practice is no doubt almost ideal technically,

bu t unfortunately it introduces practical 
difficulties which are not easily overcome, 
and these difficulties are increased with deep 
dredging. If, instead of applying the lateral 
pressure a t the point where the ladder goes 
through the pontoon well, it could be applied 
at a  point near the bottom  tum bler, the 
severe lateral stresses would be avoided. 
This has been accomplished by carrying the 
ladder-line from the last sheave of the ladder 
hoist along an extended gantry frame, 
and down on to the ladder close to  the bottom  
tum bler, and thus the bottom  tum bler is 
drawn across the working face by the strain

in the rope. This laterally extended gantry  
frame can be observed on the accompanying 
illustrations (Figs. 1 and 2). The ladder is, 
therefore, relieved of the very severe side- 
bending stresses, and, w hat is of great 
importance from the dredging point of view, 
the buckets are carried across the working 
face in a more uniform and steady manner, 
because with such a long arm  between the 
ladder chafer and the bottom  tum bler, as 
would be involved in deep dredging, the 
buckets would tend to  be carried across in

a series of jerky movements. There are 
obviously m any m atters of detail in regard 
to  this arrangem ent which have required 
careful a ttention  and design, bu t the 
attending difficulties have been overcome 
and on the dredge here shown the  absence 
of heavy pressure on the chafer bars is very 
noticeable.

Special provision has been m ade to  control 
the long swinging chain of buckets as they 
return  to  the bottom  tum bler, by  passing 
the buckets over a caterpillar track  attached 
to  the underside of the ladder. This cater
pillar track is composed of two tum blers,

F i g . 1 .— G e n e r a l  v i e w  o f  t h e  A y e r  H i t a m  D r e d g e .
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interm ediate rollers, and an endless chain 
of links so shaped as to  accommodate the 
lips of the buckets, which are thus carried 
w ithout any perceptible jum p from one 
bucket to the other. This arrangement serves 
three main purposes

(1) I t  avoids excessive slackness of the 
bucket chain when approaching the bottom  
tumbler, which would be particularly notice
able when dredging shallow with a long ladder.

by the fact th a t the ground being worked 
contains a considerable depth of barren 
overburden. This overburden is bye-passed 
from the drop chute through a long chute 
a t the side of the screen, and is discharged 
considerably further astern than  the normal 
discharge from jigs or launders. The over
burden is, therefore, not treated  in the screen 
at all, and the general result is th a t it is 
delivered in unbroken lumps which not only

F i g . 2 .— F r o n t  v i e w  o f  D r e d g e , s h o w i n g  b o w  g a n t r y  c r o s s  b o o m  a n d  h o i s t i n g  l i n e  a t t a c h e d

TO BO TTO M  E N D  O F  L A D D E R .

(2) I t  prevents the excessive side-swing 
which would inevitably be set up in such a 
long chain, and which would pu t excessive 
strains on the bottom  tum bler flanges, and 
would also be liable to  cause the buckets 
to over-ride the flanges altogether.

(3) I t  provides more clearance between the 
drop chute and the bucket-lips, and thus 
ensures cleaner delivery.

In deep dredging particular attention has 
to be given to the disposal of the tailings, 
and it is necessary th a t they should be 
delivered well behind the dredge in order 
to  avoid the danger of their drifting back on
to the working face. The method adopted in' 
the type of dredge here described is influenced

stack well, but also minimize the formation 
of slimes which would tend to foul the water 
in the dredge paddock. When the dredge is 
working tin-bearing alluvial m aterial the 
tailings discharge in the normal way over 
launders, bu t to  prevent them  slipping back 
on to the working face they are pumped up 
from near the stern of the dredge, and 
delivered into a long pipe-line discharging 
200 ft. or more behind the dredge. This 
pipe-line is clearly visible in the illustration 
(Fig. 3). I t  is carried in a cradle supported 
by staylines from the high steel framed 
tower. An alternative m ethod of discharging 
these tailings well behind the dredge is 
through a pipe-line carried on floats and
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bearers. The special provision for dis
charging the tailings described above, is 
particularly necessary during opening out 
operations, bu t when the paddock is fully 
developed the discharge can be shortened.

The dredge shown in the accompanying 
photographs is working a property owned 
by the Ayer H itam  Tin Dredging, Ltd., 
about 20 miles from K uala Lumpur. The 
pontoon is 264 ft. long, 60 ft. wide, and 
11 ft. deep. The buckets are of Messrs.

tum bler. A considerable am ount of these 
spillings is undoubtedly captured by the 
buckets again, so th a t the tin  they contain 
is ultim ately saved. The m axim um  digging 
depth of the dredge is 120 ft. below the 
surface of the water.

The dredge is equipped with a Babcock 
and Wilcox boiler and chain-grate stoker, 
and triple expansion condensing engines 
using steam  at 200 lb. per sq. in. pressure, 
and 150° F. of superheat. A sludge-pump

F i g . 3 . — S t e r n  v i e w  o f  D r e d g e , s h o w i n g  o v e r b u r d e n  c h u t e  a n d  l o n g  t a i l i n g s  d i s c h a r g e  
p i p e l i n e . T h e  H o n g k o n g  D r e d g e  c a n  b e  s e e n  w o r k i n g  i n  t h e  d i s t a n c e .

Hadfield’s “ E r a ” manganese steel, of 
12 cu. ft. capacity, and the bucket pins are 
of nickel-chrome steel 7 in. in diameter. The 
screen is 8 ft. in diameter, and has a to ta l 
length of 44 ft. The tin-concentrates are 
saved on launders, which have a to ta l area 
of 10,900 sq. ft. The bucket ladder is 190 ft. 
long between centres, and is constructed on 
the bow-girder principle. I t  has a horizontal 
tray  to carry spillings from the buckets. 
A high pressure w ater supply is introduced 
into th is tray  in order to keep the ladder 
clear of obstructions, and the spillings are 
thus delivered back to  near the bottom

is installed on the dredge to  pum p up the 
slime from a depth of about 70 ft. in the 
paddock, in order to  keep the w ater in the 
paddock com paratively clean for dredging 
purposes.

The displacement of the dredge is over
3,000 tons, under norm al running conditions.

Special p lant for dealing w ith barren 
overburden and also pum ping tailings and 
delivering them  well behind the stern, 
as already described in th is article, are also 
incorporated in th is dredge.

New features in the design of th is dredge 
are protected by letters patent.
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LETTERS t o  t h e  EDITOR
The E d ito r :

S i r ,— I  was very interested in an article 
published in the September issue of T h e  
M in in g  M a g a z in e , namely, " The Geology 
of Sable Antelope and neighbouring Mines, 
North-W estern Rhodesia,” by R. Murray 
Hughes and A. A. Fitch. Under the 
sub-heading of “ Regional Relationships,” 
however, the writers group the deposits 
discussed, w ith those of Roan Antelope 
and neighbouring mines, into a metallo- 
genetic province characterized by chalcocite 
of prim ary origin. This generalization 
appears to be much too sweeping, because 
the deeper drill holes a t both the Roan 
Antelope and Mufulira Mines have proved 
the copper sulphides on the lower levels 
to be principally bornite and chalcopyrite, 
and while these minerals appear to be 
hypogene the overlying chalcocite is most 
certainly in part, if not entirely, of supergene 
origin. The great thickness of the chalcocite 
zone in some places is perhaps best explained 
by the topographic conditions under which 
it was formed.

A. C. S k e r l , A.R.S.M., B.Sc. 
Mufilira Mine,

Via N ’dola, N. Rhodesia.
December 8.

The Editor :
S i r ,—W ith reference to the article on 

" Testing Alluvial Tin Deposits ” in the 
October issue of the M a g a z in e , I should 
like to point out a fallacy on p. 213, where 
attention is drawn to the error supposed 
to be made by the ordinary prospector 
in calculating the value of ground between

three bores. The real error is the au thor’s 
in th a t he supposes th a t the ordinary 
prospector would place the bores in the 
position shown. Mr. Morrison places these 
bores as in the diagram, and proceeds to 
deal w ith the value and depth of the ground 
between them —th a t is, the shaded portion 
in the sketch.

Since the author has postulated a 
theoretical case w ith a geometrical figure 
and necessarily geometrically placed values, 
one can only adhere to  geometrical con
siderations in examining the example put 
forward to illustrate his point. The first 
axiom of drilling is th a t theoretically bores 
should command equal surface areas. I t  is 
obvious from the au thor’s example th a t 
he has violated this first principle—in fact, 
two of his three holes are only 50% effective. 
In  theory, therefore, the same result could 
have been obtained by two correctly placed 
holes in the positions x, x, in the centre 
of each section, and with the geometrically 
placed values postulated by the author, 
each hole would have a value of T30 lb. 
and a depth of 25 ft.

The author m ay claim th a t his three holes 
give the theoretical shape of the valley 
bottom , bu t the ordinary prospector can 
get the same shape from his two holes and 
the edge of the valley or rim rock. There
fore, both on practical and theoretical 
grounds, the two holes of the ordinary 
prospector are as good as the au thor’s 
three, w ith the additional advantage of 
a saving in cost.

G o r d o n  M a r r io t t .
Penang.

November 7.

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

Tin. Its M ining, P roduction , T ech 
n ology  and A p p lica tion s. By
Dr. C. L. M a n t e l l . Cloth, octavo, 
366 pages, illustrated. Price $7. 
Brooklyn, N.Y. : P ra tt Institu te.

This volume, as indicated by its sub-title, 
is intended to be a comprehensive survey 
of the m any aspects from which those who are 
concerned with this m etal are likely to  be 
interested. Both in conception and in 
execution it  is clearly entitled to a  favourable 
consideration. A perusal of the General 
Introduction will show th a t it is one of a 
series of monographs which is the outcome of 
the Inter-Allied Conference of Pure and 
Applied Chemistry held in London and 
Brussels in 1919. The American Chemical 
Society and the American National Research 
Council undertook to  prepare and publish 
scientific and technological monographs on
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various subjects of general importance. No 
less than  fifty of these monographs have 
appeared already, and m any others are in 
course of preparation. These volumes are 
under the general editorship of a  Board 
appointed by the American Chemical Society.

Two distinct purposes are claimed for 
these monographs. First, to  provide chemists 
and others w ith the present available know
ledge of particular subjects in a readable 
form, which will assist them  in co-ordinating 
their own work w ith th a t in other fields 
which m ay have a real although, perhaps, a t 
first sight, only an indirect relation to  their 
own endeavours. The second purpose has 
been to  afford a starting  point from which 
further research m ay be prom oted in regard 
to  each particular field with which these 
monographs are concerned. Extensive 
references are given therefore to  the literature 
of these subjects. The policy, which is 
wholly praiseworthy, has been to  found an 
American Chemical literature w ithout 
prim ary regard to  commercial considerations.

The author of this particular monograph 
on tin  explains his aims in the preface. 
W ith regard to  production, he says he has 
treated  this p art of his work rather from the 
view-point of the metallurgical chemist than  
from th a t of the mining engineer. The 
industrial applications he treats from the 
view-point of the chemist ra ther than  from 
th a t of the mechanical engineer. Valuable 
indications, too, are given of the economic 
side of certain questions, particularly th a t 
of the so-called “ secondary” tin  which 
m ay be recoverable from scrap or from 
m aterial which has already served one useful 
purpose. The author freely acknowledges 
his indebtedness to  standard works, such as 
Jones’ “ Tinfields of the W o rld ” and 
T aggart’s “ Handbook of Ore Dressing,” 
and also to  others from which he has made 
judicious selections. He has further benefited 
by the advice and assistance which he has 
received from m any leading organizations 
and individuals.

A close perusal of the volume shows th a t 
the aims and objects w ith which the author 
set out have, in great measure, been achieved. 
The eighteen chapters—occupying some 
350 pages—contain records of information 
which, although, of course, not exhaustive 
in regard to  each of their widely differing 
aspects when viewed by specialists in these 
fields, are, nevertheless, sufficiently complete 
to  afford a good general account w ithin 
the lim its of a volume of such a reasonable

size. To the producer of tin  the chapters 
on distribution and consumption, on ore 
deposits, m ining and ore-dressing, on 
smelting, m etallurgy and electrolytic 
refining, should furnish valuable sources 
of reference. To the user, the  chapters on 
plating, on alloys, on hot-dipped coatings, 
th in  foil and corrosion, should afford similar 
benefits, certainly as references of “ first 
instance,” if not, indeed, to  m atter which 
in m any cases has been brought into an 
accessible form for the  first time.

The concluding chapters on “ secondary ” 
or recoverable tin , deal w ith m atters which 
are of daily increasing im portance, while the 
last chapter, on analytical methods, although 
a short one, touches on the essentials of 
these im portant and necessary considerations.

S y d n e y  W . S m i t h .

D ie G rav im etrisch en  V er fa h ren  der 
a n g ew a n d ten  G eop h ysik . By H a n s  
H a a l c k .  Paper covers, pp. viii +  205, 
illustrated. Price 16.80 M. ' B e rlin : 
Gebrüder Bom traeger.
In this interesting volume, the author sets 

out to  give a comprehensive account of the 
gravim etric methods of practical geophysics, 
and, although the treatm ent can hardly be 
regarded as complete, has succeeded in 
producing a very useful and well-ordered 
exposition of the subject. The book is 
intended also to  be a handbook of this 
special branch of applied geophysics.

The first two chapters, which occupy 
a little  over 50 pages, are devoted to  a 
simple m athem atical introduction to  the 
theory of potential and the level surface, 
and also to  the  m easurem ent of the direction 
and m agnitude of the earth ’s gravitational 
force. In  th is section various types of 
pendulum  apparatus are figured and 
described, bu t as these are only of minor 
im portance in connexion w ith the problems 
of geophysical prospecting, they  are treated 
very briefly. Since the original publication 
by Eötvös some 40 years ago, which still 
remains unsurpassed for clearness of 
expression, an extensive literature  has 
appeared dealing w ith the  Eötvös torsion 
balance and related subjects, such as 
instrum ental improvements, field operations, 
and m ethods of in terpretation , and the 
author has aimed in th is small book to 
give a clear account of the present sta te  of 
development in these various branches. 
A fter discussing the m athem atical theory  of
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the torsion balance, he describes the methods 
of determining the instrum ental constants, 
and proceeds to give a full technical 
description of the instrum ent. Recent 
models, and certain distinctive types of 
instrument, are described in an interesting 
manner. The methods of determining 
terrain and topographical effects, and of 
applying the necessary corrections are 
discussed, and the procedure of constructing 
isogams explained. The interpretation of 
results is also considered, and the 
gravitational effects of certain inconformities 
and structures, as determined by Jung, are 
reproduced for reference purposes. Maps 
showing the results of surveys over a  number 
of typical bodies are given and the gravi
tational results discussed in the light of 
known conditions.

The book concludes very fittingly with 
a useful bibliography, suitably divided into 
sections which facilitates reference to  those 
articles more particularly connected with 
the subject concerned. As a handbook, 
designed to furnish useful and reliable 
information on practically all branches of 
the subject, this volume can be thoroughly 
recommended. The treatm ent, although not 
complete, is as comprehensive as might 
be expected from a volume of this size, 
but one feels th a t if the work of American, 
British, Hungarian and Russian geo
physicists had received the same con
sideration as is given to th a t of the Germans, 
the value of the book, as an indication of the 
present state of geophysics, would have 
been considerably enhanced.

H. S h a w .

G m elins H andbuch der an organ isch en  
C h em ie . 8 Auflage. Eisen.

Teil A, Lieferung 2. Paper backs, 
quarto, 88 pages, illustrated. Price 
13.50 marks, to  subscribers 10.50 marks.

Teil B, Lieferung 1. Paper backs, 
quarto, 312 pages, illustrated. Price 
46 marks, to subscribers 36 marks. 
Berlin : Verlag Chemie.

The volume of Gmelins Handbuch dealing 
with iron has been divided into two parts, 
P art A being a treatise on the m etal and 
its alloys, and P art B on the chemical com
pounds of iron. Sections of each part are 
published from time to time as soon as the 
m atter leaves the printers. The first section 
of P art A was reviewed in the M a g a z in e  
in September ; a second section describing 
the physical properties and electro-chemical

behaviour of iron has now been issued 
together w ith the first section of P art B.

Gmelins H andbuch is pre-em inently a 
reference book. A t the beginning of each 
chapter, and of each of the subsections into 
which the chapters are divided, a brief 
account is given of the subject m atter treated 
therein. This is followed by a bibliography 
of all the relevant publications th a t the 
compilers have been able to trace ; the 
publications are briefly abstracted, w ithout 
any attem pt a t criticism. The com
prehensiveness of the bibliography m ay be 
gauged from the fact th a t the chapter on the 
electro-chemical behaviour of iron contains 
more than  300 references to researches on 
the electro-potential of iron ; m any of the 
references are to papers published in 1929. 
The chapter on the physical properties of 
pure iron occupies 53 pages. This space is 
devoted to a discussion of the nature of the 
iron atom, the allotropie modifications of 
the metal, and the crystallographic and 
optical properties of the various forms. The 
other physical properties are to be described 
later.

As was explained in the earlier review, 
P art A of the volume on iron is of general 
interest to  those connected w ith the 
extraction, manufacture, and use of iron 
and steel. P art B, on the other hand, is 
mainly a reference book for chemists. The 
first section of this part contains 312 pages, 
and deals only with the compounds of iron 
with hydrogen, oxygen, nitrogen, fluorine, 
and chlorine. The physical, mechanical, 
electro-chemical, and chemical properties 
of each compound are described. Copious 
references are given, and where necessary, 
illustrations (mainly phase diagrams) are 
included. As in P art A, the references to 
published data, which are complete up to 
1929, are informative bu t not critical. 
Methods of preparing the various compounds 
on a laboratory scale and on a commercial 
scale are discussed, and the uses of the sub
stances are described.

M. S. F is h e r .

G eo lo g ic  Structures. By B a i l e y  and 
R o b in  W i l l i s .  2nd edition, revised and 
enlarged. Cloth, octavo, xvi +  518 pages, 
illustrated. Price 20s. London : 
McGraw-Hill.
In a review of the first edition of this 

work in the M a g a z in e  (1923), I drew 
attention  to  the fact th a t the author had
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perm itted himself certain incongruities in 
method and scope of treatm ent of his subject ; 
th a t he had clearly in m ind a more exhaustive 
tex t than he actually published, and th a t 
a t some future date we m ight hope for the 
fuller results of his m editations and long 
experience. Six years is not a long interval 
and in this tim e not only has the first volume 
proved itself a success, bu t the much desired 
changes in the estim ate of its purpose, 
together w ith the more comprehensive scope 
for which a plea was made, have both  
been realized ; in th is second edition 
the senior author, w ith the collaboration 
of Mr. Robin Willis, removes much of the 
ground for criticism to which his initial 
effort was open.

The new book contains a delightful 
introduction under the sub-title “ Our 
Changing E a rth .” In  a few brief para
graphs the authors explain their purpose. 
The profession of the “ geological engineer ” 
has these days to  be recognized, one "  com
petent in mechanics, experienced in con
struction, able in hydraulics . . .” and 
possessing “ knowledge of structural geology 
. . . of how rocks behave when deformed 
in the course of m ountain building, and 
(who) can in terpret folds, joints, and faults 
understandingly.” In  our own country 
modern training of the civil engineer includes 
a course in “ engineering geology” in
which this particular knowledge is duly 
stressed and im parted ; perhaps it is other
wise in America, though we can scarcely 
credit this. After all, in every project 
concerned directly or indirectly w ith the 
rocks of the earth ’s crust, more than  a casual 
impression of geological principles is essen tia l; 
the day of the purely empirical or
“ p rac tica l” man, as such, if not actually 
over, is a t least drawing to  a close, and his 
place is rapidly being taken by the mining 
geologist, oil geologist, qualified civil,
mechanical, mining, or electrical engineer, 
according to  vocation and circumstances. 
W herever geology is turned to  economic 
account, the structure of the rocks is an 
inevitable quest. This is the them e of this 
book, and the rearrangem ent of original 
text, the newly w ritten m atter, and the 
lessons which the whole seeks to  im part, 
do ample justice to th is conception.

The chief differences between the two 
editions are as follow s:—sedim entary
processes are given more detailed con
sideration, the principles of stratification, 
warping, and flexuring of s tra ta  being

fully expounded. The section on jointing 
is improved by the discussion of varied causes, 
significance of orientation and nomenclature. 
The chapter on faulting, by  far the best in 
the original volume, still remains the out
standing part of th is book ; in its  new form, 
there is practically no fault-type which can 
escape the network of definition and explana
tion here accorded by the authors. There 
is also a separate discussion of the structures 
of m etam orphic rocks w ith some valuable 
observations on rock-flowage, mashing, shear- 
flow, pore shortening, and flow by melting. 
The complete section (II) on the mechanics 
of rock-deformation comprises five chapters, 
whose substance is a great improvement 
on the original m ethod of treatm ent.

The next section is the one to  which 
I had to take exception in the first book : 
the “ sandw iching” in of several pages on 
field methods, graphic methods, etc., 
here brought together under the title 
of “ Method of A tta c k ” . This section 
is just as out-of-place here as before ; in 
fact it  is probably more so, because it is now 
followed by a m asterly consideration of the 
m ajor problems of earth  dynamics, including 
dissertations on earth  genesis, the con
stitu tion  of the earth , the forces of the 
earth, zones of pressure, strength  and 
tem perature of the outer crust, dynamic 
spheres of the globe, and so on, all of which 
emphasize the subject of geologic structure 
as a subject, certainly not as a peg on which 
to  hang a series of more or less disconnected 
and irrelevant rem arks on field equipment 
and methods of survey. The latter, in so 
far as it concerns modern practice in field- 
survey, is now-a-days sufficiently im portant 
to  w arrant its forming the subject-m atter 
of a complete text-book, so th a t any super
ficial treatm ent, such as it receives in this 
volume, is to tally  inadequate. This, and 
the oft-offending spelling of reconnaissance 
w ith an “ o ” in the  th ird  syllable, is the 
only blemish in an otherwise admirable 
production.

H. B. M i l n e r .

T h e  In stitu te  o f M eta ls.—The annual 
general meeting of the in stitu te  will be held 
on March 12 and 13 in the Hall of the 
Institu tion  of Mechanical Engineers, S torey’s 
Gate, S.W. 1. On the evening of March 12 
the annual dinner will take place a t the Hotel 
Victoria. A visit has been arranged to  the 
British Industries Fair a t Birmingham on 
February 21.
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NEWS LETTERS
JO H A N N E S B U R G

January  9.
H uge Profit from  State D iggin gs.—

Some interesting facts concerning the results of 
operations at the State Diggings in Namaqua- 
land are brought out in the annual report of 
the Auditor-General. I t  is stated  therein 
that over £6,000,000 w orth of diamonds were 
recovered in eleven m onths and th a t the 
expenditure during this period was under 
£100,000, indicating a net profit of over 
£5,900,000. The diamonds won totalled 
586,914 carats ; 204,261f carats were sold 
during the eleven m onths, leaving on hand 
382,652-J- carats, which a t a rough estimate 
of £10 a carat should give £3,826,525. In 
addition there were 206J carats held a t the 
State Diggings at the end of March last. 
For the transport of diamonds £5,596 was 
paid, representing the cost of a weekly air 
service between Capetown and P ort NoLloth. 
The Defence D epartm ent was paid £800 
per month, including £400 per m onth received 
from the Merensky Syndicate, whose 
diamonds were also conveyed to Capetown 
by the aeroplane. The syndicate’s contribu
tion was subsequently reduced to  £100 and 
in August last was discontinued. Insurance 
of diamonds cost £5,889, bu t this expenditure 
has fallen away as the Government, from 
June last, is carrying its own risks. In 
addition, the Treasury has undertaken to 
pay to the dependents of a mines official, 
who accompanies the aeroplane, a sum of 
£2,000 in the event of his being killed while 
flying on duty. The Auditor-General says 
that the diggings are protected by barbed 
wire entanglements and patrolled day and 
night by an armed guard. Further extensive 
fencing is contemplated. The diamonds are 
protected by armed guards at the diggings, 
and the aeroplane, upon its arrival in Cape
town, is m et by Mines Departm ent officials 
and an escort, and the diamonds are taken 
to the valuer’s office and after being checked 
are placed in safe custody.

The audit of the diamond account includes a 
check of the records m aintained of diamonds 
found and their disposal, a check of the 
weight of the diamonds held by the valuer a t 
the time of inspection and the verification of 
the records with the cash received from sales. 
The valuations and prices given by  the 
experts m ust necessarily be accepted by the 
Auditor-General. The diamonds deposited 
in, and withdrawn from, safe custody have

not come within the audit. The Auditor- 
General requested the Secretary for Mines 
and Industries to  inform him whether the 
Treasury is satisfied w ith the safeguards 
instituted by his departm ent and has 
mentioned th a t an im portant point requiring 
consideration is whether he should not be 
furnished w ith periodical certificates by  an 
independent diamond expert, and an official 
of the departm ent, th a t the balance of 
diamonds as shown to be in stock is actually 
held.

A ccu m u la tio n  o f D iam on d s.—The ou t
pu t of diamonds from the Transvaal alluvial 
fields visibly decreased during last year, 
in spite of the proclamation by the Govern
m ent of several new fields. The to ta l pro
duction from all sources to-day is about the 
average which has been absorbed in the 
world during the last few years, bu t over
production in the past has brought about an 
abnormal accumulation of stocks. To deal 
with this situation, and thus make room 
for the ordinary production, a company 
is in process of formation to  take over the 
surplus and to hold the diamonds over a 
number of years. The De Beers Consolidated 
Mines, L td., the Consolidated Diamond 
Mines of South W est Africa, L td., and the 
New Jagersfontein Mining and Exploration 
Co., L td., will take 50% of the capital of 
this new company. This should prove of 
great benefit to  the trade, as it is another 
proof of the genuine desire of the large 
companies to  protect the industry and 
promote confidence.

4 1 2  T ons o f G old .—The annual report of 
the manager of the Rand Refinery shows th a t 
the bullion received for refining during the 
year ended September 30 last, amounted 
to 12,141,229 oz., while the gold delivered 
am ounted to 11,689,892-71 standard oz., 
and was disposed of as follows :—

2,514-68 oz. to  London on account of 
mining industry.

499,011-17 oz. to  India on account of 
mining industry.

7,762,649-33 oz. to  London on account of 
S.A. Reserve Bank.

299,340-74 oz. to  Ind ia  on account of 
S.A. Reserve Bank.

3,175,133-34 oz. to Royal Mint, Pretoria, 
on account of S.A. Reserve Bank.

1,243-45 oz. to  sundry local sales.
The collection of bullion from the mines 

am ounted to  11,997,113 oz., approxim ately 
412 tons, and the distance covered was 
19,903 miles. In  view of the possibility of
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conveying gold by aeroplane, a  trip artite  
agreement has been concluded between the 
M unicipality of Germiston, the Elandsfontein 
E sta te  Co., L td ., and the Refinery, for the 
establishm ent and m aintenance of an aero
drome within the  vicinity of the  refinery.

In creasin g  L ives o f M in es.—The shrink
age and resuing methods of stoping, and 
the methods of filling, adopted by 
several R and gold mining companies are not 
only keeping down working costs, bu t there 
is good reason to  believe th a t they will 
largely reduce the danger of rock bursts 
due to  ever-increasing ground pressure as 
greater depths are reached, and they will 
also m aterially relieve the ventillation posi
tion. W ith the adoption of these methods, 
the outlook for profitable and economical 
mining on the W itw atersrand a t depths of
8.000 ft. and oyer has m aterially changed 
for the better, and more especially is th is the 
case on mines situated  on the Central Rand.

An abridged description of a m ethod 
adopted a t the City Deep to  meet the situa
tion a t great depths was given in the 
Ma g a z in e  for last m onth.

E m erald  M in in g  R esu lts.—According to 
an official statem ent, the Beryl Mining Co.’s 
mine, which is situated  on a kopje, is now 
able to  supply the new plan t w ith 200 tons 
of crystal-bearing m aterial a  day. Develop
m ent has opened up a m uch larger area than 
was exposed last year and has given the same 
average yield of crystals per ton. The area 
of the open-cast working is approxim ately
40.000 sq. ft., and the greatest depth  at 
which m aterial is being mined is 40 ft. 
This gives the company 200 ft. to  mine before 
it reaches the level of the surrounding 
country. The bulk of the development has 
taken place on the east side of the workings. 
Several fine crystals have been found and 
the general average of the parcels shows 
distinct im provem ent each week. To meet 
capital expenditure, reserve shares were sold 
a t a premium and the balance will be m et out 
of the profits. The net profit on the  year’s 
working was £4,014 18s. 4d. The Board has 
adopted a wise policy in clearing off all initial 
liabilities, and the loss brought forward from 
the first year’s working, caused by flotation 
and development charges, has now 
disappeared. After providing £350 for 
income ta x  a net profit of £2:107 18s. remains 
as the result of the first year’s working which 
has been done under try ing and difficult 
conditions. The com pany’s holding has 
been increased by 72 claims.

F O R T  JA M E S O N , N. R H O D E S I A
December 7.

The importance of road communications in 
a country as yet not served by railways 
will be realized. For th is reason the 
following information m ay be useful.

G reat E ast R oad.—Two or three years 
ago a m otor road was pushed through from 
Lusaka (on the railw ay between Livingstone 
and Broken Hill) to  F o rt Jameson. This 
road was made by improving the existing 
roads and linking up the gaps w ith newly- 
made tracks. A good deal of money was 
spent, especially in the neighbourhood of 
the Luangwa and Lunsemfwa rivers, where 
the road passes through mountainous 
country. The road was completed in time 
for the visit of the  Governor (Sir J. C. 
Maxwell) to F ort Jam eson in 1928. The 
road was a dry-weather road only (approx- 
m ately June to  December) and the two 
rivers had to  be crossed by  pontoons 
(suitable for one ton lorries, unloaded, the 
loads being taken over on a  second trip). 
W hen the Governor visited F o rt Jameson 
he condemned the road and for nearly 
a  year nothing much was done ’ about 
it. The road is of great importance 
to the E ast Luangwa D istrict (the part 
of N .E. Rhodesia lying east of the 
Machinga M ountains and the Luangwa 
River) as it was the only link, beyond 
footpaths, between th a t district and the 
remainder of N. Rhodesia. All the natural 
communications are through Nyasaland. 
Now, however, a new route for the road 
has been surveyed. The new road is to 
cross the Luangwa below its junction with 
the Lunsemfwa and a bridge is to  be built 
there (at or near Fundu), the cost of which 
will be defrayed, in great part a t least, 
by the Beit Trustees.

When the Governor was here recently 
he stated  th a t a road along the new line 
of survey would be through in about two 
and a half years and th a t eventually the 
road would be improved so th a t it would 
become a “ commercial road .” W hen that 
tim e comes, the Rhodesian Railways are 
contem plating running their own lorries 
from Lusaka to  F o rt Jameson, in order to 
give this part of the country a link with 
the railway.

S a lisb u ry-B lan tyre  R oad .—This road 
already exists as a dry-season road (about 
July-D ecem ber), the route being through 
Mrewa and Mtoko in S. Rhodesia and
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through Tete in Portuguese E ast Africa. 
The Zambesi is crossed by pontoon drawn 
by m otor-boat a t Tete and the Mazoe River 
is crossed by pontoon pushed by natives. 
As roads go in Africa, this is very good 
already (except for a part in S. Rhodesia) 
and a lot of money is being spent on it 
in Nyasaland, Portuguese E ast Africa, and 
S. Rhodesia. I t  is intended eventually to 
make it an all-weather road.

B lantyre-F ort J a m eson  R oad.—This 
road is the best main road in Africa. I t  is an 
all-weather road (via Zomba) for cars and 
light lorries and a dry season road (via 
Matope) for traffic up to  5 ton W hite trucks 
with trailers. The bridges are good (brick 
and steel) and much money is continually 
being spent on the road to improve it. 
The wet season route (December-May) via 
Zomba is about 40 miles longer than the 
dry-season route (June-November) via 
Matope. The road passes through Dedza 
(good hotel) and Lilongwe (tobacco district), 
entering N. Rhodesia about 20 miles from 
Fort Jameson after passing the Nyasaland 
frontier station of F ort Manning.

T ete-D ed za  R oad.—This road has just 
been completed. I t  is only a dry-season road 
at present, its route being by Furunkungu 
and Vila Cotinho.

T ete-F ort Jam eson  R oad.—A direct 
road from Tete to  Fort Jameson is in course 
of construction and is expected to  be 
complete in 1930. This road will save 
over 200 miles in the motor trip  from Fort 
Jameson to Salisbury over the present 
route via Blantyre, and it is anticipated 
that much of the tobacco exported from 
Fort Jameson will be taken by this road 
and thence down the Zambesi to  Chindio 
by barges, resulting in a saving of transport 
charges over the present route via B lantyre 
and the very inefficient and expensive 
railways from there to  Beira. This road 
joins the Tete-Dedza road at Fununkungu.

D istan ces.—
(1) G.E. road (present road) :

Fort Jam eson-Lusaka, 380 miles.
(2) Salisbury-Blantyre road :

Salisbury-Tete, 250 miles.
Tete-Blantyre, 150 miles.

(3) B lantyre-Fort Jameson road :
(a) Blantyre-Zomba, 40 miles ;
Zomba to junction w ith Matope road,

80 miles (both wet season).
(b) B lantyre to junction, via Matope, 

80 miles (dry season).

B lantyre-D edza (via Zomba), 190 miles.
B lantyre-D edza (via Matope), 150 miles.
D edza-Fort Jameson, 135 miles.

(4) T ete-F ort Jameson, by  new direct 
road when completed, about 200 
miles.

G eneral R em arks.—On roads where 5 ton 
trucks can be employed and where return
loads are available transport can be obtained 
for 6d.-7d. per ton-mile. On roads where 
1 ton lorries only can circulate and where 
no return loads are available, transport 
costs from Is. 6d. to 2s. per ton-mile. These 
figures do not give a good return to  any 
but large and well-organized transport enter
prises. (Figures apply to the Fort Jameson 
neighbourhood only.) Petrol costs here 
about 31s. 6d. per case of 8 imp. gals, 
(wholesale), 35s. retail in dry season ; and 
“ whatever the traffic will bear,” up to 
48s. even, in the wet season. The trans
port costs given above are for dry-season 
transport only.

The importance of good road communica
tion in a country like this, not yet linked 
up with a railway, cannot be over-estimated. 
The provision of (1) brick and steel 
bridges (or of the Southern Rhodesian type 
of low-level bridge, in concrete) over the 
minor rivers ; (2) of brick culverts (in place 
of the present “ pole ” bridges, eaten by 
ants and borers, or burnt-out by the yearly 
grass fires) ; (3) the raising of causeways
a few feet above dambos and the intelligent 
application to  these causeways of the 
ever-present “ bog iron ” and the protection 
of them  by planting some kind of Berm uda 
grass—these few things would result in the 
cheap conversion of dry-weather tracks 
into all-weather roads for moderate traffic 
a t least.

The natural surface of the country around 
here forms an excellent road for moderate 
traffic, even in the wet season. W hat holds 
up traffic in the wet season is one or two 
short stretches of dambo in a long day’s 
run, or one or two " drifts ” (over minor 
streams) th a t have not been constructed 
with intelligence, or one or two pole-culverts 
th a t have been squashed by the last 
heavy lorry to pass along the road.

I t  is said th a t the roads around the mines 
in the N ’Dola region are very bad, owing to 
the heavy traffic over them. Most of the 
mines will, however, soon be on the railway.

R ailw ay C onstruction .—It is understood 
th a t the railway is to be pushed on a t once

2—5
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from B lantyre to  the bay a t the S.W. corner 
of Lake Nyasa, opening up one of the most 
th ickly populated parts of Africa to  railway 
transport. Also th a t a  branch from this 
line is contem plated to  F o rt Jam eson via 
Lilongwe.

The completion of the Zambesi bridge 
near Sena, now under construction, should 
result in a  great amelioration of the con
ditions of transport between Beira and 
N yasaland, and w ith  the new country 
opened up to  the railway it  is probable 
th a t a big increase in traffic will result 
w ith a consequent dim inution of the present 
very heavy freight-rates. The interest on 
the  cost of the bridge will be heavy 
and it will take good m anagement 
to  encourage traffic enough to  cover 
this interest. I t  is a great p ity  th a t the 
railways linking Beira and B lantyre belong 
to  four distinct companies : (a) presum ably 
the Beira-M ashonaland Railway from Beira 
to  Dondo junction ; (b) the Trans-Zambesi 
Railway from Dondo to  Muracca (on the 
Zambesi) ; (c) the Central African Railway 
from Chindio (opposite Muracca on the 
Zambesi) to  the N yasaland b o rd e r; and 
(id) the Shire Highlands Railway thence to 
Blantyre. The present inefficiency of this 
line m ay be in part due to  th is diverse 
ownership.

C ustom s U n ion .—The action of the 
Governor in delaying the break between 
N. Rhodesia and the Union upon Customs 
m atters is generally regarded here as being 
a  far-seeing action. He is reported to  have 
said during his visit th a t N. Rhodesian and 
S. Rhodesian interests in this and other 
m atters did not lie along the same lines.

N a tiv e  Labour.— Recruiters from the 
“ R oan,” N ’Kana, and N ’Changa are still 
competing w ith one another for local boys 
and for boys entering N. Rhodesia from 
N yasaland, though there is some ta lk  of 
the formation of a  common “ recruiting 
bureau ” to  furnish labour for a  pool from 
which all the  mines in the N ’Dola district 
would draw. Local natives, are, however, 
proceeding to  the “ Roan ” in fair numbers.

B R IS B A N E
December 16. 

Q u een sla n d  M in ing  L eg isla tion .—The
Queensland Government has not only carried 
through Parliam ent its Petroleum  Act, 
referred to last m onth, bu t has also secured 
the passage of a bill to  deal w ith mineral

land and m iners’ homesteads. Prior to 
1925 mineral land could be bought under 
certain conditions and a gran t in fee simple 
obtained which gave the purchaser the 
ownership of the land as freehold, in addition 
to  an absolute right to  all minerals other than 
gold in or upon th e  land. In  th a t year, 
however, the  Labour Government then in 
power passed an amending Act which took 
from the holder the ownership of the minerals, 
and put him  in the position of having to 
m ake application for the land as a mineral 
lease instead. The Act now passed restores 
to  the  owners of mineral freeholds their 
rights of ownership to  the  full extent to 
which they had previously held them. Again, 
in 1920 the law relating to  Miners’ Homestead 
leases was so amended as to  come into line 
w ith the then G overnm ent’s perpetual lease
hold policy, and th is is now so amended as 
practically to bring the law back to what it 
was prior to  1920. W hereas the leaseholder 
since th a t year has been required to  pay 
rent in perpetuity, under the new statu te 
it will be optional for a m iner’s homestead 
to  be applied for as a hom estead lease, with 
ren t to  be paid continuously, or for th irty  
years.

T h e C oal S to p p a g e .—An effort, which 
it  was thought would have brought to  an 
end the coal stoppage in New South Wales, 
which has lasted just on nine months, has 
failed yet again. A t the end of last month 
unbounded satisfaction was expressed at 
an announcement th a t a conference between 
the m iners’ delegates and representatives 
of the northern collier}' owners had agreed 
on term s of settlem ent. Under these terms 
the miners were to  accept a  reduction in 
pay of 9d. a ton instead of Is., which had 
been the am ount stipulated in previous 
proposals. In  other respects the  scheme 
propounded was to stand. All th a t remained 
was to  subm it the agreement for approval 
to  the miners themselves, as well as to  the 
Federal and S tate Governments and the 
N orthern Colliery Proprietors’ Association. 
The miners, however, a t meetings of their 
unions, have by large m ajorities refused to 
give their sanction, and persist in their 
demand th a t there shall be no reduction of 
wages.

T h e M ount Isa E n terp rise .—The Mount
Isa  Company has approached the Harbour 
Board of Townsville, the nearest port to  the 
Company’s mines, asking for a special 
reduction of harbour dues on silver-lead 
bullion and zinc concentrates. The directors
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of the company say th a t w ithin a year the 
plant a t Mount Isa will be producing about
60.000 tons of bullion and 15,000 tons of 
concentrates annually. The present dues 
on lead bullion are 3s. a ton, on blister 
copper, 3s., and on concentrates, 2s. 3d. 
I t  is considered th a t these dues are merely 
intended to  apply to  small parcels shipped 
interm ittently, and the company asks, in 
view of the large regular shipments which 
it will make for m any years, th a t a  reduction 
be granted on Mount Isa products, the rates 
to be fixed at 8d. per ton for lead bullion 
and pig lead, and 4d. a ton for concentrates. 
The H arbour Board is now considering the 
request. I t  is estim ated th a t the Mount Isa 
mine has 40 years' work in sight. Moreover, 
as a result of the development of the ore- 
bodies, which is still proceeding, it is reason
ably expected th a t within a very few years 
the ore reserves, now estim ated at 24,285,000 
tons, having a gross value of ¿80,000,000, 
will be more than doubled. When the 
company decides on the location of a  zinc 
refinery, and increases its initial output of
2.000 tons of ore a day to  5,000 tons, there 
will be available for shipment annually
150.000 tons of lead bullion, and the same 
quantity of zinc concentrates. The Mount 
Isa Company by this time next year will have 
spent upwards of ¿2,000,000 in opening up 
ore and installing plant for its treatm ent. 
Particulars supplied by the General Manager 
(Mr. G. J. Gray) show that, in the endeavour 
to obtain its plant and equipment mainly 
from Great B ritain and other parts of the 
Empire, the portions to  be made in Australia 
are the Dwight-Lloyd sintering plant, the 
drossing kettles, forehearth, Genter 
thickeners, the Macintosh pneumatic flotation 
machines, and the Newman type of casting 
wheels. The bulk of the remaining machinery 
comes from Great Britain. The special 
concession granted to  the Mount Isa 
Company in freights for railway carriage 
between the mines and Townsville, a distance 
of 603 miles, are as follows :—Concentrates, 
ordinary rate ¿3 11s. Id. a ton reduced to 
¿1 10s. 3d. ; bullion ¿6 7s. 3d., reduced to 
¿1 17s. lOd. ; concentrates returned from 
Townsville to  Mount Isa for further trea t
ment, ¿3 11s. Id., reduced to ¿1 0s. 2d.

No. 11A borehole a t Mount Isa was at 
the time of the latest reports down to 438 ft., 
the core recovery in the last 111 ft. averaging 
50%. All the other holes have been deepened 
for varying distances. As regards building 
operations, the grizzly towers for the coarse

crushing plant have been finished, and the 
erection of steel for this p lant is in progress. 
On the power house site 218 tons of steel 
has been erected to  date. The foundations 
for the circulating water pumps for both 
turbines, as well as the building foundations 
for the Dwight-Lloyd plant, are practically 
complete. Of the 25 additional cottages, 
nine have now been furnished, while the 
erection of the female quarters is well 
advanced. The pipe-line to  the Rifle Creek 
dam is complete for about nine miles, leaving 
11 miles more to  be laid.

T he Law n H ills V en tu re .—Mining 
Trust, Ltd. have lost no time in the starting 
of preliminary work a t Lawn Hills, in north
west Queensland. The agreement w ith 
the State Government, as recently ratified 
by Parliament, provides, among other things, 
th a t the Trust shall, w ithin twelve months, 
spend ¿10,000 in geological examination. 
The Minister for Mines has just received 
advice th a t a geological prospecting party  to 
undertake this work left San Francisco on 
November 20, and is now about due to arrive 
in Australia. I t  is understood th a t Mr. Leslie 
U rquhart, when on his last visit to Mount Isa 
went on to Lawn Hills w ith one of his tech
nical staff and made a preliminary inspection 
of the area covered by the agreement.

A n glo-P ersian  O il C om pany and  
P ap u a.—A report from Sydney declares 
th a t members of the Anglo-Persian Oil 
Company who recently returned from New 
Guinea have said th a t the company has 
abandoned attem pts to  find oil in Papua, 
after a search lasting many years. The party  
of oil prospectors came from Popo, where 
five deep holes had been sunk in an effort 
to find oil. In  every case the boring was 
fruitless, owing to  mudstone difficulties. 
The Federal Government, which was working 
in conjunction with the Anglo-Persian 
Company, has also decided to  cease its 
oil prospecting and geological survey opera
tions in Papua, and the directors of the New 
Guinea Oil Company, having failed to  obtain 
financial assistance from th a t Government, 
states th a t they have no option bu t to submit 
to their shareholders a proposal for 
liquidation.

G eop h ysica l P rosp ectin g .—On the 
historical Bendigo goldfield in Victoria, 
tests are being made with the Fraser- 
Hertzian wave ore-finder, and are said to 
be proceeding satisfactorily. I t  is stated 
th a t the instrum ents have demonstrated 
their capabilities in determining the position
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of reefs on the south section of the New Red, 
W hite and Blue property, where quartz 
deposits have been located. Some of the 
ore-bodies, it is said, are of good extent 
and value.

V A N C O U V E R
January  10.

N ew  P ow er P roject.—Mr. Lorne A. 
Campbell, vice-president and general 
m anager for the W est K ootenay Power 
and Light Company, has announced his 
com pany’s intentions with regard to power 
development on the Pend d ’Oreille River. 
In  December, 1928, the company was 
given permission by the Provincial W ater 
Board to  make surveys and to  subm it 
plans for the development of the river on 
or before August 31, 1930. At the time 
the application was made the com pany was 
contem plating a  hydro-electric station of
80,000 h.p. Since then, however, the Con
solidated Mining and Smelting Company 
of Canada has com m itted itself to the erection 
of a synthetic fertilizer p lant which alone 
will require 70,000 to 80,000 h.p., and a con
siderable am ount more power is needed for the 
electrolytic zinc plant. The W est K ootenay 
Company has had, therefore, to  revise its 
original plans, and has made an applica
tion for the use of the whole length of the 
river in British Columbia Territory, which, 
it  is estim ated, is capable of developing 
a minimum of 180,000 h.p. and a maximum 
of 370,000 h.p. during five or six months 
in the year. The company proposes to 
build a dam near the point where the  Pend 
d ’Oreille emerges into the Columbia River, 
and this dam will back up the w ater for 
nearly the river’s full length in B.C. territory, 
th a t is— 17 miles. The dam will have a 
m aximum height of 350 ft., and three to 
four years will be required for its completion. 
I t  is estim ated th a t the erection of the dam, 
the equipment of the power station, and 
the erection of transmission lines will cost 
approxim ately $18,000,000. U nited States 
interests are contem plating the development 
of the river to  the south of the international 
boundary, and if this is done it will increase 
the maximum development on the Canadian 
side to 400,000 h.p. Mr. Campbell has 
sta ted  th a t his com pany’s engineers have 
examined the bedrock formation and are 
satisfied th a t it is able to carry the weight 
of the huge structure, bu t in order to  make 
certain a shaft will be sunk 200 ft. and a

tunnel driven under the site for the dam, 
m aking a base from which diam ond drill
holes will be bored in directions bo th  up 
and down the river, whereby a thorough 
knowledge of the form ation on which the 
foundations will rest will be gained.

Reeves-McDonald Mines, which is con
trolled by the V ictoria Syndicate, of London, 
also has made application for power rights 
on the Pend d ’Oreille. The com pany desires 
to  develop 9,000 h.p., and the contem plated 
p lant is estim ated to  cost $1,956,000. 
The application was opposed by the West 
K ootenay Company because its own power 
development would flood the site for the 
proposed Reeves-McDonald dam. Col. H. H. 
Yuill, president of and general manager for 
Reeves-McDonald, urged his com pany’s 
claim before the Provincial W ater Board 
on the ground th a t a series of large deposits 
of low-grade zinc-lead ore already had been 
developed and th a t the  power was necessary 
for the exploitation of these deposits. His 
com pany has made the necessary survey 
for the dam, plans are completed, and if 
permission is given the com pany is prepared 
to  s ta rt work im m ediately and push it to 
conclusion. So necessary is the immediate 
developm ent of the water-power to  this 
company th a t it was prepared to  guarantee 
th a t if its p lant is flooded by  the larger 
concern during or after 1933, and that 
concern was willing to  sell his company 
power no claim for damages will be made. 
Mr. Campbell, in opposing th is application, 
said his com pany would extend its trans
mission line from Y m ir to  the Reeves- 
McDonald property  and provide it with 
power from its present sources w ithin three 
months, bu t Col. Yuill said his company 
preferred to  develop its own power. The 
Provincial W ater Board has reserved its 
decision on the Reeves-McDonald application 
until August 31 next or un til the West 
K ootenay Company files its  final plans, should 
it do so before th a t date. This means, of 
course, th a t unless the  W est Kootenay 
Company modifies its  prelim inary plans 
the Reeves-McDonald application will be 
denied.

P ortland  C anal.—The Black Hill Mining 
Company has made a second shipment 
of silver-lead ore from its property  on Glacier 
Creek to  the Selby smelter, on San Francisco 
Bay. The company is developing a narrow 
vein containing three shoots of ore averaging 
about $100 per ton in silver and lead by 
means of two adits. The shipm ents, about
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40 tons, have been taken out in the course 
of development. W ork will be continued 
during the winter.

The American Boy Mining Company did 
some 2,000 ft. of tunnelling and driving 
during last year, established a camp, and 
erected a compressor. Its  plans for the 
present year include 5,000 ft. of driving 
to open up the Highgrade and Mann veins 
at depth. The country along American 
Creek where the property is situated is 
precipitous and difficult, which prevents 
rapid development. Some 150 tons of 
supplies have been freighted to  the camp 
recently, and 20 men will be employed during 
the winter. Recently, Montreal interests 
bonded the Lucky Jim  group, adjoining 
American Boy, and the Anaconda Copper 
Mining Company bonded the Good Luck 
group, higher up the creek. I t  is unofficially 
reported th a t the Premier Gold Mining 
Company has found a body of low-grade 
silver-lead ore in the Silverado group, 
on which it has an option.

A nyox—The Granby Consolidated Mining, 
Smelting and Power Comyany has declared 
a dividend of $2 per share, covering opera
tions for the last quarter of 1929. The 
disbursement will amount to  $900,000, 
and will bring the to ta l disbursements for 
the year up to $3,150,000 or $7 per share. 
The to tal earnings for the year approxim ated 
$8’75 per share. The com pany’s copper 
output in round figures was 61,000,000 lb. 
of which about 40,000,000 came from the 
northern properties, Hidden Creek and 
Bonanza, and the remainder from Copper 
Mountain, but, although no official statem ent 
has been made on the subject, it is under
stood the general outlook for the southern 
property is considerably more promising 
than for the northern ones. The Hidden 
Creek mine has been operated continuously 
for 16 years and has produced in round 
figures 15,000,000 tons of ore containing
480,000,000 lb. of copper, 100,000 oz. of 
gold, and 4,250,000 oz. of silver, but during 
recent years the quantity  of ore mined has 
exceeded the am ount developed and the 
grade has been appreciably lower. A con
siderable quantity  of the ore milled at Anyox 
this year contained less than  1% of copper. 
The Bonanza mine was brought to production 
in February, 1929, and since has sent about 
400 tons daily over the aerial tram w ay to 
Anyox. The extent of the Bonanza ore- 
body has not yet been determined. The 
Copper Mountain deposits, on the other

hand, have improved in both size and 
grade a t depth, and, as a consequence, 
G ranby’s to ta l ore reserve probably was 
slightly greater at the end of last year than 
at the beginning. The com pany’s plans 
for th is year include the erection of another 
large boarding-house at Copper M ountain, 
which will make the fourth, each of which 
will accommodate 100 men, and there are 
a number of cottages besides for the m arried 
employees. The capacity of the coarse 
crushing plant a t the mine has been increased 
and the capacity of the mill a t Allenby has 
been increased to  2,500 tons daily. Signs 
point to  much greater activ ity  a t Copper 
Mountain and Allenby in the future.

T h e K ooten ays.—The B ritannia Mining 
and Smelting Company has relinquished its 
option on the Kootenay King group after 
spending some $75,000 on its exploration. 
The early indications th a t the property 
might be developed into a large producer of 
lead and zinc were not corroborated by 
diamond drilling and therefore the property 
failed to  interest Britannia. I t  seems 
probable, however, th a t it m ay be made 
into an interesting small producer, and 
so Kootenay King Mines will continue 
development as soon as weather perm its 
in the spring.

Mr. W. A. Porter and Spokane associates 
have taken a lease and option on the Queen 
Bess mine, a t Sandon, from which Mr. 
Clarence Cunningham cleaned up a fortune 
during the la tte r part of the war. A six-foot 
vein of clean galena, assaying 260 oz. of 
silver and 70% of lead has been opened 
in three places and is believed to be the 
downward extension of the shoot from 
which Mr. Cunningham took ore to the 
value of more than $1,000,000. The 
Spokane Syndicate has bonded several 
adjacent claims.

The Victoria Syndicate has shut down 
work a t the Paradise mine, near Invermere, 
leaving only a  watchm an in charge. The 
property is owned by the Hon. R. R. Bruce, 
Lieutenant-Governor of British Columbia, 
and has been developed under lease and 
option by the syndicate, which erected a 
75-ton mill and later moved it four miles 
from the mine to  get better w ater supply 
and made a survey for an aerial tram w ay 
to  connect mill and mine.

W ea th er .—A generous rainfall, varying 
from 5 to  10 inches in southern British 
Columbia during the la tte r part of December, 
has relieved the power situation which in the
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beginning of the  m onth had assumed a 
serious aspect. The B ritannia Mining and 
Smelting com pany had to  lay  oft 250 men, 
and several concerns had to  reduce output 
owing to  power shortage. This situation now 
has been relieved and, w ith rain  a t the coast 
and snow in the interior during the early 
part of th is m onth, conditions have returned 
to  normal.

T O R O N T O
January  18.

G old  P rod u ction  o f  O ntario. —The 
Ontario D epartm ent of Mines reports th a t 
during the year 1929 the value of the crude 
bullion output of the gold mines of the 
Province am ounted to  $33,383,169 as com
pared with $32,688,824 in 1928, the figures 
for 1929 being subject to  revision. The 
production of the mines of the Porcupine 
camp showed a decrease, being valued at 
$19,306,550 as against $20,417,714 in the 
previous year, bu t the ou tpu t of the K irk
land Lake field increased from $12,271,110 
to  $14,055,244. During December the yield 
of the Porcupine mines was $1,766,838 as 
compared with $1,395,689 in November ; the 
production of K irkland Lake also showed an 
increase am ounting to  $1,274,437 as against 
$1,159,894 in the previous m onth.

P orcu p in e .—Hollinger Consolidated con
tinues to  head the list of the producing mines, 
and although full details are not yet avail
able the value of its ou tput for 1929 is con
servatively estim ated a t nearly $9,000,000, 
or approxim ately half the to ta l gold pro
duced in the Porcupine area. Officials have 
in tim ated  th a t the ore reserves have been 
drawn upon to  some extent during the year, 
bu t as the mine entered the year w ith a 
reserve of about $50,000,000, its strong 
position has not been sensibly im paired. The 
geological structure of the eastern part of the 
property is such as to  afford encouragement 
for deeper mining.

No decision has so far been arrived a t by 
the Dome Mines, L td., as to  the erection of a 
new mill to  take the place of th a t destroyed 
by fire. The present season is unfavourable 
for construction and the officials are believed 
to  be awaiting the results of the test of a  new 
process of ore-treatm ent, which has for 
some tim e been carried on a t the M cIntyre, 
before coming to  a final determ ination. 
Another factor to  be taken into account is 
the ex ten t of the tonnage of ore occurring 
in the greenstone formation in which the

company is now carrying on developm ent at 
depth. The question of mill construction is 
also occupying the m anagem ent of the 
M cIntyre, as it has become necessary to 
instal an entirely new mill or to pu t fresh 
equipm ent in the old one. To provide for 
the increased output in view, development 
operations have been considerably expanded, 
and there are now 50 faces in ore.

Ventures, L td., which has taken an option 
on the Coniaurum property, is sinking a 
winze on the 2,000 ft. level, on which work 
has proved disappointing, to  the 2,250 ft. 
horizon. The March is trea ting  about 4,800 
tons per m onth, w ith a  recovery of approxi
m ately $25,000. Diamond drilling to the 
depth of 1,000 ft. will be undertaken. At 
the Vipond an ore shoot 250 ft. in length and 
9 ft. in w idth carrying $7 to the ton has been 
encountered on the 400 ft. level. Cross
cutting  has been carried on to  pick up the 
downward extension. W ork has been 
resumed a t the Ridgedome, situated  about 
5 miles W. of Timmins, where a shaft is 
down 125 ft. A contract has been placed for 
diam ond drilling.

K irkland L ake.—The output of the Lake 
Shore mine for December is estim ated at 
$600,000. The 2,000 ft. level is opening up 
be tte r than  any so far developed, average 
values over the full w idth of the drift being 
over $40 to the ton. Construction of the new 
mill which will raise the  capacity  to  2,000 
tons daily has been delayed, b u t the building 
has been enclosed and m ost of the machinery 
is now on the g round. Preparations are being 
made to  sink No. 3 shaft to  a depth  of 4,000 ft.

W right-Hargreaves is steadily increasing its 
ra te  of production, and the mill is treating 
500 tons per day, the objective being 700 tons. 
At the two new levels in the easterly part of 
the mine particularly  good results have been 
obtained below the 2,000 ft. level. As much 
as 250 tons per day of $12 ore is being 
obtained from developm ent a t times. In 
addition new ore is being found in the older 
sections of the mine. A t the Teck-Hughes, 
development on the six new levels is disclosing 
an im provem ent in the grade of ore. A winze 
has been sta rted  from the 2,500 ft. level to a 
depth of 3,600 ft. and th is will be connected 
w ith the south shaft a t the 3,000 and 3,600 ft. 
levels.

Diamond drilling a t the Sylvanite from the 
1,750 ft. level has indicated the downward 
continuation of a vein encountered on the 
upper levels carrying good commercial ore. 
Stoping has been s ta rted  a t the 1,750 ft. level
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on ore of a profitable grade. Broken ore in 
the stopes and on the surface am ounts to 
about 57,000 tons. To the east, on the new 
vein system where diamond drilling has 
indicated good widths and high values, 
development is being actively carried on.

The K irkland Lake gold mine has 
encountered rich ore in driving on the 
3,875 ft. level. A crosscut has tapped  the 
vein on the 4,000 ft. level, assays showing very 
high gold content. A t the Bidgood recent 
results of development have been encouraging, 
a good width of vein structure having been 
encountered on the 1,000 ft. level.

The shaft of the Amity Copper has reached 
the 1,000 ft. level, and cross-cutting will be 
started on this level towards the sulphide 
zone on which im portant ore shoots were 
developed on the upper levels.

Sudbury D istrict.—Mining activ ity  in 
this area has been retarded by inadequate 
supply of electric power, bu t the Ontario 
Government promises th a t this difficulty 
will shortly be overcome. The m atter is 
under consideration by the Provincial Hydro- 
Electric Power Commission, and an early 
announcement as to  which of the  available 
sources of power wall be utilized is antici
pated. Good progress is being made w ith the 
construction of the new refinery buildings of 
the Ontario Refinery Company a t Copper 
Cliff. It will have a capacity of 120,000 tons 
of refined copper per annum, and the first 
unit is expected to be ready for operation by 
midsummer. The International Nickel 
Company is repairing the damage occasioned 
by fire a t the Lavack Mine in December by 
the construction of buildings which will have 
a more modern equipment. The Falconbridge 
is rapidly approaching the producing stage. 
The smelter is almost completed and has an 
initial capacity of 250 tons a day. I t  is 
expected to  go into operation next month. 
Diamond drilling has proved the downward 
continuation of the ore-body to  a vertical 
depth of 1,500 ft.

Diamond drilling by the Sudbury Basin 
has located a large ore-body 11 miles east 
of the main deposit. I t  is sta ted  th a t
2,000,000 tons of ore have been indicated 
down to a depth of 500 ft. A t the Treadwell 
Yukon diamond drilling has encountered 
good showing of ore a t depth, and shaft 
No. 2 will be deepened to  1,500 ft. Nos. 1 
and 2 shafts have been connected by a long 
drive at the 500 ft. level.

R ouyn.—Rapid progress has been made 
with the sinking of the new shaft a t the

Noranda which has now almost reached its 
objective of 1,500 ft. Exploration has 
resulted in a considerable increase in the ore 
reserves, the value of which is now estim ated 
a t $120,000,000, the supply being sufficient 
to  keep the smelter in operation for six or 
seven years, a t the rate  of 2,000 tons per day.

The Granada is being financially 
reorganized in order to  secure the necessary 
funds for the construction of a 100-ton 
mill, sufficient ore of good grade being in 
sight to  keep it in operation for two years.

The Newbec is preparing to  make ship
m ents of ore to  the smelter from an ore-body 
developed on the 125 and 250 ft. levels. The 
workings will be carried deeper.

The Amulet is making good headway in 
mill construction and will become a producer 
in the course of the next few m onths. Ore 
reserves of copper and zinc of the value of 
$5,000,000 have been indicated by diamond 
drilling on the F . ore-body.

The Abana has increased its capital from
S3,000,000 to  S3,500,000 which will enable 
them  to build a mill, which it is hoped to  
have in operation by the fall.

The Stanley Siscoe Extension Mines, L td ., 
which owns several claims, including a large 
portion of the bed of the Kenowisik Lake, 
has undertaken a campaign of diamond 
drilling which is being carried on through 
the ice.

P atricia  D istrict. — Mining activities 
in th is area have been largely suspended 
during the winter months, and some of the 
companies are waiting until a supply of 
power becomes available before undertaking 
active development. The mill of the Howey 
has been practically completed and it is 
officially announced th a t it will go into 
operation by the end of January  treating  at 
first 250 tons per day, which will be gradually 
increased to  600 or 700 tons. Underground 
development has been attended w ith satis
factory results, the ore in the lower levels 
down to  1,000 ft. showing increasing widths 
and values.

The Central Patricia is bringing in mining 
equipment over the winter roads, and plans 
the sinking of the shaft to  a depth of 500 ft. 
and about 3,000 ft. of lateral work. Diamond 
drilling has indicated 680 ft. of ore a t the 
250 ft. level w ith an average w idth of 6 ft. 
and an average grade of $15.

The Ontario W oman Lake Gold Mines, 
L td., operating in the W oman Lake area, will 
instal a mining plant and undertake active 
development. A vein discovered on the
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surface has been cut by diamond drilling at 
the 100 ft. level, and a large body of com
mercial ore disclosed.

M an itob a .—W ork on the construction of 
the  smelter of the Hudson Bay Mining and 
Smelting Company has made satisfactory 
progress and is well up to  schedule. A t the 
mine the hoist and the head frame are 
approaching completion, and the hoist will 
be installed this m onth. The steel of the 
crushing plan t will be erected by the end of 
January , and the machinery will be installed 
in February.

The Sherritt Gordon is making steady 
progress in development and will have a large 
tonnage of ore in readiness as soon as the 
Hudson B ay sm elter is ready to  operate.

The Consolidated Mining and Smelting Co. 
is steadily increasing its m ineral holdings in 
N orthern Manitoba. I t  has recently acquired 
several properties adjacent to  the  Don Jon 
group at Thompson Lake.

The Mandy mines has ceased drilling on 
the B aker-Patton property recently acquired 
under option, the results having proved 
disappointing.

The Yellow-Jacket group of ten claims, 
on which im portant discoveries have been 
made, has been taken  over by Toronto and 
Vancouver interests who are organizing a 
company. The Gem Lake has pu t down a 
three com partm ent shaft to  the 500 ft. level, 
and opened up four levels w ith ore showing on 
each, and a vein 11 ft. wide on the 500 ft. 
level carries free gold. The shaft will be 
continued to the 1,000 ft. level.

The W innipeg River Tin Mines, L td., which 
owns 90 claims in southern Manitoba, has 
been conducting extensive exploration and 
has discovered promising tin  showings in 
four places.

C A M B O R N E
February 5.

T in  R estr iction .—The general feeling 
in the county with regard to the restriction 
of tin  production is th a t, after a year or more 
of discussion and persistent labour, it is 
satisfactory to  realize th a t diverse interests 
have, a t length, been reconciled to such an 
extent th a t control over the world’s output 
is established on a working basis for a tria l 
period of sufficient duration to  test its 
general practicability. At the tim e of 
w riting these notes success has been atta ined  
in securing a m ajority  of producers to support 
the scheme, and to undertake to  carry out

its provisions in the  adm inistration of their 
mines and works, in all tin-producing areas 
except the D utch E ast Indies. I t  is w orthy 
of note th a t the last-m entioned shows a 
reduced ou tput in 1928 as compared with
1927, and again in 1929 as compared with
1928, so th a t, apart from the general restric
tion scheme now adopted b y  a m ajority  of the 
producers in all other tin-producing areas, 
production has been already curtailed by the 
D utch interests.

Cornwall, in relation to  voluntary 
restriction of output, stands very  much the 
same as Bolivia and Nigeria, because the 
average inclusive costs in all three are very 
nearly equal. W ith very few exceptions 
profits cannot apparently  be made in either 
area with tin  m etal a t less than  £180 per ton.

South  C rofty and  G eevor.—Six months, 
more or less, of restricted ou tpu t of tin  in 
South Crofty and in Geevor will cause very 
little  inconvenience financially. The worst 
th a t can happen is a  little  tem porary 
encroachment upon the cash reserves, which 
stand at about £45,000 and £30,000 respec
tively. Even th a t, to  any appreciable 
extent, is unlikely. South Crofty, in 
resuming operations on wolfram a t Castle- 
an-Dinas, and raising a  little  more wolfram 
than  usual in recent years a t South Crofty 
itself, will undoubtedly be able to make up, 
partially  if not wholly, in wolfram what is 
lost through restricting tin  output. At 
Geevor lessened returns will be, a t least 
partially , counterbalanced by  a lower 
expenditure in ordinary costs, especially in 
labour.

W h ea l R eeth .—In some other less 
favourably-financed mines, where restriction 
is ra ther through necessity than  by choice, 
the situation is more serious. In  the  case of 
W heal Reeth, for example, it became neces
sary, some three m onths ago, to  provide 
additional funds to  carry on the mine. 
Although underground reserves of moderate 
values had been developed, the  capacity 
of the mill and concentration p lan t—only 
one-half of which had  been erected—was 
insufficient to perm it of profits on the tonnage 
treated  at current prices of tin. In  order to 
instal the contem plated second unit of the 
mill, and so double the tonnage treated , an 
effort was made to  raise £12,500 on deben
tures. The effort was only partially  success
ful. Consequently it  has been decided to 
suspend operations for six m onths.

Levant is m eeting the necessities of the 
case by reducing labour and other costs.
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Wheal K itty  and some other mines are 
working short time, by cutting out the 
week-ends, a certain number of the workmen 
being employed only four, or five, days 
instead of six in each week.

U n em p loym en t. — Restriction renders 
unemployment all the more acute. This is 
unfortunate, but unavoidable, under existing 
conditions. Unemployment is steadily 
growing, especially in Redruth, Camborne, 
and St. Just. In a minor degree the Silicosis 
Order is a  contributory factor in relation to 
the growth of unemployment.

D olcoath .—Any expectations which may 
have existed th a t the Government would, 
in some way, grant financial assistance either 
to the Dolcoath company, to enable them  to 
resume operations a t Roskear, or to the 
scheme prepared by the joint committee of 
the Cornish Institu te  of Engineers and the 
Cornwall Chamber of Mines have not 
yet been realized and prospects of realiza
tion are not very promising.

PERSONAL
J. A ’C. B e r g n e  is hom e from  th e  U n ited  S tates.
F .  O 'D .  B o u r k e  is  h o m e  f r o m  N ig e r i a .
R .  P. B r o d i e  is hom e from Nigeria.
A. O . B r o w n  h a s  left for Morocco.
J a m e s  C a l d w e l l  has left for Mexico.
G. W. C a m p io n  is hom e from  W est Africa. 
G e o r g e  P. C h a p l i n  has re tu rn ed  from  Colombia. 
N. B a l d w i n  D a v i e s  is home from  N yasaland. 
D r .  C. V. D r y s d a l e  has been app o in ted  a

mem ber of th e  Explosives in  Mines R esearch 
Com mittee, in  place of D r .  F .  E .  S m i t h ,  who 
becomes Secretary  to  th e  D ep artm en t of Scientific 
and In d u stria l Research .

G . L. D y e r  h a s  r e t u r n e d  f r o m  R u s s i a .
M. A. F r a n c i s  i s  re tu rn in g  from  B urm a.
W. C. G r u m m e t t  h a s  l e f t  f o r  N ig e r i a .
W. H o p e  H e n d e r s o n  is hom e from  E g y p t.
W. H o e t s o n  is here from  T anganyika.
J .  G. L a w n  is hom e from  South Africa.
H. W. L a w s  has left for B ritish  Columbia.
H u g h  M a r r i o t t  has left f o r  th e  U n ited  S tates

and Panam a.
E. J. M e m b r e y  is re tu rn in g  from U ganda.
C . R .  M i l l e r  h a s  l e f t  f o r  W e s t  A f r i c a .
R. H . M i t c h e l l  h as le ft for Venezuela.
G . D .  O ’G o w a n  h a s  r e t u r n e d  f r o m  P o r t u g a l .
T. H . P r i s k  i s  h o m e  f r o m  B o l i v i a .
J o h n  R o d g e r  i s  re tu rn in g  from  In d ia .
G. W . R u d y e r d  h as left for Spain.
W. H . R u n d a l l  h as le ft for Colombia.
H. E . F. S a v a g e  is here from  M alaya.
D. A. T h o m p s o n  has left for W est Africa.
T. H . W a l m s l e y  h as le ft for N igeria.
R. J. W e s t w o o d  is re tu rn in g  from South Africa. 
R . W i n t e r  is hom e from  Queensland.

E d w i n  T u l l e y  N e w t o n ,  F.R .S ., palaeontologist 
to  th e  Geological Survey from  1882 to  1905, died 
on Ja n u a ry  28, aged 90.

H u g h  L o n g b o u R n e  C a l l e n d a r ,  F .R .S ., P ro 
fessor of Physics a t  th e  Im perial College of Science 
an d  Technology, d ied on Ja n u a ry  21 a t  th e  age of 
66. Professor C allendar’s w ork on th e  m easure
m ent of h ea t and  rad ia tio n  and  on th e  p roperties of 
steam  a t  high pressures and  tem p era tu res has been 
of g rea t value to  engineers.

TRADE PARAGRAPHS
Head, Wrightson, and Co., Ltd., of Stockton- 

on-Tees, issue booklets devoted to  chim neys and 
tan k s , no tab ly  cyanide vats, and  to  cem ent works 
p lan t.

Edgar Allen and Co., Ltd., of Im perial Steel 
W orks, Sheffield, in th e ir  Edgar A lien News for Decem 
ber have an article  describing steel castings for 
bucket dredges and also for crushing m achinery.

Sam u el  Osborn and Co., Ltd., of Sheffield, 
have issued a leaflet draw ing a tte n tio n  to  th e ir
S.O.B.V. cu ttin g  alloy, to  w hich reference has 
been m ade in  these  colum ns before.

H enry Bath and Son, of London, L iverpool 
and  Swansea, send us a copy of th e ir  annual ch art 
showing fluctuations in  th e  prices of copper, tin , 
spelter, and  lead.

Daniel Adam son and Co., Ltd., of D ukinfield, 
M anchester, issue fully illu stra ted  catalogues 
devoted to  tu rbo  compressors, Adam son tu rb ines, 
an d  condensing p lan t.

Hardy Patent Pick Co., Ltd., of Heeley, 
Sheffield, issue a  leaflet describing th e  new H ardy  
“  T ro jan  ” ligh t d riftin g  m achine, th e  to ta l  weight 
of which w ithou t colum n arm  o r clam p is 122 lb.

The British Industries Fair is being held 
sim ultaneously in London and B irm ingham , as 
in form er years, from  F eb ruary  17 to  28, 1930, the  
heavy  section, including all th e  engineering 
industries, being a t  B irm ingham .

G. A. Harvey and Co. (London), Ltd., of 
W oolwich Road, London, S.E. 7, send us a booklet 
describing steel p la te  and  construction  w ork, such 
as k ilns, oil storage tan k s , stills, an d  also a 
v a rie ty  of hydraulic  pressings.

Leyland and B irm in g h a m  Rubber Co., Ltd., 
of P reston , Lancs., send us th e  first issue of a  new  
house jou rnal which, as an  E d ito ria l po in ts out, 
has become necessary as a resu lt of th e  increasing 
d istribu tion  of th e ir  staff.

Mavor and Coulson, Ltd., of 47, Broad S tree t, 
Glasgow, issue a booklet describing th e ir  16 in . 
gear for d riv ing  electric shaking conveyors. They 
also issue a pam phle t w hich describes th e  new 
trough  b e lt gate-end loader.

Salerm o, Ltd., of 14, W aterloo Place, London, 
S. W . 1, issue a booklet which describes in  some detail, 
w ith  b o th  draw ings and  photographs, th e  Salermo 
process of coal d istillation , tog e th e r w ith  a descrip
tio n  of th e  new  Salerm o re to rt.

A.E.G. Electric Co., Ltd., of 131, V ictoria  
S treet, London, S.W. 1, send us th e  Ja n u a ry  issue 
of th e ir  A.E .G . Progress, which con ta ins an  article  
on th e  d istribu tion  of electrical energy on oil fields 
and  also a  descrip tion  of a new m ine locomotive.

Fry’s (London), Ltd., of London, S.E. 10, issue 
a 102 page fully illu stra ted  catalogue of sm all tools 
for engineers and carpenters— notab ly  hack-saw 
blades, stocks and dies, ream ers, tw is t drills, 
lathes, wrenches and pliers, and lubricators.
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V ickers-A rm stron gs,  Ltd., of B arrow -in-
F urness, issue leaflets descrip tive  of jaw  crushers 
and  of crushing rolls, th e  fo rm er are m ade in sizes 
hav in g  jaw  openings of 24 in. b y  13 in . u p  to  84 in . 
b y  60 in ., requ iring  app ro x im ate  h .p . of from  
30 to  300 b .h .p . ; th e  la t te r  in  roll sizes of from  
30 to  72 in . d iam ete r fo r h .p . of from  15 to  100.

M irrlees,  B ickerton,  and Day, Ltd., of 
H azel Grove, S tockport, inform  us th a t  Shan  S ta tes 
Silver L ead  C orporation, L td ., in  B urm a have 
ordered th ree  120 b .h .p . M irrlees Diesel engines 
for coupling to  a lte rn a to rs  of G eneral E lectric  
Co. m anufacture . O rders have  also been  received 
from  th e  B ritish  C olum bia E lectric  R ailw ay  Co., 
an d  th e  A lexandria  W ate r Co., L td .

In ternationa l  C om b ust ion ,  Ltd., of A frica 
House, K ingsw ay, London, W .C. 2, in form  us 
th a t  th e y  h av e  received orders for a  com plete 
boiler p lan t, com prising boilers, a ir  prehea ters, 
pulverizing  p la n t and  aux iliary  m achinery  for th e  
B w ana  M ’K ubw a Copper Mines. A com plete 
stoker-fired p la n t for R yde  Pum ping  S ta tio n  of 
Sydney W ate r B oard  h as also been ordered.

Jam es Gordon and Co., Ltd., of W indsor 
House, K ingsw ay, London, W .C. 2, com m unicate 
in te res ting  particu la rs  concerning th e  adoption  by 
th e  H ull C orporation E lec tric ity  D ep t, of th e  
H agan  system  of au to m a tic  boiler contro l for 
five Clarke C hapm an boilers. T he system  controls 
b o th  fuel and  a ir supp ly  in  accordance w ith  s team  
dem and by  m eans of a m aster regu la to r w hich  is 
sensitive to  m inu te  va ria tio n s in  steam  pressure.

Mond Nickel Co., Ltd. (Bureau of In fo rm a tio n  
on Nickel), of Im p eria l Chem ical H ouse, London, 
S.W . 1, send u s th e  N ovem ber and  D ecem ber 
issues of th e ir  bulletin , th e  form er of w hich contains 
in te res tin g  d e ta il concerning th e  em ploym ent of 
nickel alloy steels in  m odem  m oto r car m an u 
factu re , in  p a rticu la r  th e  D aim ler 30 h .p . double 
six, and  in each of w hich  th e re  are th e  u su a l 
e x trac ts  from  recen t articles describ ing  progress 
in nickel m etallurgy.

British G eophysical Agency, of 20, H igh 
H olbom , London, W.C. 1, send  us an  illu stra ted  
catalogue p repared  by  F erd in an d  Suss, of B udapest, 
describ ing  th e  sm all orig inal E o tvos torsion 
balance, som e of th e  m ajo r characteris tics of 
which are  : L en g th  of to rsion  w ire 300 m .m .,
d iam ete r of to rsion  w ire 0-02 m .m ., len g th  of 
to rsion  a rm  o r beam  100 m .m ., in te rv a l of th e  
successive read ings 45 m in ., an d  to ta l  h e ig h t of 
in s tru m en t w ith  pedesta l and  tr ip o d  1,600 m .m .

Sw edish  A m erican  Prospecting  Corpn.,  of 
26, B eaver S treet, New Y ork, inform  us th a t  th ey  
have acquired all th e  shares of A ktiebolaget 
E lek trisk  M alm letning (The E lectrical P rospecting  
Com pany), of Stockholm , Sweden. I t  will be 
recalled th a t  th ese  com panies u n d e rtak e  electrical 
prospecting  surveys of m ineral land  for ore and  
of petro leum  fields for m apping  stru c tu re . In  
th e  la t te r  field, p a rticu la rly , th e y  w ork  in  co
operation  w ith  Seismos, L td ., of H anover, G erm any, 
and  subsid iary  companies.

W estinghouse Electric International  Co., 
of 2, Norfolk S treet, S trand , L ondon, W.C. 2 (H ead 
Office : New York), in form  us th a t  th e ir  A m erican 
associate com pany are  constructing  a cen tral 
engineering  lab ora to ry  and  an  add ition  to  th e  
p resen t d irec t c u rren t pow er lab o ra to ry  a t  E as t 
P ittsbu rgh . I t  is e stim ated  th a t  th e  building 
will house one of th e  w orld’s b est equipped electrical 
laboratories. G enerators b ig  enough to  supply

th e  e lec tric ity  of a  large tow n  will be used for 
experim en tal purposes and  artificial lig h tin g  for 
te s tin g  in su la tin g  m ate ria ls  will be produced by 
a  h igh voltage surge genera to r. M eans will also 
be availab le  for reproducing  d ifferen t w eather 
conditions for te s tin g  ap p ara tu s b u ilt fo r outdoor 
service. T hey  send us also th e  February-M arch 
issue of th e ir  m agazine  w hich  co n ta in s  a  review  
of recen t progress by  th e  firm  in  electrical 
engineering.

International C om bustion ,  Ltd., Grinding  
and P u lver iz ing  Offices, of 11, Southam pton 
Row, London, W .C. 1, in fo rm  us th a t  th e  com pany 
will in  fu tu re  be  know n as Mining and Industrial  
E puipm ent,  Ltd., and  th e y  give us th e  following 
h is to ry  of th e  circum stances w hich have led to 
th e  change of nam e : In  o rder to  com ply w ith  the 
B ritish  P a te n t  requ irem en ts th e  first Hardinge 
m ill was b u ilt in  E n g lan d  in  1912. T he Hardinge 
C om pany opened a  L ondon office u n d e r Mr. J. C. 
F a r ra n t  to  deal w ith  th e  m an u fac tu re  an d  sale of 
H ard inge  m ills fo r th e  E as te rn  H em isphere in 
Jan u a ry , 1913, an d  th e  business was conducted 
on these  lines u n til 1925, w hen th e  righ ts for the 
H ard inge  m ills w ere acquired  b y  In terna tiona l 
C om bustion, L td . T he p r in c ip a l reason for 
acqu iring  these  rig h ts  was to  o b ta in  a  m ill which 
would be su itab le  for g rind ing  coke, anthracite, 
and  th e  low er grades of coal as a n  ad d itio n  to  the 
R aym ond m ill for b itum inous coals. In ternational 
Com bustion, L td ., c reated  a  g rind ing  and  pulverizing 
d ep artm en t, w hich  included  business done under 
th e  H ard inge  regim e, to g e th e r w ith  commercial 
pulverizing, for which th e  various ty p es  of Raym ond 
m ills were em ployed. From  1925 to  1930 this 
business expanded  rap id ly , th e  jo in t turnover 
increasing  600%  over th is  period. The returns 
for la s t y ea r exceeded those of 1928— th e  previous 
b est y ear— by  65% . In  a d d itio n  to  w et and  dry 
g rind ing  th e  licence to  m anufacture  and  sell 
H um -m er screens w as. acqu ired  from  th e  W. S. 
T y ler Com pany, an d  la s t y e a r  th e  grind ing  and 
pu lverizing  d ep artm en t of In te rn a tio n a l Com
bustion , L td ., to o k  over th e  ex is tin g  business of 
th e  R o ta ry  F ilte r  C om pany, a n d  th e  licence to 
m anufacture  th e  H ard inge T h ickener and  other 
H ard inge  products. Tow ards th e  end  of 1929 
i t  was decided th a t  th e  a c tiv itie s  of th is  departm ent 
h ad  so increased  th a t  th e y  would be  b e tte r  con
ducted  b y  a  sep ara te  com pany, du ly  incorporated 
on D ecem ber 23 last, w hich would tak e  full 
responsib ility  an d  contro l of all problem s in  con
nection  w ith  grinding, screening, th ickening, and 
filtering, including those app ly ing  to  pow er plants. 
So far as th e  policy of th e  new  com pany  is concerned, 
th is  will be as heretofore, nam ely , to  specialize 
in  g rind ing  and  screening and  d ry  and  w et separa
tio n . F o r th e  progressive developm ent of this 
business p la n t facilities have  been extended and 
th e  personnel an d  office accom m odation have been 
considerably increased. A com plete up-to-date 
te s t  p lan t, inco rpora ting  com m ercial sized machines 
covering th e  whole range of th e ir  products, has 
been erected  a t  D erby  an d  is in  da ily  operation 
as described in  these  colum ns in  ou r issues 
of Ja n u a ry  an d  O ctober, 1929. T he three 
o rig inal m em bers of th e  H ard inge  Com
p a n y  (1913) a re  s till  w ith  th e  organization, 
occupying th e  follow ing positions : J . C. F a rran t, 
M anaging D ire c to r ; C. R . C. B u rton , Sales 
M a n a g e r; S. L onghurst, Office M anager. The 
board of th e  new  com pany  consists of G. C. Usher,
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(General M anager an d  D irector In tern a tio n a l 
Com bustion, L td .), chairm an  ; V. Young (Secretary, 
In te rn a tio n a l Com bustion, L td .), s e c re ta ry ; 
and J. C. F a rran t, m anaging director. T hey  
also report th a t  new orders have been received for 
th e  following equ ipm ent :— For E ngland : One
3ft. by  8 in . ball m ill (H ardinge) for alum inium  
skim m ings ; one 5 ft. by  36 in . ball m ill (H ardinge) 
for coal; one 4J ft. b y  16 in. ball m ill (H ardinge) for 
m etal m atte  ; one No. 00 R aym ond pu lverizer for 
carbonate of m agnesia ; one 4 ft. b y  5 ft. H um -m er 
screen for b las t furnace slag ; one 4 ft. by  5 ft. 
H um -m er screen for sand. Fo r Cyprus : One 4 ft. 
by 5 ft. H um -m er screen for pyrites ore. Fo r B urm a : 
One 7 ft. by  48 in. H ard inge ball m ill for copper 
ore. Fo r In d ia  : Two 5-roller R aym ond mills for 
barytes

METAL MARKETS
C o p p e r .—The copper m ark e t was fairly  firm 

during Jan u a ry . In  Am erica, despite  th e  burden 
of big surplus stocks, producers m ain ta ined  th e ir 
quotation  a t  18 cen ts p e r lb ., and  th e  cheaper 
sellers a t  slightly  under th is  figure seem to  have 
disappeared. In  London, s tandard  values have 
been advanced, b u t th is  m ovem ent, i t  is suspected, 
has some connexion w ith  A m erican m anipu lation . 
Consumers everyw here are frank ly  d istrustfu l 
of the  m arket and  feel th a t  prices ought to  be 
reduced. Producers, however, are cu ttin g  down 
th e ir o u tp u t and  ap p aren tly  do n o t propose to 
make price concessions u n til th ey  are absolutely 
forced to  do so.

Average price of cash stan d ard  copper : Jan u a ry , 
1930, ¿71 11s. I d . ;  D ecem ber, 1929, ¿68 7s. 3 d .; 
January , 1929, ¿75 11s. l i d . ;  Decem ber, 1928, 
¿69 7s. 7d.

T i n .—C onditions on th e  t in  m ark e t la s t m onth  
were som ewhat erra tic , a decline being succeeded 
by a recovery, so th a t  values, on balance, showed 
very little  a lte ra tion . Sen tim ent fluctuated 
according to  th e  vary ing  n a tu re  of th e  news 
regarding th e  efforts being m ade to  cu rta il p ro 
duction. The reported  adhesion of th e  Pa tino  
interests to  th e  scheme was of course a  "  bull ” 
poin t for t in  and  there  a re  also favourable ind ica
tions regarding possible fu ture  co-operation in  
o ther quarters. On th e  o th er han d , th e  outlook 
as regards world consum ption is som ew hat doubtful, 
as no one can  y e t tell how th e  A m erican business 
setback is going to  reac t on th e  tran sa tlan tic  
dem and for tin . However, th e  slowing-down 
of operations a t  th e  m ines and  sm elters should 
soon begin to  have  its  effect on th e  s ta tis tica l 
position, and  world “  visible supplies ” should, 
sooner or la te r, comm ence to  shrink.

Average price of cash stan d ard  t in  : Jan u a ry , 
1930,¿175 10s. lOd. ; Decem ber, 1929^179  10s. 2d.; 
Jan u a ry , 1929, ¿222 16s. 3d. ; Decem ber, 1928, 
¿227 13s. l id .

L e a d . —T his m ark e t w as very  stead y  during 
Jan u a ry , b u t in  view  of th e  quietude of dem and 
th roughout E urope, th is  resu lt w as only a tta in e d  
by m eans of considerable artificial support on th e  
p a r t  of th e  Lead Producers’ Association. Supplies 
are su p erabundan t an d  y e t tow ards th e  close of 
the  m onth , sellers were even able to  exact a prem ium  
for spo t m etal. How long th ey  can  continue

these  tac tic s  if in dustria l dem and fails to  im prove 
is, of course, a  problem  th a t  only tim e  can  solve, 
b u t th e  situ a tio n  is obviously h ighly artificial. 
The price looks cheap, b u t i t  would undoubted ly  
be cheaper still b u t for th e  control above referred to.

Average m ean price of soft foreign lead : Jan u a ry , 
1930, ¿21 11s. Id . ; Decem ber, 1929, ¿21 9s. 6d. ; 
Ja n u a ry , 1929, ¿22 4s. 6d. ; Decem ber, 1928, 
¿21 6s. 8d.

S p e l t e r . —T he tendency  of values was ra th e r 
easier u n til th e  m iddle of th e  m onth , supplies 
being in  excess of dem and, b u t tow ards th e  close 
more consum ing and speculative in te rest m anifested 
itself and values recovered. The outlook rem ains 
obscure as i t  is ra th e r doubtful w hether th e  recent 
industria l purchasing will be continued to  any  
ex ten t, while no th ing  fu rth er has tran sp ired  as 
regards th e  a tte m p t to  reh ab ilita te  th e  In tern a tio n a l 
Cartel.

Average m ean price of spelter : Ja n u a ry , 1930, 
¿19 18s. 9d. ; Decem ber, 1929, /2 0  7s. 5d. ; Jan u a ry , 
1929, ¿26 4s. 3d. ; Decem ber, 1928 , ¿26 12s. 2d.

I r o n  a n d  S t e e l . — The Cleveland pig-iron m arke t 
exhibited a ra th e r mediocre aspect during Jan u a ry , 
dem and being slow to  develop as consum ers were 
ra th e r  reckoning on cheaper quo tations as a result 
of th e  lowering of fuel and  ore prices. M akers, 
however, are n o t y e t p repared  to  m ake concessions 
for very  good reasons of th e ir  own, and  have 
consequently m ain tained  th e ir  m inim um  prices as 
fo llow s: No. 1 Cleveland foundry , 75s. ; No. 3
G.M .B., 72s. 6d. ; No. 4 foundry , 71s. 6d. ; and 
No. 4 forge, 71s. H em atite  eased som ewhat 
owing to  a  falling-off in  dem and and E a s t Coast 
Mixed Nos. were ob tainab le  tow ards th e  close of 
Ja n u a ry  a t  78s. to  80s. p e r  ton . In  th e  steel 
industry , various fu rth er m easures of “  ra tionaliza 
tio n  ” were reported , an d  i t  looks as if th e  B ritish  
works a re  going to  be p u t g radually  on a  m ore 
efficient basis. D em and for finished steel, however, 
was ra th e r d isappoin ting  during th e  m onth , 
although a  fa ir am oun t of hom e business was 
secured. The C ontinen tal steelworks a re  busy 
reorganizing th e ir  system  of sales and  of order- 
distribu tion .

A n t i m o n y . — A t th e  close of Ja n u a ry , English 
regulus w as quoted betw een ¿42 10s. and  ¿50 pe r 
ton . Chinese regulus exhibited  a fa irly  firm tone, 
th an k s  in  p a r t  to  A m erican buying, and  spot 
m ateria l w as priced a t  abou t ¿31 5s. to  ¿31 10s. 
per to n  ex warehouse, while for sh ipm ent from 
th e  E as t ¿27 12s. 6d. c.i.f. w as asked.

I r o n  O r e . — D istinctly  dull conditions prevailed 
in  th is  m ark e t in  Ja n u a ry  so fa r as new business 
was concerned, m ost works hav ing  covered fully 
th e ir  requirem ents for some little  tim e to  come. 
T he closing down of th e  E bbw  Vale Co. th rew  
some surplus ore on th e  m arket, and  th is , coupled 
w ith  easier freight ra tes and  th e  w eakening peseta, 
brough t th e  price of b est Bilbao rubio down to  
its  p resen t level of ab o u t 22s. 6d. p e r to n  c.i.f.

A r s e n i c . — Cornish high grade w hite arsenic 
rem ains stead y  a t  abou t ¿15 17s. 6d. to  ¿16 p er 
ton  f.o.r. m ines, while M exican is held for about 
¿17 c.i.f. Liverpool.

B i s m u t h . — A very  fa ir business is still passing 
a t  th e  official price of 7s. 6d. pe r lb. for m erchant 
quan tities.

C a d m iu m .— The b e tte r  tone  noticeable tow ards 
th e  end of las t y ear continued in  Ja n u a ry , and 
prices are firm a t  3s. l id .  to  4s. per lb.
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L O N D O N  D A I L Y  M E T A L  P R I C E S

Copper, Tin, Zinc, and Lead per Long Ton j Silver per S tandard  Ounce I Gold per Fine Ounoe.

COPPER.
TIN .

ZINC
(Spelter).

LEAD . SILV ER .

GOLD.Standard. Electro
lytic.

Best
Selected.

Soft
Foreign. E nglish Cash. For

ward.Cash 3 Months Cash. 3 Months.

J  an- i s. d. 1 s. d. ¿ s. d. C s. d c s. d. r s. d. ( s. cl. c s. d. £ s. d. d. d. s. d.
10 71 11 3 69 16 3 83 10 0 76 15 0 176 17 6 180 2 6 19 8 9 21 8 9 23 0 0 2011 20ft 84 H I
13 71 16 3 69 6 3 83 10 0 — 174 18 0 178 3 9 19 7 6 21 12 ' 6 23 0 0 21is 215 84 114
14 71 18 9 69 11 3 83 10 0 77 0 0 174 10 0 177 15 0 19 5 0 21 12 6 23 0 0 21 i 20ÍS 84 111
15 72 2 6 69 6 3 S3 10 0 175 0 0 178 10 0 19 5 0 21 11 3 23 0 0 21ä 201 34 11}
16 70 16 3 68 18 9 83 10 0 — 176 6 3 179 11 3 19 7 6 21 10 0 23 0 0 21ft 21ft 84 111
17 71 3 9 68 13 9 83 10 0 76 10 0 174 3 Ü 177 6 3 19 7 6 21 10 0 23 0 0 21 201 84 11}
20 72 3 9 68 11 3 83 10 0 173 17 6 176 17 6 19 8 9 21 10 0 23 0 0 21 is 20 r| 84 11}
21 71 18 9 68 13 9 83 10 0 76 10 0 172 6 3 175 7 6 19 12 6 21 10 0 23 0 0 21 20} 84 U
22 72 1 3 68 12 6

3
83 10 0 170 18 y 174 2 6 19 13 9 21 11 3 23 0 0 2 ° r | 20ft 84 11}

23 71 11 3 68 11 83 10 0 — 172 1 3 175 7 6 19 15 0 21 12 6 23 0 0 20Í1 20ft 84 10
24 71 15 0 68 6 3 83 10 0 76 10 0 172 12 6 175 13 9 19 16 3 21 11 3 23 0 0 20,®« 201 84 104
27 71 11 3 68 3 9 83 10 0 — 174 12 6 177 17 6 19 17 6 21 12 6 23 0 0 201 20ft 84 10}
28 71 11 3 68 9 4.1 83 12 6 76 10 0 176 8 0 179 11 3 19 16 3 21 11 3 23 0 0 £01 20ft 84 111
29 71 18 lè 68 18 9 83 17 6 — 180 11 3 183 16 3 20 1 3 21 11 3 23 0 0 20ft 20ft 84 111
30 72 1 3 68 16 3 83 17 6 — 178 2 6 181 5 0 20 1 3 21 13 9 23 0 0 20 | 201 84 114
31 72 0 0 68 13 9 83 17 6 77 0 0 176 13 Ü 179 13 9 19 18 9 21 15 0 23 0 0 £0 191 84 114
Feb.

3 72 6 3 69 1 3 83 17 6 __ 174 17 6 177 18 9 19 16 3 21 12 0 23 0 0 20,% 20ft 84 11}
4 72 17 6 69 1 3 83 17 6 77 10 0 176 17 6 179 17 6 19 12 6 21 11 3 23 0 0 1911 19,1 84 10}
5 72 18 9 69 6 3 83 17 6 — 176 18 9 179 18 9 19 11 3 21 10 0 23 0 0 20 191 84 11
6 74 7 6 69 8 9 83 17 6 — 176 11 3 179 11 3 19 11 3 21 11 3 29 0 0 201 1911 84 104
7 74 12 6 69 13 9 83 17 6 78 10 0 176 1 3 178 18 9 19 12 6 21 10 0 23 0 0 20f t 1911 84 111

10 74 17 6 69 18 9 83 17 6 — 175 6 3 178 3 9 19 13 9 21 10 0 23 u 0 20f t 201 84 111

C o b a l t  M e t a l . — Business has been only 
m oderate  recen tly  and  th e  official price of 10s. 
p e r  lb. is shaded for good business.

C o b a l t  O x i d e s .— A  f a i r l y  g o o d  t u r n o v e r  i s  
r e p o r t e d  a t  8 s .  p e r  l b .  f o r  b l a c k  a n d  8 s .  lO d .  f o r  g r e y .

P l a t i n u m . — D em and has con tinued  slack and  
w ith  supplies p len tifu l prices have  eased, th e  
official price of refined m eta l now s tan d in g  a t  
¿12 5s. pe r oz., while in th e  outside m ark e t down 
to  ¿12 is quoted .

P a l l a d i u m . — I n  s y m p a t h y  w i t h  p l a t i n u m ,  t h i s  
m e t a l  i s  e a s i e r  a t  a b o u t  £ 6  t o  ¿ 6  5 s .  p e r  o z .

I r i d i u m . — L ittle  in te res t has been show n by 
buyers and  q u o tatio n s hav e  declined to  abou t 
¿36 to  ¿39 p er oz. for sponge and  powder.

T e l l u r i u m . — Prices can  only be called nom inal 
in  th e  neighbourhood of 12s. 6d. to  15s. p e r  lb.

S e l e n i u m . — T here is a stead y  dem and  and  th e  
price is pegged a t  7s. 8d. to  7s. 9d. p e r lb . ex 
warehouse.

M a n g a n e s e  O r e . — I t  can n o t be said th a t  th e  
y ea r has opened very  auspiciously for th e  m anganese 
ore trad e  for th e re  has been an  alm ost to ta l absence 
of business during  Jan u a ry , th e  only sales being 
odd cargoes sold b y  w eak holders a t  low prices. 
G enerally  speaking consum ers are well covered 
for m onths ahead , and  supplies are p lentifu l 
despite  th e  fac t th a t  some of th e  sm aller In d ian  
m ines a re  hav ing  to  close down owing to  th e  
unrem unerative  prices now ruling. B est In d ian  
is nom inally  ab ou t Is. l |d .  p er u n it  c.i.f. and  
washed C aucasian ab o u t Is. Id .

A l u m i n i u m . — T he u ndertone  of th e  m ark e t is 
p re tty  firm owing to  th e  strong  contro l of th e  
producing in terests, b u t th e  volum e of forw ard 
b uy ing  done over th e  tu rn  of th e  y ea r was ra th e r  
below norm al, p a rticu la rly  on th e  C ontinen t, and  
i t  is e stim ated  th a t  some reduction  in  consum ption  
m ay  be seen during  1930 com pared w ith  1929. 
P rices, how ever, rem ain  a t  ¿95 less 2%  delivered 
for ingo ts and bars.

S u l p h a t e  o f  C o p p e r .— T h e r e  i s  n o  c h a n g e  in

th e  price of E nglish  m ate ria l w hich is quoted at 
¿27 to  ¿27 10s. delivered, less 5% .

N i c k e l . — A stead y  dem and  is m ain ta in ed  on 
q u ite  a b risk  scale, w ith  prices u n a lte red  a t ¿170 
to  ¿175 p e r to n .

C h r o m e  O r e . — Supplies seem  fa irly  plentiful 
b u t prices are upheld  a t  ¿4 to  ¿4 5s. p e r to n  c.i.f. 
for good average 48%  m ateria l.

Q u i c k s i l v e r . — B usiness d u ring  J a n u a ry  has 
been on a ra th e r  re stric ted  scale b u t th e  price 
keeps s tead y  a t  ab o u t ¿23 2s. 6d. p e r b o ttle  for 
spo t m ateria l.

T u n g s t e n  O r e . — W ith  v e ry  lit t le  dem and for 
ferro -tungsten , m anufactu rers have  absta ined  from 
m aking  fresh purchases of ore, and  very  little 
business h as been done in  th e  p a s t m o n th  or so. 
Spot is still fa irly  scarce and  com m ands up to 
36s. p er u n it  ex w arehouse, b u t for F ebruary - 
M arch sh ipm en t from  C hina, sellers a re  willing 
to  accep t ab o u t 33s., while buyers a re  n o t bidding 
m ore th a n  ab o u t 31s. p e r  u n it  c.i.f.

M o l y b d e n u m . —A m erican 80%  concentra tes are 
s tead y  a t  37s. 6d. to  38s. p e r  u n i t  c .i.f., but 
A ustra lian  85% m ate ria l is held for ab o u t 39s.

G r a p h i t e . — The position  of th is  com m odity 
h as not a lte red  m uch, a lthough  th e  graphite 
in d u stry  in  Ceylon does n o t seem  to  be able to 
s tan d  up to  M adagascan com petition  v ery  success
fully. P rices a re  w ith o u t change a t  ¿25 to  ¿28 
p e r to n  c.i.f. for 85 to  90%  raw  M adagascar flake 
and  ¿25 to  ¿26 c.i.f. for 90%  C eylon lum ps.

S i l v e r . — On Ja n u a ry  1 spo t b a rs  stood a t  214d., 
b u t a lthough  subsequently  In d ia  b ough t a  little , 
A m erica w as a seller and  w ith  C hina offering no 
sup p o rt prices declined. A t th e  low er level India 
took  larger q u a n titie s  and  C hina w orked b o th  ways, 
spo t bars recovering to  21gd. on Ja n u a ry  15 after 
hav in g  touched  2 0 ^ d .  on  Ja n u a ry  8. D uring 
th e  la t te r  ha lf of Ja n u a ry  in  th e  absence of any 
prolonged support q u o ta tio n s again  collapsed and 
on Ja n u a ry  31 spo t b a rs  closed a t  20d., w hich was 
a fresh low record.
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STATISTICS
PRODUCTION OF GOLD IN TH E  TRANSVAAL.

R a n d .
E l s e 

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

Oz. Oz. Oz.
January, 1929 ................. 840,344 36,108 876,452
February ....................... 778,559 36,725 815,284
M arch............................... 830,829 35,700 866,529
April.................................. 836,474 35,649 872,123
May.................................... 858,991 38,607 897,598
J u n e ......................... ........ 821,352 34,677 856,029
July .................................. 853,370 36,110 889,480
A ugust.............................. 850,952 38,649 889,601
Septem ber....................... 814,707 34,846 849,553
October............................. 853,609 35,081 888,690
November.......................... 827,952 33,641 861,593
December......................... 813,574 37,560 851,134
January, 1930 ................. 848,245 34,556 882,801

TRANSVAAL GOLD OUTPUTS.

Dece UBER. J a»UARY.

Treated
Tons.

Yield
Oz.

Treated
Tons.

Yield
Oz.

Brakpan ....................... 76,500 £127,085 82,000 £134,153
City Deep ..................... 96,000 24.074 99,000 24,760
Cons. Main R e e f ......... 57,000 20,894 59,300 21,077
Crown Mines................. 215,000 68,642 228,000 72,669
D’rb'n Roodepoort Dee)' 40,300 13,382 41,700 13,939
East Rand P.M.............. 143,000 38,239 147,000 39,620
Geduld..................... 83,500 26,741 85,000 27,114
Geldenhuis Deep ......... 63,000 14,636 66,000 15,588
Glynn’s Lydenbnrg . .  . 6,100 1,946 6,200 2,100
Government G.M. Areas 196,000 £373,033 210,000 £400,792
Kleinfontein . . . . . . . . . 51,700 £51,601 52,200 11,956
Langlaagte Estate . . . . 72,500 £110,103 81,500 £116,790
Luipaard’s V le i ............. 23,000 6,001 23,000 5,851
Meyer and Charlton . . 17,200 £19,149 17,500 £19,150
Modderfontein New 147,000 72,388 155,000 74,574
Modderfontein B ........ 69,500 24,845 71,500 25,562
Modderfontein Deep . 42,800 22,638 45,900 23,670
Modderfontein East . . . 66,500 19,484 70,000 20,622
New State Areas ......... 74,000 £142,539 78,000 £148,185
Nourse ........................... 56,400 16,740 54,500 16,587
Randfontein ................. 208,000 £212,692 204,000 £216,679
Robinson D e e p ............. 76,000 19,041 80,500 20,810
Rose D e e p ..................... 58,000 12,044 58,500 12,205
Simmer and J a c k ......... 77,SOU 19,750 73,800 19,528
S prings........................... 65,500 £130,913 70,000 £143,387
Sub N ig e l..................... .. 25,700 20,956 27,400 21,430
Transvaal G.M. Estates 13,700 4,583 15,000 4,700
Van Ryn ....................... 41,500 £39,984 42,000 £41,185
Van Ryn Deep ............. 58,000 £105,366 62,000 £105,948
Village Deep ................. 58,000 15,066 57,0)0 15,381
West Rand Consolidated 90,000 £98,277 90,000 £98,342
West S p rings ................. 63,500 £75,914 66,800 £76,994
Witw’tersr’nd (Knights' 53,000 £50,655 56,000 £53,405
W itwatersrand Deep . . 42,300 9,635 42,300 9,370

COST AND PR O FIT  ON TH E RAND, Etc.
Compiled from official statistics published by the Transvaal 

Chamber of Mines.

Tons
milled.

Yield 
per ton.

W ork’g 
cost 

per ton.

W ork’g 
profit 

per ton.

Total
working
profit.

s. d. s. d. s. d. £
Nov., 1 9 2 8 ... 2,539,700 27 9 19 7 8 2 1,041,713
D ecem ber.. . . 2,505,500 27 10 19 8 8 2 1,024,654
January , 1929 2,627,320 28 1 19 9 8 4 1,095,070
February . . . . 2,403,720 28 6 20 3 8 3 990,942
March.............. 2,581,600 28 3 20 0 8 3 1,062.331
A pril............... 2,606,420 28 1 19 11 8 2 1,068,103
May................. 2,694,610 28 0 19 10 8 2 1,100,461
J u n e ............... 2,543,550 28 3 19 10 8 .) 1,065,191
J u l y ............... 2,649,560 28 1 19 8 8 5 1,112,246
A u g u st........... 2,661,800 28 1 IP 9 8 4 1,111,834
September . . . 2,530.370 28 2 19 10 8 4 1,056,839
O c to b e r ......... 2,658,100 28 1 19 8 8 5 1,115,744
November . . . 2,559,450 28 3 19 11 8 4 1,071,199
D ecem ber.. . . ' ,J' — — — 1,058,231

NATIVES EM PLOYED IN TH E TRANSVAAL M INES.
G o l d

M i n e s .
C o a l

M t n e s .
D t a m o n d

M i n e s . T o t a l .

January  31, 1929 . . . 192,526 15,845 50,56 213,427
February 28 ............... 196,150 15,940 5,635 217,725
March 30 ................. 197,646 16,065 5,787 219,498
April 3 0 ................... 197,412 15,900 5,554 218,866
May 3 1 ...................... 195,733 15,852 5,473 217,058
J  une 30 .................... 192,595 15,928 5,029 213,552
Ju ly 3 1 ........................ 190,031 15,914 4,845 210,790
August 31 .................. 190,062 15,867 5,071 211,000
September 3 0 ........... 190,567 15,733 4,814 211,114
O ctober 3 1 ................. 189,739 15,533 4,555 209,827
November 3 0 ............. 186,941 15,320 4,561 206,822
December 31 ............... 184,280 15,326 4,811 204,417
January  31, 1930 . 190,663 15.288 5,889 211,840

PRODUCTION OF GOLD IN  RHODESIA.

1926 1927 1928 1929

oz. oz. oz. oz.
Jan u ary ............... 48,967 48,731 51,356 46,231
February ............. 46,026 46,461 46,286 44,551
M a rc h ................. 46,902 50,407 48,017 47,388
A p r i l ................... 51,928 48,290 48,549 48,210
May ................... 49,392 48,992 47,323 48,189
Ju n e ..................... 52,381 52,910 51,762 48,406
Ju ly  ................... 50,460 49,116 48,960 46,369
A ugust................. 49,735 47,288 50,611 46,473
Septem ber......... 48,350 45,833 47,716 45,025
October ............. 50,132 46,752 43,056 46,923
November . . . . 51,090 47,435 47,705 46,219
December . . . . 48,063 49,208 44,772 46,829

RHODESIAN GOLD OUTPUTS.
Dece»1BER. J anu ARY.

Tons. Oz. Tons. Oz.

Cam and Motor . . . 24,000 10,667 24,000 10,986
Globe and Phcenix .. 6,079 5,278 6,022 5,797
Lonely Reef ........... 5,800 4,153 6,000 4,140
M ayfair.......................... 1,000 470 — —
Rezende ................... 6,400 2,841 6,400 2,722
Shamva ..................... — .— _ _
Sherwood S t a r r ......... 4,400 £9,880 4,800 £11,184
W anderer Consolidated 10,100 2,081 12,040 3,017

W EST AFRICAN GOLD OUTPUTS.

December. J anuary.

Tons. Oz. Tons. Oz.
Ariston Gold Mines . . . . 7,084 £12,044 — —
Ashanti Goldfields 10,034 11,298 10,367 11,458
Taquah and Abosso . .. 8,765 £14,566 8,810 £14,633

AUSTRALIAN GOLD OUTPUTS BY STATES.

Jan u ary , 1 929 ..
F e b ru a ry ...........
M arch .................
A p r il ...................
May ...................
J u n e ...................
J u ly ......................
A u g u s t................
Sep tem ber.. . . .
O ctober...............
N ovem ber...........
D ecem ber...........
January , 1930 ■ ■

Western
Australia.

Oz.
27,384
28,177
25,848
39,160
28,026
33,139
28,080
37,032
32,751
35,445
28.460
33,650
25,472

Victoria.

Oz.

1,997
2,974

3,018
2,368
1,421
2,178
1,739

2,736

New South 
Queensland. Wales.

Oz.
260
117
816
617
493
465

1,203
567
381
789

473

Oz.
445
474

467

AUSTRALASIAN GOLD OUTPUTS.

Associated G.M. (W.A.) .
Blackwater (N .2 .) ...........
Boulder Persev’ce (W.A.) 
Grt. Boulder Pro. (W.A.) 
Lake View & S tar (W.A.) 
Sons of Gwalia (W.A.) . .  
South Kalgurli (W.A.) . .  
W aihi (N.Z.) ...................

December.

Oz. gold.

J anuary.

Tons Value £ Tons Value £

3,674 6,033 4,353 7,570
2,559 4,850 1,364 5,790
4,848 12,679 5,262 12,019
5,395 17,349 ■ — —
— — 12,2301 31,1321
8,724 8.978 12.554 11,119
6,140 12,653 7,316 15,029

21,476 /  7,272* 
I 54,452t - { =

t  Oz. silver. I  Dec. and Jan .
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GOLD OUTPUTS, KOLAR D ISTRICT, INDIA.

D e c e m b e r . J a n u a r y .

Tons
Ore

Total
Oz.

Tons
Ore

Total
Oz.

Balaghat ..........................
Champion R e e f ...............
M ysore...............................
Nundydroog ...................
Ooregum ..........................

4,550
8,410

17,019
11,072
13,544

2,587
6,938
9,961
6,931
6,237

3,250
7,700

17,205
11,500
13,544

2,303
5,591
8,356
6,953
6.231

M ISCELLANEOUS GOLD, S ILV ER , AND PLATINUM  
OUTPUTS.

D e c e î U B E R . J a n u a r y .

Tons Value £ Tons Value £

Chosen Corp. (Korea) . . 9,900 11,265 _
Frontino& Bolivia (C’lbia) 2,400 6,960 1,480 6,653
Lena (Siberia) ................. — 11,978 — 12,469
Lydenburg Plat. (Trans.) 3,360 699p — —
M armajito (Colombia) . . 910 4,498 862 3,274
F resn illo ............................ 92,742 89,513d — —
Onverwacht P latinum . . . 2,615 450 p 2,850 452 P
O riental Cons. (Korea) . . — 103,600d — 97,635*1
St. John del Rey (Brazil) — 42,000 — 44,300.
Santa Gertrudis (Mexico) 50,816 103,802d

d Dollars, p  Oz. platinoids.

PRODUCTION OF T IN  IN  F ED ER A TED  MALAY STA TES 
Estim ated a t 70% of Concentrate shipped to Smelters. Long Tons.
Ju ly , 1929 ...................
A u g u s t..........................
S ep te m b er...................
O ctober ........................
Novem ber......................
D ecember ...................

5,802 January , 1930 ............... 6,128
5.610 February .......................... —
5,332 March .............................. —

5,966 April ................................ —

6,135 M ay.................................... —

5,849 J u n e .................................. —

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

Nov. Dec. Jan .
A yer H ita m ................................... .— — 50.1
B atu  Caves.................................... 28 31 26
C h an g k a t....................................... 65 95 55
Chenderiang.................................. 28 292 272
Gopeng ......................................... 83 86 771
Hongkong Tin .......................... 50 J 184* 137
Idris H ydraulic .......................... 382 382 —
I p o h ............................................... 45 512 31
J e la p a n g ...................................... 211 34 34
K am par M ala y a .......................... 80 70 55
K am pong L a n ju t........................ 60 70 60
K am u n tin g .................................. 72 731 891
K ent (F .M .S .).............................. 45 45 33
K epong........................................... 38 37 40
K inta ............................................. 33 382 30
K inta K e lla s ................................ 31 651 531
K uala K a m p a r............................ 80 90 75
Kundang ....................................... 25 20 23
L ahat ............................................. 15 16 | 141
L aru t T in iie ld s ............................ 82 75 42
Malaya C onsolidated ................. 891 73 59
Malayan T i n ................................ 119 1422 1482
Meru ............................................. 301 241 —
Pahang ..................... ................... 2225 222 222
Pena w a t......................................... 68i 821 77
P engkalen ..................................... 71 651 51
P e ta lin g ......................................... 178 178 2021
Rahm an ....................................... 591 651 651
R am butan ................................ 10 11 101
R antau  ......................................... 58 50 31
R a w a n g ......................................... 30 90 100
Rawang C oncessions................. 200 90 70
Renong ......................................... 1045 108 93
Selayang......................................... 23 25 31
Southern Malayan ................... 1722 1781 1721
Southern Perak .......................... 502 591 681
Southern T ro n o h ........................ 45 48 54
Sungei B e s i .................................. 48 53 48
Sungei K inta .............................. 49 491 331
Sungei W ay ................................ 771 771 831
Taiping ......................................... 38 33 24
T a n jo n g ......................................... 415 441 3 8 |
Teja Malaya ................................ -— 35 152
Tekka ........................................... 46 45 42
Tekka-Taiping .............................. 26 31 31
T e m o h ........................................... 44 512 371
Tronoh ...................................... 118 122 107

OUTPUTS O F N IG ERIA N  TIN  M INING COMPANIES.

Nov. Dec. J a n .

A mari ...................................... 9 7 —
Anglo-Nigerian . . . .  ............. 432 67 —
Associated Tin Mines ........... 250 274 200
Baba R iv e r .............................. 3 21 —
Batura M onguna...................... 2 2 —
B is ic h i....................................... 100 112 122
D affo .......................................... 10 9 —
Ex-Lands ................................ 63 65 —
F ila n i ......................................... 52 51 41
Ja n  t a r ......................................... 37 42 35
Jos ............................................. 29 262 212
Juga V alley .............................. 25 24 20
J  unction ................................... 3 41 6
K aduna ..................................... 59 401 ■—
K aduna P ro sp e c to rs ............. 321 24 —
K a s s a ......................................... 221 19 .... — .
London T i n .............................. 255 251 270
Lower B is ic h i.......................... 81 61 61
Mongu ....................................... 70 60 —
N a ra g u ta ................................... 41 181 21
N araguta D urum i ................. 19 181 21
N araguta Extended ........... 20 15 10
N araguta K a ra m a .................. 271 271 291
N araguta K o r o t ...................... 20 20 13
Nigerian Base Metals ........... 44 —- —
Nigerian C onsolidated ........... 20 20 18
Offin R iver................................ 82 71 81
Ribon Valley .......................... 18 15 —
South B u k e ru .......................... 81 13 13
Tin F ie ld s ................................ 32 21 21
Tin P roperties........................ 25 23 17
United Tin A re a s ................... 28 20 —
Yarde Kerri ............................ 5 5 8

OUTPUTS OF O TH ER  T IN  M INING COMPANIES. 
I n  L o n g  T o n s  o f  C o n c e n t r a t e .

Nov. Dec. Jan .

Anglo-Burma (B urm a)............... 21 191 —
A ramayo Mines (B o liv ia )......... 435 305 240
Bangrin (Siam) ........................ 441 48 591
Berenguela (B o liv ia )................. 38 35 33
C’nsolidated Tin Mines (Burma) 100 100 100
E ast Pool (C ornw all)................. 87 è 871 •—■
Fabulosa (B o liv ia)...................... 197 290 177
Geevor (Cornwall)........................ 67 65 65
J a n ta r  (Cornwall) ................. 22 241 —
Kagera (U g an d a)........................ 28 30 25
N orthern T a v o y .......................... 55 40 40
Polhigey (Cornw all).................... 35 34 31
San Finx (Spain) ...................... 301* 161* —
Siamese Tin (Siam) ................. 1341 1451 138
South Crofty (C ornw all)........... 6S 67} 551
Tavoy Tin (B u rm a )................... 40 47 25
Theindaw (Burma) .................... 3 6 4
Tongkah H arbour (S iam )......... 73 67 50
Toyo (Japan )................................
W heal K itty  (Cornwall).............

30 301 271
45 451 40

W heal Reeth (C ornw all)........... — — —
* Tin and W olfram.

CO PPER, LEAD, AND ZINC OUTPUTS.

Broken Hill South ( Tons lead conc. . .  
( Tons zinc conc. . .

Burm a Corporation . . .  { ^ " v e ?
Bwana M’K ubw a  Tons copper oxide
E lectrolytic Z in c   Tons z in c ___
Indian  C o p p e r...............  Tons c o p p e r..
Messina ........................ Tons copper .
M ount Lyell ...............  Tons concentrates
N a m a q u a ........................  Tons copper . . .
N orth Broken H ill j I 0“  ^  'I Io n s  zinc conc. .
Poderosa ........................ Tons copper ore.

f Tons l e a d ...........
1 Tons slab zinc . .
J Tons lead conc. .
( Tons zinc conc. .

c. . n  (  Tons lead conc. .Sulphide Corporation . .  j  Tons zinc conc
rp . • i /T o n s  lead conc. .
T e tIu h e ............................ jT o n s  zinc conc. .
Union M in iè re .................... Tons copper . . .

/  Tons lead conc .. 
’ ’ ' \T o n s  zinc conc. .

Rhodesia Broken H i l l . . 

San Francisco Mexico .

Zinc Corporation

* Six weeks to  Dec. 28.

Dec. Jan .

4,384 _
4,389 —
6,750 6,750

607,000 608,741
598 612

4,2121 4,2511
233 243
588 641

3,122 3,671
164 —

6,950 —
5,250 —
1,815 990

910 1,502
3,477 3,716
4,083 3,699
2,671* —
3,340* —

993 —
2,091 —

5,054 _
4,166 —

t  Four weeks to Dec. 11. 
Í  Four weeks to Jan . 8.
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IMPORTS OF ORES, METALS, ETC., INTO UNITED  KINGDOM

Nov. D ec.

Iron O r e ...................................... 415,843 491,630
Manganese O re............................ 12,389 25,923
Iron and S te e l ............................ 250,430 256,429
Copper and Iron P y r i te s ......... 38,306 21,456
Copper Ore, Matte, and Prec. . . .Tons . . 3,553 4,254
Copper M e ta l.............................. 11,430 15,985
Tin Concentrate ....................... 7,350 8,340
Tin M e ta l.................................... 1,639 2,440
Lead Pig and S heet................... 30,596 29,606
Zinc (Spelter) ............................ 9,177 14.437
Zinc Sheets, e tc ........................... 2,142 3,005
Aluminium .............................. 1,144 3,911
Quicksilver .............................. . .L b ........ 145,142 177,799
Zinc O x id e .................................. 919 983
White Lead ................................ 18,427 17,141
Red and Orange L e a d ............. . .C w t... . 2,561 3,559
Barytes, ground ....................... . .C w t.. . . 51,994 58,525
A sbestos...................................... 3,342 2,281
Boron M inera ls .......................... 1,907 295
Borax .......................................... . .C w t... . 25,293 39,787
Basic Slag .................................. 5,360 2,454
Superphosphates....................... 10,181 6,876
Phosphate of Lime ................. 28,932 50,124
Mica ............................................ 334 221
Sulphur ...................................... 10,733 5,134
N itrate of S o d a ......................... . .C w t.. . . 133,149 79,822
Potash Salts .............................. . .Cwt.. . . 214,466 268,853
Petroleum : Crude ................... 34,147,507 34,186,141

Lamp Oil .......... 24,810,206 17,232,033
Motor Spirit . . . . 50,232,378 58.904,030
Lubricating Oil . . 6,322,370 4,663,394
Gas O i l ................. 12.946,544 8,829,531
Fuel O i l ............... 25,079,963 27,528,866

Asphalt and Bitumen ............. 22,412 13,166
Paraffin W a x .............................. . .Cw t.. . . 161,792 141,202
T urpen tine.................................. . .Cwt.. . . 32,486 46,390

OUTPUTS REPO RTED  BY O IL-PRODUCING COM PANIES 
I n  T o n s .

Nov. Dec. Jan .

Anglo-Ecuadorian............................ 14,427 14,338 14,805
Apex Trinidad.................................. 34,140 33,530 34,760
A tto c k .............................................. 3,730 3,238 3,111
British B urm ah................................ 5,411 5,518 5,359
British Controlled ......................... 31,206 30,487 32,220
Kern Mex.......................................... 770 765 753
Kern River (Cal.) ......................... 1,739 1,118 932
Kern Romana ................................ 2,592 3,194 2,768
Kern Trinidad ................................ 4,336 5,030 4,726
Lobitos ............................................ 28,669 29,847 28,815
Phoenix.............................................. 48,442 48,618 50,110
St. Helen’s P etro leum ................... 7,802 8,372 6,107

71,890Steaua Romana .............................. 70,640 70,150
Tampico............................................. 2,927 2,989 2,936
Trinidad Leaseholds ..................... 30,400 39,700 32,100
Venezuelan Consolidated............... 5,054 7,595 7,288

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

Jan . 10, 
1930

Anglo-American ..................................
Anglo-Ecuadorian ..............................
Anglo-Egyptian B ..............................
Anglo-Persian 1st Pref........................

O rd ................................
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, Roumania ............................
Royal Dutch (100 f l . ) ..........................
Shell T ransport, Ord.

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

£ s. d £ s. d.
3 9 3 3 2 6

17 0 16 3
2 7 0 2 10 6
1 6 9 1 6 3
3 13 9 4 1 9
1 8 0 1 5 0
1 3 9 1 18 9

6 9 6 6
4 0 4 0

3 15 0 4 3 0
6 4 5 9

1 18 3 2 0 0
14 9 13 6
14 6 13 3

9 9 13 0
33 0 0 32 15 0

4 15 9 4 15 6
9 12 6 9 15 0

9 0 9 0
3 16 3 3 17 6

7 3 7 0
2 IS 9 3 0 0

P R I C E S  O F  C H E M I C A L S .  F e b ru a ry  7.

These quotations are not absolute ; they vary according to 

quantities required and contracts running.

Acetic Acid, 4 0 % .................................................  per cwt.
8 0 % .  „

,, G la c ia l.............................................  per ton
Alum ....................................................................... „
Alumina, Sulphate, 17 to  18% ........................  ,,
Ammonia, A n h y d ro u s ......................................... per lb.

„ 0*880 solution ................................. per ton
,, C arb o n a te ............................................ „
,, N itrate ................................................  „
„ Phosphate .......................................... „
,, Sulphate, 20*6% N ............................. ,,

Antimony, T a rta r E m e tic ..................................  per lb.
„ Sulphide, Golden .............................  „

Arsenic, W hite .....................................................  per ton
Barium Carbonate, 9 4 % ....................................  „

„ C h loride...................................................  per ton„ Sulphate, 94% ............................. .
Benzol, standard motor ....................................  per gal.
Bleaching Powder, 35% Cl.................................. per ton
B o ra x ......................................................................  ,,
Boric A c id .............................................................. „
Calcium Chloride .................................................  Jt
Carbolic Acid, crude 6 0 % ..................................  per gal.

„  ,, crystallized, 40° ........................ per lb.
Carbon D isu lp h id e ............................................... per ton
Citric A c id .............................................................. per lb.
Copper S u lp h a te .....................    per ton
Hydrofluoric Acid ...............................................  „
Io d in e ......................................................................  per oz.
Iron, N i t r a te .........................................................  per ton

„  Sulphate .....................................................  „
Lead, Acetate, w h i te ........................................... ,,

„  N itrate .......................................................  „
„  Oxide, L i th a rg e ......................................... ,,
„ W hite .........................................................

Lime, Acetate, brown ........................................  ,,
„  „ grey, 8 0 % ..................................

Magnesite, C a lc in ed .............................................  ,,
Magnesium, C h lo rid e ........................................... „

,, Sulphate, comml............................ ,,
M ethylated Spirit. 64° In d u s tr ia l .....................  per gal.
N itric Acid, 80° Tw..................................................per ton
Oxalic A c id ...........................................................  per cwt.
Phosphoric A c id ...................................................  per ton
Potassium Bichromate ......................................  per lb.

„ C arbona te ...........................................  per ton
„  Chlorate .............................................  per ton
„ Chloride 8 0 % .....................................  per ton
„ H ydrate (Caustic) 90% ..................  „
„ N itrate, refined...................................  „
„ P e rm a n g an a te ...................................  per lb.
„  Prussiate, Yellow .............................  „

Red .................................... „
„ Sulphate, 9 0 % ...................................  per ton

Sodium Acetate ...................................................  per ton„ Arsenate, 45% ........................ „
,, Bicarbonate ............................................  ,,
„ B ic h ro m a te ..............................................  per lb.
,, Carbonate (Soda Ash) ............................  per ton
,, „ (C rystals)....................................  „
,, C h lo ra te ....................................................  per ton
,, Cyanide, 100% KCN basis...................... per lb.
„  H ydrate, 76% ........................................ per ton
,, Hyposulphite ..........................................  „
„  N itrate, 96% ..........................................
„ Phosphate, comml...................................  per cwt.
,, Prussiate ..................................................  per lb.
„ S ilic a te ......................................................  per ton
„  Sulphate (Salt-cake) .....................................
„  „ (Glauber’s S a l t ) ................................ .
„ Sulphide ..................................................  „

Sulphur, Roll ........................................................ „
„ Flowers ..................................................... „

Sulphuric Acid, 168° ........................................... „„ „ free from Arsenic, 1 4 4 ° .......... .
Superphosphate of Lime, 3 3 % ........................  „
Tartaric Acid .......................................................  per lb.
Turpentine ............................................................ per ton
Tin Crystals .........................................................  per lb.
Titanous C hloride.................................................  „
Zinc Chloride .......................................................  per ton
Zinc D ust ..............................................................  „
Zinc O x id e ..............................................................  ,,
Zinc Sulphate.......................................................... „

£ s. d. 
16 6 

1 16 6 
66 0 0 
8 10 0 
6 15 0 

10
15 10 0 
27 10 0 
24 0 0 
40 0 0 
10 2 0

10}
7

16 0 0 
5 10 0

10 12 6
5 0 0

1 74
6 15 0 

13 10 0 
22 0

5 5
2

0 
0 
5 
74

24 0 0 
1 11
526 0 

6 
0

6 0 0 
1 15 0 

39 0 0 
33 5 0
37 10 0
38 0 0 

7 5 0
16 0 0 

9 10 0 
6 15 0 
3 5 0 

1 5 
21 0 0 

1 13 0 
29 15 0

26 2 6
26 15 0 

9 15 0
31 0 0 
20 10 0

5f 6} 
1 9 

11 0 0
20 10 0 
26 0 0 
10 10 0 

38 
6 0 0 
5 5 0 

25 15 0 
7

14 10 0 
9 0 0 

10 2 0 
11 0 

4}
9 10 0
2 15 0 
2 12 6 
9 5 0

10 0  0 
12 0 0 
5 7 6 
4 0 0
3 9 0 

1 3
44 15 0 

1 6} 
10

12 0 0
27 10 0 
39 0 0 
10 10 0
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SHARE QUOTATIONS
Shares are £1 par value except where otherwise noted

GOLD AND S IL V E R :
SOUTH AFRICA :

B ra k p a n ...............................................
City Deep .............................................
Consolidated Main Reef ...................
Crown Mines (10s .) ..............................
Daggafontein .......................................
D urban Roodepoort Deep ...............
East Geduld .........................................
East Rand Proprietary (10s .)...........
G e d u ld .................................................
Geldenhuis Deep ................................
G lynn’s Lydenburg ............................
Government Gold Mining Areas (5s.
Langlaagte E sta te  ..............................
Meyer & Charlton ..............................
Modderfontein New (1 0 s .).................
Modderfontein B (5s.)..........................
Modderfontein Deep (5s.)...................
Modderfontein E a s t ............................
New S tate Areas ................................
N ourse......................................................
Randfontein .........................................
Robinson Deep A (Is.) ......................

„  „  B .....................................
Rose D e e p .............................................
Simmer & Jack  (2s. 6d.) ...................
S p rin g s ...................................................
Sub Nigel (10s.) ..................................
Van Ryn ...............................................
Van Ryn D eep.......................................
Village D eep.........................................
W est Rand Consolidated (10s.)
W est S p rin g s .........................................
W itw atersrand (K night’s ) ...............
W itw atersrand D eep..........................

RHODESIA :
Cam and M otor ................................
G aika......................................................
Globe and Phoenix (5s.) .................
Lonely Reef .......................................
M ayfair ...............................................
R ez en d e ...............................................
Shamva ...............................................
Sherwood S ta r r ..................................

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

AUSTRALASIA :
Golden Horseshoe (4s.), W .A...........
G reat Boulder Proprietary(2s.),W .A
Lake View and S tar (4s.), VV.A........
Sons of Gwalia, W.A..........................
South Kalgurli (10s.), W .A..............
Waihi (5s.), N.Z...................................
Wiluna Gold, W .A..............................

IN D IA  :
B alaghat (10s.) ..................................
Champion Reef (10s)............................
Mysore (10s . ) .........................................
Nundydroog (1 0 s .) ............................
Ooregum (10s.) ..................................

AMERICA :
Camp Bird (2s.), Colorado .............
E xploration (10s.)..............................
Frontino and Bolivia, Colombia . .
Mexican Corporation, M exico........
Mexico Mines of El Oro, Mexico . .
Panam a Corporation..........................
St. John del Rey, B ra z i l .................
Santa Gertrudis, M ex ico .................
Selukwe (2s. 6d.), British Columbia

M ISCELLANEOUS :
Chosen, K orea .....................................
E die (5s.), New G uinea......................
Lena Goldfields, R u s s ia ...................

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

J an . 0, Feb. 10,
1930 1930

£ s. d. i  s. d.
3 15 6 2 17 6

8 0 7 6
17 9 15 6

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

11 3 10 6
1 19 6 1 17 6

13 3 11 0
3 11 3 3 6 3

(i 0 5 6
2 6 2 6

1 17 0 1 18 9
1 3 6 1 1 0

10 0 10 0
4 12 6 4 3 9

17 6 15 0
1 10 0 1 5 0
1 8 9 1 5 0
1 12 6 1 11 3

9 0 8 3
0 3 6 0

15 0 15 0
8 6 7 9
5 0 4 3
3 3 3 3

3 9 6 3 5 6
1 17 6 1 18 9

7 0 6 6
1 17 6 1 18 9

7 6 7 3
7 3 6 3

19 0 15 3
8 0 9 0
4 0 3 9

1 5 0 1 0 6
4 0 4 0

10 9 14 3
17 6 16 3
15 0 12 6
17 0 1 2 6

1 0 2 0
1 2 6 1 0 6

1 7 3 1 6 6
1 6 1 9

1 9 2 9
1 6 1 6

13 6 13 0
1 3 1 6

13 9 11 0
12 9 13 0
16 9 17 0

4 3 4 0
8 9 9 0

11 9 13 0
15 0 16 0
0 3 6 3

1 3 1 0
7 6 7 6
7 6 7 6
9 0 9 0
3 9 3 9

1 0 0 1 0 0
17 9 18 6
8 9 8 3
4 3 4 0

10 0 8 9
15 0 15 II

9 6

1 3 6 1 2 0
1 1 3 1 1 6

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

18 0 16 6
1 16 6 1 13 9

16 3 16 O
2 5 0 3 0 0
1 14 6 1 15 0

46 0 0 46 5 0
1 13 0 1 10 0
2 2 6 1 18 9
5 1 3 4 18 9

LEA D -ZIN C :
A malgamated Zinc (8s.), N.S.W. 
Broken Hill Proprietary, N.S.W .
Broken Hill N orth, N .S.W ...........
Broken Hill South, N.S.W ............
Burm a Corporation (10 ru p ees).. 
Electrolytic Zinc Pref., Tasm ania
Mount Isa, Q ueensland.................
Rhodesia Broken Hill ( 5 s . ) .........
San Francisco (10s.), Mexico . . .  
Sulphide Corporation (15s.), N.S.W

ditto , P ref.....................................
Zinc Corporation (10s.), N.S.W . . 

d itto , P ref.....................................

T IN :
Aramayo Mines (25 fr.), Bolivia . .
Associated Tin (5s.), N igeria .........
A yer H itam  ........................................
Bangrin, S ia m .....................................
Bisichi (10s.), Nigeria ......................
Chenderiang, M a la y ..........................
Consolidated Tin Mines of B urm a.
E ast Pool (5s.), Cornwall ...............
Ex-Lands Nigeria (2s.), Nigeria . . .
Geevor (10s.), C o rn w a ll...................
Gopeng, M alaya ................................
Hongkong .............................................
Idris (5s.), Malaya ............................
Ipoh Dredging (16s.), M a la y ...........
K aduna Prospectors (5s.), Nigeria. 
K aduna Syndicate (5s.), Nigeria ..
K am unting (5s.), Malay .................
Kepong, M a la y ...................................
Kinta, M ala y .......................................
K in ta Kellas, M a la y .........................
K ram at Pulai, M alay.........................
Lahat, Malay .....................................
Malayan Tin Dredging (5s.) ...........
N araguta, Nigeria ............................
Nigerian Base Metals (5s.) .............
Pahang Consolidated (5s.), M alay. .
Penaw at ($1), M alay.........................
Pengkalen (5s.), Malay ....................
Petaling (2s. 4d.), M a la y .................
R am butan, M a la y .............................
Renong Dredging, Malay ...............
Siamese Tin (5s.), S ia m ....................
South Crofty (5s.), C o rnw all...........
Southern Malayan ............................
Southern Perak, M alay......................
Southern Tronoh (5s.), M alay .........
Sungei Besi (5s.), Malay .................
Sungei K in ta , Malay .......................
Tanjong (5s.), M alay .........................
Tavoy (4s.), Burm a ..........................
Tekka, Malay .....................................
Tekka Taiping, M a la y ......................
Temengor, M a la y ...............................
Toyo (10s.), Japan  ............................
Tronoh (5s.), M alay............................

D IA M ON DS:
Consol. African Selection T rust (5s.)
Consolidated of S.W .A.......................
Dc Beers Deferred (£2 1 0 s .) ...........
Jag ersfo n te in ........................................
Premier Preferred (5 s .) ......................

FIN A N C E , E tc . :
Anglo-American C orporation...........
Anglo-French Exploration .............
Anglo-Continental (1 0 s .)..................
Anglo-Oriental (Ord., 5 s . ) ...............

d itto , Pref..........................................
British South Africa (15s.) .............
Central Mining (£8) ..........................
Consolidated Gold Fields ...............
Consolidated Mines Selection (10s.)
F an ti Consols (8s.) ............................
General Mining and Finance .........
Gold Fields Rhodesian (10s.) .........
Johannesburg Consolidated ...........
London Tin S y n d ic a te ......................
Minerals S e p a ra t io n ..........................
N ational Mining (8s . ) ......................
R and Mines (5s.) ..............................
Rand Selection (5 s .) ..........................
Rhodesian Anglo-American (10s.).
Rhodesian Congo Border .............
Rhodesian Selection T rust (5s.) . .  .
South African Gold T r u s t ...............
Southern Rhodesia Base Metals . .
Tigon (5 s .) ............................................
Union Corporation (12s. 6d.) . . 
V enture T rust (10s.)...........................

Ian. 9, Feb. 10,
1930 1930.

£ s. d. £ s- d.
10 9 10 6

1 4 3 1 3 0
4 12 6 4 5 0
3 1 3 2 17 6

14 6 15 0
1 10 0 1 8 9
1 7 6 1 6 3

3 6 2 3
1 6 0 1 3 6

18 9 15 9
1 5 9 1 1 6
1 16 3 1 13 9
3 15 0 3 12 6

1 16 3 1 13 9
6 6 6 6

14 9 11 3
1 6 3 1 2 6

8 0 8 0
9 0 1 6
6 9 6 0
1 0 1 3
2 3 2 0
5 9 5 3

2 2 6 2 3 9
1 1 0 19 0

10 9 9 9
1 2 C 1 0 0

8 9 7 6
15 0 15 0
10 3 8 0
18 9 18 0
12 6 12 6
8 6 8 3

2 1 3 1 17 6
10 3 10 0

1 5 3 1 5 3
11 3 11 3
1 9 1 3
9 9 10 3
2 0 1 9

19 0 17 0
12 3 12 6
13 9 13 9

1 6 3 1 4 3
12 3 12 0
3 6 3 3

16 3 16 0
2 5 0 2 1 9

11 0 9 9
11 6 12 0

1 1 0 19 6
14 (i 13 3
6 3 7 6

1 1 0 1 0 6
1 2 6 19 9
1 5 0 1 6 3

7 6 7 0
1 0 6 1 0 0

1 5 0 1 5 0
12 6 11 3

10 1 3 10 0 0
2 1 3 2 1 3
5 0 0 5 0 0

1 12 G 1 11 3
1 1 3 1 1 3

in 9 10 9
6 6 6 3

13 3 14 9
2 1 0 2 2 0

18 15 0 18 5 0
2 6 3 2 1 3

18 3 18 3
14 <i 13 0
17 G 15 6
10 0 9 9

2 6 3 2 5 0
1 16 3 1 18 9
4 15 u 7 2 6

1 9 1 0
3 4 6 3 1 3

15 0 14 0
1 13 9 1 16 3
7 17 6 14 5 0
2 11 3 2 8 9
1 7 i> 1 6 3

12 6 15 0
1 8 9 1 7 6
3 14 6 3 12 6

5 6 6 0



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

In  this section we give abstracts o f im portant articles and papers appearing in  technical journals and  
proceedings o f societies, together with brief records o f other articles and pa 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 of m ining companies.

D E V E L O P M E N T S  IN M IL L IN G  P R A C T IC E  O N  T H E  F A R  E A S T  R A N D

In  th e  Journal of th e  Chem ical M etallurgical 
and Mining Society of South Africa for O ctober la s t 
fu rther developm ents in  tube-m illing and  classifica
tion practice a t  W est Springs a re  described by 
J .  L. W illey and  S. E . T. Ewing. The w riters in  
previous papers have d ea lt w ith  th e  econom ic and  
m etallurgical aspects of single stage crushing 
followed by tube-m illing  as applied to  m ines 
situated on th e  F a r  E as t R and . Full ex trac ts  are 
here given from th e ir  la te s t  paper.

In  th e  first place i t  should be  s ta te d  th a t  ores 
drawn from different areas and  horizons of th e  
R and goldfield, w hen reduced to  iden tical final 
pulp gradings and  subm itted  to  iden tical cyanide 
treatm ents yield qu ite  d ifferent ex traction  results. 
Broadly speaking, ores from th e  deeper workings 
of th e  F a r  E as t R and  basin  will show residual 
values double those ob tained  from  th e  W est 
and Central R an d  w hen su bm itted  to  iden tical 
treatm ent. Much investigation  and  experim ent 
has been carried o u t by  workers in  th is  field w ith  
a view to  determ in ing  th e  underlying reason for 
th is com parative in trac tab ility . W h atev er th e  
cause or causes, all th e  research  th a t  has been 
carried ou t on m ines of th e  Group associated 
with W est Springs leads to  th e  conclusion th a t  
the  so-called refrac to ry  gold co n ten t is so encased 
in  the  pyritic  po rtion  of th e  ore as to  necessitate  
very fine grinding for its  release.

W hen th e  first D orr Classifier to  be installed 
on these fields was p u t in to  operation  a t Springs 
Mines in 1920, i t  was a t  once noticed th a t  th e  sm all 
proportion of — 200 m esh product contained 
in th e  rake oversize p ro duct carried abnorm ally 
high gold values, th u s showing th a t  th e  classifier 
had a d istinc t concentrating  effect. This effect 
was fu rth er confirmed a short tim e la te r  on th e  
installation of tw o bowl classifiers on th e  sam e 
mine, and i t  th en  became th e  subject of closer 
investigation. I t  was found th a t  a surprisingly 
large proportion of th e  to ta l residual gold was 
contained in  th is  p a rticu la r product. L abora to ry  
trea tm en t of these values indicated  th a t  th e  gold 
was still m ainly locked up or encased in  its  p y ritic  
envelope, and  th a t  th e  p roduct would require 
considerable fu rth er com m inution to  release th e  
bulk  of its  gold values. A t th e  sam e tim e  i t  was 
clear th a t  under existing conditions of cost of 
tube-m illing th e  economic lim it of com m inution 
of th e  to ta l ore had  a lready  been reached. The 
question, therefore, resolved itself in to  th e  
possibilities of economical separation  and  fu rth er 
com m inution of th is  p roduct and th is  p roduct 
only.

The separation  of th e  p y ritic  co n ten t of R and  
ores by  m echanical concentration  or flotation, 
and its  subsequent regrinding and  trea tm en t, 
has been th e  subject of experim ent and  discussion 
for m any  years, and  is, in fact, in  operation  to -day
2— 6

on several m ines. Owing, however, to  th e  h igh 
percentage of p y ritic  m a tte r  con tained  in  th e  ores 
of th e  m ines dealt w ith  here, and  th e  correspondingly 
large p lan t required, th e  overall gain th a t  could 
be foreseen was n o t sufficient to  w a rran t th e  
adoption of an y  of these  know n m ethods, all of 
which really  en ta il th e  bodily rem oval of th e  
m ateria l i t  is desired to  subm it to  special t r e a t
m en t from  th e  m ain  body of pulp  and  its  fu rth er 
handling in  a separate  p lan t. The m atte r, th e re 
fore, lay  in  abeyance some tim e u n til a new

possibility  was opened up  b y  th e  inform ation  
which began to  come in  from  various sources as 
to  th e  p racticab ility  and  gain in  overall grinding 
efficiency to  be secured by  carry ing  out th e  operation  
of tube-m illing by  stages in stead  of in  onlv one 
stage as now com m only practised  on th e  R a n d .

Tube-m illing in  tw o stages, com bined w ith  th e  
know n concentra ting  effect of th e  D orr Bowl 
Classifier, offered a sim ple m eans of subm itting  
a  selected portion  of th e  to ta l  pulp from  th e  p rim ary  
mills to  a fu rth er stage of grinding w ithou t incurring  
th e  heavy  expense of bodily ab strac tin g  th e  selected 
po rtion  from  th e  m ain  pulp  stream . A p lan t 
designed on these lines which would involve little  
o r no add itional cap ita l or runn ing  costs m ight 
therefore, be expected to  yield a  h igher o u tp u t 
of finished product per tu b e  mill due to  th e  staging 
effect, an d  allow of add itional fine grinding of th e  
selected product, w ithou t increasing th e  fineness 
of th e  to ta l p roduct beyond th e  economic lim it.

113
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T he o p p o rtu n ity  for p u ttin g  these  ideas in to  
effect did no t occur u n til an  increase of th e  tonnage  
capacity  of th e  W est Springs p la n t w as decided 
on in  1927. A t th is  d a te  th e  tube-m ill p lan t 
consisted of te n  6 ft. 6 in. x 20 ft. O in. tube  
mills producing an  average da ily  tonnage  of 2,000 
to n s of finished product. I t  hav in g  been decided 
to  increase th e  capac ity  of th e  m illing p la n t to  
enable i t  to  deal w ith  a nom inal m on th ly  tonnage  
of 60,000, an  increase of 10,000 tons, steps were 
tak e n  to  a lte r th e  operation  of th e  p la n t to  stage

As regards grind ing  m edia in  th e  secondary 
or regrinding mills, large pebble as used in  the 
p rim ary  m ills is, of course, q u ite  unsuitable. 
Steel balls or cylinders, e tc ., give sa tisfactory  
grind ing  results b u t a re  n a tu ra lly  expensive. At 
W est Springs th e  size of th e  pebble re jec t from  the 
p rim ary  tu b es is dete rm ined  by th e  au thors ' 
previous experience, and  is a — 1J  ln - pebble. P len ty  
of su itab le  m ate ria l is available from  th is  reject 
w hich is trom m elled  to  d iscard  pebble below 
1 in. approx im ately . A com posite grind ing  media

d r y  F E E D - l j

y

F i g . 2.

m illing and  " s e le c t iv e ” grinding, a t  th e  sam e 
tim e  adding tw o add itional 6 ft. 6 in. x 20 ft. 0 in. 
tu b e  mills. T he increased  and  modified p lan t 
cam e in to  full operation  in  August, 1928. F ig. 1 
shows th e  original flow sheet, and  Fig. 2 th e  am ended 
flow sheet. T he effect on th e  residue values was 
im m ediate, a  fall of 0T0 dw t. show ing up  in  th e  
first few days. T he d e te rm in a tio n  of th e  b est 
ra tio  of p rim ary  to  secoridary mills is, however, 
a  slow process. A s ta r t  w as m ade w ith  a ra tio  
of 10-2, and th is  was m ain ta ined  u n til th e  conditions 
for o b ta in ing  th e  best results in  th e  regrinding 
circu it h ad  been determ ined. A t p resen t th e  p lan t 
is operating  on a  9 -3  ra tio , and  still h igher ra tios 
of secondary  to  p rim ary  m ills will be experim ented  
w ith  w hen o p p o rtu n ity  p resen ts itself.

T onnage p roduction  has been increased b y  th is  
double stage  grinding, and  a lthough  nom inally  
of 60,000 tons m onth ly  capacity  in  a 26 w orking 
d ay  m onth , th e  p lan t has handled  65,000 tons 
in  a  27 w orking d ay  m o n th  w ith  ease.

consisting  m ain ly  of re ject pebbles from  the 
p rim ary  tu b e  mills, to g e th e r w ith  scrap steel, is 
being used a t  th e  p resen t tim e  ; (the scrap steel 
is m ain ly  o b tained  from  old drill steel and  worn 
ou t tu b e  m ill bars cu t dow n to  a len g th  of f ro m  
3 in. to  4 in). The ten d en cy  a t  th e  p resen t tim e 
is g radually  to  reduce th e  am o u n t of steel used, 
and  th e  ind ica tions are th a t  i t  w ill be possible to 
ob ta in  th e  requ ired  resu lts  by  th e  use of reject 
pebbles alone. If  th is  should prove to  be the 
case, a  fu rth e r appreciable  sav ing  in  costs will 
result.

M ention has previously been  m ade of th e  con
cen tra tin g  effect o b ta ined  by  th e  use of th e  type 
of classifier in s ta l le d ; in  th is  connection  i t  is 
in te res tin g  to  note th a t  th e  p y ritic  co n ten t of the 
ore m illed is from  4-4% to  4 5%  ; in  th e  rake 
p ro duct from  th e  p rim ary  duplex  D orr Classifiers 
th e  percen tage of p y rite  rises to  betw een 7-3% and 
7-5% ; in  th e  — 200 m esh p o rtio n  of th is  p roduct 
th e  p y ritic  co n ten t is of th e  order of 17-5%. In

>
O V E R F L O W  TO S L I M E  P L A N T
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the rake p roduct from  th e  bowl or final classifiers 
the percentage of p y rite  varies from  8-5% to  9 '0% , 
and in th e  —  200 m esh portion  of th is  p roduct 
it  has risen to  approx im ate ly  36% .

W ith th e  original flow sheet (Fig. 1) in operation, 
the  tube  mills were run  a t  a speed of 25-6 r.p .m . 
I t  was felt th a t  a lower speed m ight give b e tte r 
results in th e  regrinding section, and therefore, 
arrangem ents were m ade to  run  th e  tw o secondary 
mills a t  24-25 r.p .m . and  2 3 5  r.p .m . respectively. 
A certain  am ount of experim ental work was also 
carried out w ith  different speeds vary ing  from 
19 r.p .m . up  to  25-6 r.p .m . T his work clearly 
indicated th a t, under th e  conditions perta in ing  
a t the  p lant, th e  h igher speed gave th e  best results 
expressed in  term s of —  200 m esh m ateria l pro
duced. I t  is realized th a t  these te s ts  were no t so

As a resu lt of th e  above tests, th e  regrinding 
mills are now run  a t  a  speed of 25-6 r.p .m ., which is 
th e  sam e speed a t  which th e  p rim ary  m ills are 
operated.

For effective stage tube-m illing, certa in  modifica
tions in  th e  operation  of th e  p rim ary  tu b e  m ill 
circuit, as com pared w ith  th e  original conditions, 
have been found necessary. In  order to  handle 
th e  larger circulating  load necessitated by  th e  
new conditions and  also to  overflow th e  increased 
tonnage of appreciably  coarser pulp, i t  was 
necessary to  m ake th e  following a lte ra tions :—

(1) Increase th e  speed of th e  classifier rakes 
from  15 strokes per m inu te  to  20 strokes, and  
finally to  1 2 \ strokes, which is th e  p resen t speed.

(2) Increase th e  pressure in  th e  je t  elevators 
from 60 lb. to  100 lb., sim ultaneously reducing

T a b l e  A : S i n g l e  S t a g e  T u b e  M i l l i n g .

May
June
July

Date.

1928.

Running Total Tons milled
Tons —90 

Product
Tons—200 

Product Total K .W . hours K .W . hours K .W . hours
time tons per tube per mill per mill K .W . hours per ton per ton per toil
hr s. milled. per 24 hours. per 24 hours. per 24 hours. milled. —90 product -—200 product

6460-67 53,000 199-11 189-95 154-11 1,072,281 20-0 21-0 25-9
6215-00 52,200 201-58 192-10 154-81 1,078,097 20-7 21-7 20-9
6202-92 52,000 201-20 191-54 155-12 1,103,885 21-2 22-3 27-8

18878-59 157,800 200-01 191-18 154-67 3,254,263 20-6 21-65 26-8

1929.
January
February
March

D o u b l e  S t a g e  T u b e  M i l l i n g  a n d  S e l e c t i v e  G r i n d i n g . 

R atio 10 P rim ary Tube Mills and 2 Secondary Tube Mills.

7215-00 63,000 209-56 204-95 167-44 1,212,069 19-2 19-7 24-1
6500-58 57,000 210-44 205-39 167-51 1,143,306 20-0 20-5 25-2
6812-25 60,000 211-38 205-47 165-94 1,300,414 21-7 22-3 27-6

20527-83 180,000 210-45 205-26 166-96 3,655,789 20-3 20-8 25-6

April
May
June

1929.

D o u b l e  S t a g e  T u b e  M i l l i n g  a n d  S e l e c t i v e  G r i n d i n g . 

Ratio 9 Prim ary Tube Mills and 3 Secondary Tube Mills.

7127 ■14 62,600 210 ■80 206-37 169-91 1,233,462 19-7 20-1 24-4
7694 ■78 65,100 203 •05 200-41 169-34 1,336,418 20-5 20-8 24-0
6967 ■01 60,100 207- 03 203-51 168-52 1,279,495 21-3 21-7 26-2

21788- 93 187,800 206- 96 203-43 169-26 3,849,375 20-5 20-9 25-1

exhaustive as could have been desired, b u t th e  
carrying ou t of large scale experim ents in an 
operating p lan t is frequently  a m a tte r  of g reat 
difficulty. In  th e  te s ts  carried out, th e  general 
conditions on each mill, i.e. as regards feed, 
grinding media, m oisture, etc., were m ain tained  
as sim ilar as possible, th e  speed of th e  mills being 
the  only variable.
. Briefly, th e  results obtained were as follows :—

(1) W ith  one mill runn ing  a t  21 r.p .m ., as 
compared w ith  th e  o ther running  a t  24-25 r.p .m ., 
the  la tte r  mill showed an  increase of 3-2% in th e  
q uan tity  of —  200 m esh m aterial produced based 
on the  to ta l tonnage crushed.

(2) W ith a speed of 22 r.p .m ., as com pared 
w ith a speed of 24-25 r.p .m ., th e  la tte r  speed gave 
an  increase of 1-5% in th e  — 200 m esh m ateria l 
produced.

(3) W ith  a speed of 23-5 r.p .m ., as com pared 
w ith a speed of 24-25 r.p .m ., th e  increase in favour 
of th e  h igher speed was 0-6%.

(4) W ith  a speed of 24-25 r.p .m ., as com pared 
w ith a speed of 25-6 r.p .m ., th e  increase in  favour 
of th e  h igher speed was 1-7%.

(5) A repetition  of No. 4 gave an  increase of
1-9% in  favour of th e  h igher speed.

(6) W ith  a speed of 19 r.p .m ., th e  results obtained 
were so poor th a t  th is  te s t  was abandoned a fte r 
a  th ree  d ay s’ run.

th e  size of th e  je ts  from  13/16 in. to  11/16 in., 
which enables a m oisture co n ten t of 76% to  be 
m ain tained  in  th e  p rim ary  classifier overflow.

(3) Cut down th e  level of th e  p rim ary  classifier 
overflow by  approxim ately  5 in . ; th e  overflow 
p late a t  th e  end of th e  classifier has been actually  
cu t down 10 in. and  th is  p la te  replaced by  
renewable wooden slats, each of a thickness of 1 in. 
This a rrangem ent enables a rapid  a lte ra tion  in 
classification conditions to  be m ade, and  has 
been found extrem ely useful in operation.

B ar liners of th e  Osborne ty p e  are used in  th e  
prim ary  m ills ; these  are installed in tw o sections, 
and  th e  average life of th e  in le t end section is 
125 days, w hilst an  average life of 165 days is 
ob tained from th e  ou tle t end section.

The diam eter of th e  screen in  th e  prim ary  mills 
is 4 ft. 4 J in . ;  th e  apertu res are slotted, th e  slots 
being 4 in. long and  1J in. wide tap erin g  to  1J in. 
A 6-arm  discharge scoop is used.

T he liners in use in th e  regrinding mills are of 
th e  solid cast type, and  up to  th e  p resen t i t  has 
n o t been necessary to  replace e ither of these liners, 
and i t  is estim ated  th a t  an  approx im ate  life of 
16 m onths will be ob tained  from  them .

T he d iam eter of th e  screen is th e  sam e as in 
th e  p rim ary  m ills ; th e  apertu res a re  round, 
tapering  from 1 in. in d iam eter to  l ^  in. A
3-arm  discharge scoop is used.
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Date.

1928.
May
June
Ju ly

Averages

1929. 
Jan u ary  . 
F eb ru ary  . 
March 

Averages

1929.
April
May
Ju n e

Averages

Jan u ary
February
March
A pril
May
Ju n e

T a b l e  B  : S i n g l e  S t a g e  T u b e  M i l l i n g .

Gradings o f Final Product.

+
60

+
90

4-
200 200

77-4
76-8
77-1 
7 7 1

Original
Value
Dwts.

6-916
6-836
6-919
6-891

Residue
Value
Dwts.

•491
•481
•512
•495

Theoret
ical

Ext'tion
%

92-90
92-96
92-60
92-82

Original Grading Assays 
Dwts. per ton.

4*
60

4-
90

3-87
3-73
3-15
3-58

Residue Gradings Assays. 
Dwts. per ton.

+ _ -t- + + —
200 200 60 90 200 200

2-50 8-60 _ •99 ■73 •46
2-87 8-90 — •74 •80 ■48
2-65 8-82 — •81 •73 •49
2-67 8-77 — •85 •75 •48

D o u b l e  S t a g e  T u b e  M i l l i n g  a n d  S e l e c t i v e  G r i n d i n g . 

R atio 10 Prim ary  Tube Mills and 2 Secondary Tube Mills.

_ _ _ 79-9 5-868 •391 93-34— — .— 79-6 6-277 •383 93-90— — — 78-5 6-300 •383 93-92— — — 79-3 6-140 •386 93-72

12-40 1-68 6-45 — •81 •45 •37
11-45 2 0 3 7-13 — •92 •55 •35
13-71 2-77 6-63 — •81 •37 ■34
12-52 2-16 6-74 — ■85 •46 ■35

D o u b l e  S t a g e  T u b e  M i l l i n g  a n d  S e l e c t i v e  G r i n d i n g . 

Ratio 9 P rim ary  Tube Mills and 3 Secondary T ube Mills.

_ _ 80-6 6-340 •368 94-24 _ 12-35 2.00 5-95 — •70 •35 ■34_ _ _ 83-4 5-265 •335 93-64 -— 18-38 2-07 6-55 — ■95 •42 ■28_ _ _ 81-4 6-341 ■335 94-72 — 16-75 2-30 6 5 2 — •68 •36 •28
— — — 81-5 5-968 •346 94-20 — 15-83 2-12 6-34 — •78 •38 • 30

Date.

1929.

T a b l e  C 

Overflow from  Primary Classifiers.

4-
60

G r a d i n g s .

Feed to Secondary Tube M ills.

2-8
3-0
3-2
4-5 
4 -7  
6-4

Discharge from  Secondary Tube 
M ills.

+ + __. + + + — -f- + + —
90 200 200 60 90 200 200 60 90 200 200

18-8 20-0 58-4 3-7 41-8 42-9 11-6 •7 22-4 40-0 36-9
19-1 20-5 57-4 3-7 42-5 42-6 11-2 •8 23-4 4 0 0 35-8
19-8 20-7 56-3 4-0 42-9 41-3 11-8 1-0 24-1 38-9 36-0
19-7 22-2 53-6 5-9 37-6 43-5 13-0 •7 14-0 35-6 49-7
19-3 22-9 53-1 6-7 34-4 45-1 13-8 0-4 7-1 31-8 60-7
20-0 22-9 50-7 8-7 36-7 42-5 12-1 0-5 9-1 33-9 56-5

May .
June
J u ly

January
February
March
April
May .
June

Date.
1928.

1929

Date.
1928

May
June
Ju ly

Averages
1929.

January
February
March

Averages
1929.

April
May
June

Averages

T a b l e  D .

R o c k  f e d  t o  
P r i m a r y  T u b e  M i l l s .

Double Stage
Single Stage 
Tube M illing  

Tons per m ill 
per 24 hours.

Tube M illing  
Ratio 10 : 2. 

Tons per m ill 
per 24 hours.

G r i n d i n g  M e d i a  f e d  t o  
S e c o n d a r y  T u b e  M i l l s . 

Double Stage
Tube M illing  

Ratio 9 : 3 
Tons per m ill 
per 24 hours. ]

Reject Pebbles 
Tons per mill 
per 24 hours.

Scrap Steel 
L b . per mill 

per  24 hours.

38-8 — — — .—

37-5 — — — —

39-6 — — — —

_ 35-2 _ 7-2 1149
— 36-4 — 6-7 936
— 39-2 — 7-8 1013
— — 34-4 11-7 764
— — 31-7 9-0 512

T a b l e  E  : C o s t s .

32-3 

Combined Sorting

8-8 621

Tube M illing. and Crushing and Total Reduction
Sorting and Shillings per Tube M illing. Costs.

Crushing. ton. Shillings per ton. Shillings per ton.

0-473 1-371 1-844 3-020
0-583 1-430 2-013 3-184
0-570 1-567 2-137 3-274
0-542 1-456 1-998 3-159

0-400 1-434 1-834 3-101
0-466 1-459 1-925 3-137
0-398 1-424 1-822 3-010
0-421 1-439 1-860 3-082

0-405 1-441 1-846 3-031
0-387 1-390 1-777 2-944
0-402 1-442 1-844 2-822
0-398 1-424 1-822 2-934
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T abulated sta tem en ts of com parative  results 
are given. I t  will be noted  th a t  a  period of th ree  
m onths is dealt w ith  in  each case. The figures 
relating to  th e  single stage tu b e  m illing are for 
th e  las t th ree  m onths th a t  th is  p a rticu la r flow 
sheet was in operation. Those re la ting  to  the  
flow sheet when 10 p rim ary  and  2 secondary 
tube  mills were operated  are also for th e  la s t th ree  
m onths th a t  th is  flow sheet was in  operation , 
whilst th e  la s t se t of figures cover th e  period of 
the  first th ree  m onths th a t  9 p rim ary  and 
3 secondary tube  m ills were used.

Table “ A ” gives th e  details of runn ing  tim e, 
tonnage crushed, production  of —  90 m esh and
—  200 mesh product, and  pow er consum ed. I t  
is interesting  to  note th e  appreciable increase 
of tons of — 200 m esh product p er tube  m ill per 
24 hours under double stage tu b e  m illing con
ditions, as com pared w ith  single stage tu b e  milling, 
and the  slight b u t definite im provem ent in  power 
consum ption per to n  of — 200 product. As th e  
production of —  200 m ate ria l is to  a  g reat ex ten t 
the  m ost im p o rtan t factor in  determ ining th e  
extraction of th e  gold con ten t of th e  ores in th e  
mines dealt w ith in  th is  paper, only th e  percentage 
of — 200 m esh produced is given in  th e  grading 
of the  final pulp. The pow er consum ed is given in 
kilow att hours per to n  of ore crushed, per to n  of
— 90 mesh m aterial produced, and  also p er ton  of
— 200 m esh m ateria l produced. The k ilow att 
hours thus recorded are  th e  power in p u t to  th e  tube  
mill motors. As th ey  are m etered a t  th e  d istrib u 
tion sub-station, th ey  therefore  include th e  cable

transm ission  losses, an d  also th e  m otor and  tu b e  
m ill gearing losses.

Table “  B ” deals w ith  assay  values of heads 
an d  tails. In  th is  connexion th e  increase in  th e  
theore tical ex traction  in  sp ite  of th e  drop in  th e  
original value is notew orthy. F u rth e r, th e  very  
considerable increase in  th e  gold con ten t of th e  
+  90 m esh m ate ria l u nder double stage tu b e  
m illing, and  th e  fact th a t  th e  residual value of 
th is  p roduct is sligh tly  lower in  spite  of th e  h igher 
value is also of in te res t. The decrease in  th e  
residual values of th e  -f  200 and  —  200 products 
is also appreciable.

Table “ C ” deals w ith  th e  gradings of overflow 
from  th e  p rim ary  c lassifiers; th e  feed to  th e  
regrinding tu b e  mills, and  th e  discharge from these 
mills.

Table "  D ” gives deta ils  of grinding 
m edia fed to  bo th  th e  p rim ary  and  regrinding 
mills.

Table “  E  ” gives th e  costs for sorting  and  
crushing, tu b e  m illing, and  th e  to ta l reduction  
costs.

The outcom e of th e  application  of th e  m ethods 
of stage tu b e  m illing and  “  selective ” grinding 
as described in  th e  foregoing pap er m ay  be briefly 
sum m arized as follows :—

(1) An increased m illing capacity  a t  a p ro 
p ortiona tely  lower cost due to  a  5%  increased 
o u tp u t p e r tu b e  a t  sligh tly  reduced pow er 
consum ption.

(2) An increased recovery of 7'45 pence p er ton  
of ore trea ted .

T H E  G E O L O G Y  O F  N O R T H E R N  R H O D E S IA
(iContinued from  the January issue, p . 47.)

G e o l o g y  o f  t h e  B w a n a  M ’K u b w a  M i n e .— The 
mine th a t bears th is nam e is s ituated  on th e  railway, 
116 miles north  of B roken H ill in  la titu d e  13°S., 
with longitude 28° 45 'E ., and a t an  elevation  of 
4,395 ft. above sea-level. I t  was worked p rio r to  
the advent of th e  w hite m an in  N orthern  Rhodesia. 
When discovered, th e  richest central portion  of the 
deposit was p itted  w ith  ancient excavations, and 
since th en  fragm ents of p o tte ry  and tw o round, flat 
stones, each pierced w ith  a cen tral hole, have been 
found buried in  th e  detritu s. These ancient 
workings were directed tow ards th e  rem oval of the  
rich m alachite th a t  occupied th e  upper portion  of 
what is now known as the  "  Central L ode.” In  1902 
the mine was pegged in  th e  nam e of th e  Rhodesia 
Copper Co., and w ork was sta rted  in  1903. By the 
end of 1903 four shafts had  been sunk along the 
line of outcrop. The 250 ft. level was reached w ith 
out encountering w ater. In  1905 th e  p roperty  
was shu t down to  aw ait th e  coming of th e  railw ay 
which, a t  th a t tim e, had  only reached Broken 
Hill. W ork was resum ed in  1909, a t  th e  end of 
which year th e  railw ay arrived.

U ntil 1910, when th e  Bwana M 'K ubw a Copper 
Mining Co. was form ed to  tak e  over the  property , 
only developm ent w ork had been done, No. 3 Shaft 
having reached a dep th  of 350 ft. A t th e  end of 
1911 th is shaft had  reached its  p resen t d ep th  of 
520 ft. In  1912 a 90-ton concentra to r was erected 
to  tre a t high-grade ore stoped from  th e  Central 
Lode. This m ill was operated  from  Jan u ary , 1913, 
until Septem ber, 1914, when operations were 
suspended because of th e  sudden drop in th e  price 
of copper a t  th e  ou tbreak  of th e  G reat W ar. 
O perations were resum ed from June, 1916, to  th e

end of M arch, 1918. D uring  these tw o periods of 
a c tiv ity  th e  m ill tre a te d  69,374 long tons of crude 
ore assaying 10% copper as hoisted and before 
w aste was sorted  out. The concentrates were 
usually  sen t to  th e  Falcon sm elter in  Southern 
Rhodesia, b u t during th e  w ar a  certain  tonnage 
was sh ipped to  England.

B y th e  above m ethods copper could only be 
produced w ith  profit when the  m arket price was 
abnorm ally high. I t  was early  in  February , 1922, 
th a t  a new com pany was form ed to  acquire th e  assets 
of its  predecessor, whose nam e is re ta ined . The 
present open-cut m ethod of m ining by  steam  
shovels was in itia ted  by  P. K. H om er in  1924, 
coincident w ith  th e  beginning of th e  construction 
of th e  present p lan t for trea tin g  the  ores. Since 
com pletion in  April, 1926, th e  p lan t has undergone 
several im p o rtan t modifications, and is now trea tin g  
about 1,000 tons of ore per day carrying an  average 
of from 3 to  4%  copper. T he shovel p i t  is approx i
m ate ly  in  th e  centre of th e  a rea  of 64 square 
miles w ith in  which th e  m ining rights a re  owned by 
th e  com pany. According to  p resen t plan, th is  
open-cut is to  be carried down to  w a ter level, a 
d ep th  of 270 ft.

General Geology.—The m ineral area  of 64 square 
miles lies on th e  south-w estern lim b of a broad 
synclinal basin which is occupied by  th e  B wana 
M 'K ubw a Series of copper-bearing rocks. S triking 
from  south-east to  north-w est, th is  basin has been 
proved to  have a leng th  of over 75 miles, and  has 
recen tly  come to  be known as th e  M ufulira syncline. 
A t Bwana M’K ubw a th e  rocks w ith in  th e  b road 
basin have been folded, and th e  mine is situ a ted  on 
th e  south-w estern  and vertical lim b of a subsidiary
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syncline which is know n to  have a w id th  of a t  least 
a mile. The nose of th is  syncline lies ab ou t 2-7 miles 
so u th -east Of th e  open p it.

The kopje, ab ou t 2,000 ft. in  length , on which 
th e  m ine is situ a ted  owes its  existence to  a  group 
of dense w hite  q u a rtz ite  beds w hich a re  locally 
know n as "  th e  foot-wall q u a rtz ite ."  In  p a r t, for 
a  thickness of 45 ft., th ey  average 98% S i0 2. These 
qu a rtz ite s  and  th e  overlying beds, including those 
contain ing th e  ore, s tr ik e  N.70°W , paralle l to  th e  
leng th  of th e  p it, and  dip vertically . T ow ards th e  
sou th -easte rn  end of th e  p it, th e ir  dip is slightly  
overtu rned . A t dep ths of 300 to  700 ft., however, 
these  s tra ta  are  dipping s teep ly  to w ard  th e  n o r th 
east, th u s  form ing th e  steep  and slightly  o vertu rned  
sou th-w estern  lim b of th e  syncline a lready  
referred  to.

W hen facing th e  p it  in  fro n t of th e  m ine office, 
th e  vertical beds of th e  foot-wall q u a rtz ite , traversed  
b y  m any  jo in ts, form  an  a b ru p t wall on th e  opposite 
side, while a t  d ep th  th ey  are d ipping steep ly  tow ards 
th e  observer. Below th e  foot-w all q u artz ite s  is 
an  a t  p resen t unknow n th ickness of felspathic 
sandstones and  q u artz ite s, including tw o, and  
possibly th ree , beds of conglom erate and a few th in  
layers of shale w hich togeth e r com prise th e  basal 
beds of th e  B w ana M’K ubw a Series in  th is  locality.

Above th e  foot-wall q u a rtz ite s  th e re  follow in 
-sequence :

(1) Sandstones or quartz ites, 15 ft. th ic k , which 
a t  d ep th  are slightly  dolom itic, b u t from  th e  surface 
dow nw ards for a few hundred  feet have w eathered  
in to  loose sand.

(2) D a rk  grey felspathic qu artz ite s exh ib iting  
characteris tic  sca ttered  grains of glassy quartz . 
T hese m ineralized beds, up  to  ab ou t 60 ft. in  w idth, 
com prise w h a t is know n as th e  “ foot-wall 
o re-body.” T he d a rk  colour of th e  rock is due to  
th e  presence of carbonaceous m atte r . The u p p er
m ost 10 to  15 ft. in  th ickness of these  beds are 
som ew hat ligh ter in  colour, and  e ith e r carry  only 
low copper values or are barren .

(3) An im pure  banded  dolom ite, averaging 
10 to  15 ft. in  thickness, and  m uch decomposed 
to  a dep th  in excess of 500 ft. These beds are known 
as th e  "  cen tral lode,” and  th ey  yielded th e  high- 
grade ore which was stoped o u t during  th e  early  
h isto ry  of th e  m ine. Because of th e ir  re la tive  
so lubility , which rendered th em  porous and  open, 
th ey  form ed a very  ready  channel for th e  descent 
of oxygen-bearing w aters from  th e  surface, which 
p layed an  im p o rtan t p a r t  in  th e  re-arrangem en t 
of p rim ary  copper values to  th e  developm ent of 
th e  ore-bodies as th ey  are  now known. To th e  w est 
of th e  shovel p it, th is  dolom ite ap p aren tly  becomes 
m ore sandy  and  grades in to  a  sandstone.

(4) Q uartzites of ligh t to  in te rm ed iate  grey 
co lo u r/w h ich  for a tru e  th ickness th a t  varies from  
ab o u t 25 to  50 ft., a re  m ineralized and  are  know n 
as th e  “  hanging wall o re-body.” A t d ep th  th e  
lower 8 or 10 ft. of these quartz ites, resting  on th e  
cen tra l lode dolom ite, are qu ite  barren .

(5) L igh t to  d a rk  grey  felspath ic q uartz ites, 
including a few beds of argillaceous sandstones, which 
have  a to ta l  tru e  th ickness of ab o u t 160 ft. In  
places these  include tw o o th er hanging wall ore- 
bodies m ore or less len ticu lar and  irregu lar in  w idth. 
T he foot-walls of these  bodies a re  ab o u t 45 ft. and 
100 ft. respectively  above th e  top  of th e  hanging 
wall ore-body. Locally, th e  lower a tta in s  25 ft. 
in  tru e  w idth , and  th e  u p p er ab ou t 10 ft.

(6) An a t  presen t unknow n thickness of m icaceous

and  talcose schists (originally shales) w ith  some 
in te rca la ted  beds of felspathic q u a rtz ite . These 
soft m icaceous schists o r shales occupy th e  north 
eas te rn  p a r t  of th e  shovel p it.

As th e  so u th -eas tern  end of th e  open-cut is 
approached, th e  s trik e  of th e  beds tu rn s  quite 
sharp ly  tow ards th e  sou th-east. The underground 
w orkings have n o t been accessible for some years, 
b u t those in  charge w hen th e  w ork  was done were 
of th e  opinion th a t  fau lting  had  tak e n  place a t  this 
bend of th e  s tra ta . W h eth er a fau lt or m erely a 
k ink  in  th e  strik e , or possibly bo th , there  seems 
no d oub t th a t  th is  s tru c tu re  was developed prior 
to  m ineralization  and  has p layed an  im p o rtan t part 
in  ad m ittin g  th e  m ineralizing solutions which 
developed th e  ore-bodies. A d jacen t to  th is bend 
th e  ore-bodies are re la tiv e ly  w ide and  high-grade, 
while tow ards and  beyond th e  w estern  end of the 
open-cut th e y  te rm in a te  by  fraying ou t and 
tapering .

From  th e  surface to  th e  p resen t ground-water 
level, a t  a d e p th  of 270 ft., th e  ore-bodies carry 
th e ir  copper values chiefly in  th e  form  of malachite, 
w ith  valuable p roportions of chrysocolla, cuprite, 
and  tenorite . G rains of d ioptase a re  of rare 
occurrence. Occasionally on jo in ts, bedding places, 
and w ith in  d rusy  cavities sm all crystals of th e  dark 
blue copper phosphate, co rnetite , have  been found. 
This m ineral is said  to  have been  first recognized 
as a d is tin c t species b y  M. J . C om et in th e  “ Etoile 
du  Congo ” copper m ine in  th e  Belgian Congo. 
Oxides of iron an d  of m anganese, chiefly as hematite, 
lim onite, pyrolusite , and  psilom elane, are of common 
occurrence and  blend in  v e ry  in tim a te  mixtures, 
especially w ith  th e  copper oxides, cuprite 
and  tenorite .

How far oxide copper m inerals ex ten d  below the 
p resen t w a ter-tab le  is, as y e t, unknow n. Some of 
th e  s tra ta  w ith in  these  ore-bodies have been much 
m ore porous th a n  o thers, while some, because of 
th e ir  fine-grained te x tu re  and  m ineralogical com
position, have been re la tive ly  re sis tan t to  weathering 
processes. M oreover, th e re  is no d o u b t th a t  in the 
recen t p ast th is  cou n try  was considerably  more arid 
th a n  now, and  th e  w a te r-tab le  th en  stood a t a 
lower level. I t  is no w onder, th ere fo re , th a t  there is 
no sharp  line of dem arca tion  betw een  th e  zone in 
w hich th e  copper values a re  in  th e  form  of oxides, 
carbonate , silicate, and  p hosphate , and the 
underlying zone w here th ey  occur as sulphides.

T he sulphides here p resen t are chalcocite, bornite, 
covellite, chalcopyrite, and  p y rite . In  th e  foot-wall 
q uartz ites, th e  densest, h a rd es t s tra ta  exposed in 
th e  p it, a  few widely sca tte red  grains of chalcopyrite 
m ay be found w ith in  a few feet of th e  surface. In 
some of th e  denser s tra ta  w ith in  th e  ore-bodies 
them selves, nests of irregu lar pa tch es of chalcocite, 
born ite , and  covellite a re  q u ite  frequently 
encountered  in  th e  shovel p it. On th e  o ther hand, 
w ith in  th e  m ore porous and  easily  decomposed 
beds, m alach ite  and  o th e r oxide copper minerals 
a re  know n to  p redom inate  to  d ep th s in  excess of 
500 ft. The resu lt of a  recen t d iam ond-drill hole 
w hich passed successively th ro u g h  four ore-bodies 
will suffice to  illu stra te  th e  ch arac te r of the 
m ineralization. A t dep th s of 250 to  290 ft. this 
hole passed th ro u g h  one of th e  su b o rd in a te  hanging 
wall ore-bodies w hich occurs in  fairly  dense 
q u a rtz ite  ; w ith  a  tru e  w id th  25 ft., th is  ore-body 
averaged 5-21% copper, of w hich 4-04% is present 
in  th e  form  of chalcocite and  bo rn ite  and  th e  other
1-17% as oxide copper m inerals. F rom  405 to
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483 ft. in depth , th is hole passed th rough  th e  hanging 
wall ore-body, which occurs w ith in  rocks less dense 
and more readily  w eathered  ; w ith  a  tru e  w idth  
of 33 ft. th is ore-body averaged 3-58% copper, of 
which only 1-32% occurs as d issem inated chalcocite 
and the  o ther 2-36% as oxide copper minerals. 
From  518 ft. to  529 ft. th e  m uch decomposed 
dolomite of the  central lode was encountered, which, 
with a tru e  w idth  of 5 ft., averaged 4-52% copper, 
of which 4-11% is in  th e  form  of m alachite  and 
copper oxides. From  549 to  569 ft., th e  foot-wall 
ore-body was traversed , which, w ith  a tru e  w idth  
of only 8 ft., carried 2-56% copper, of which 2-46% 
occurs as bornite , chalcopyrite, and chalcocite, 
and 0-10% as m alachite. From  a w id th  of 60 ft. in 
the  shovel p it, th is  foot-wall ore-body has decreased 
with depth  to  8 ft. in  w idth, no t because the  w idth 
of the m ineralized beds has dim inished, b u t because 
disseminated secondary bornite  and chalcocite 
have given w ay to  scattered  grains of p rim ary  
chalcopyrite and pyrite .

T h e  N 'C h a n g a  M i n e .— A bout 4,300 ft. above 
sea-level, N 'Changa is 94 miles by  m otor road n o rth 
west from N 'D ola or 17 miles south  by  road from 
Tchinsenda, the  nearest railw ay sta tion , w'hich lies 
a few hundred yards w ith in  th e  Belgian Congo. The 
N ’Changa Copper Mines, L td ., here own a 
rectangular area, 3 miles in leng th  and 1J miles in 
width, w ith its  longer ax is tren d in g  approxim ately  
east and west. A small stream , 6 ft. or less in  w idth  
and bordered by  a grassy .savannah or "  dam bo ” 
up to  2,000 ft. wide, crosses th e  central portion  of 
the area in a north -easterly  direction.

General Geology.— More th an  three-fourths of 
this area of 4-5 square miles is occupied by  a synclinal 
basin of sedim entary  rocks belonging to  th e  B w ana 
M 'Kubwa C opper-bearing Series. The nose of th is 
syncline lies in th e  v icin ity  of Luano, a few miles 
to the eastw ard. V arying from 6,000 to  8,000 ft. in 
width, the  synclinal s tru c tu re  is in rea lity  a  lobe 
which protrudes tow ard th e  east from an extensive 
basin underlain by  these rocks, which lies to  the  
west of the N 'C hanga area  and  th e  boundaries of 
which are now being delim ited for th e  first tim e. 
For example, recent m apping has shown th a t  from 
the v icin ity  of th e  north-w estern  corner of the  
N'Changa m ineral area, th e  n o rtherly  lim b of the  
“ N'Changa syncline,” tu rn in g  first north-w est and 
thence north, has been traced  for over 4-5 miles. 
W ithin th is distance low copper values have been 
found a t the  surface a t  several points w ithin favour
able beds.

In  the  north -eastern  corner of th e  N 'C hanga 
mineral area, th e  sedim entary  rocks of th e  B wana 
M’Kubwa Series are resting  unconform ably on 
para-gneisses which, presum ably, belong to  the  Base
m ent Schists. To th e  southw ard, th e  country  rises 
gradually to  an  area of several hundred square miles, 
which is underlain  by a ba th o lith  of m assive, p ink  
to  reddish, granite. The n o rthern  p eriphery  of 
this body of gran ite , which is believed to  be in trusive 
in to  the  B wana M’K ubw a C opper-bearing Series of 
rocks, transgresses th e  sou thern  boundary  of th e  
N ’Changa area. In  places, a few sca ttered  grains 
of chalcopyrite have been observed on fresh fractures 
of th e  gran ite  w ith in  a few inches of th e  surface. 
Small dykes and stringers of pegm atite  and  veins 
of quartz, sim ilar to  those which locally cu t th is  
granite, frequently  traverse  th e  best m ineralized 
portions of th e  ore-bearing beds w ithin th e  N ’Changa 
syncline.

The northern  and  southern lim bs of th e  syncline

are locally referred  to  as th e  "  R iv er Lode ” and  th e  
"  D am bo Lode ” respectively . On th e  R iv er Lode 
side, th e  dips are steep  to  vertical, and  in  places 
are overtu rned . Along th e  D am bo Lode lim b, th e  
dips average 25° to  30°. I t  was in 1923 th a t  traces 
of copper were first found by prospectors of th e  
R hodesian Congo B order Concession w ith in  a small 
outcrop on th e  R iv er Lode side of th e  syncline. 
I t  was tow ards th e  close of 1924 th a t  tren ch in g  
and  potholing located copper-bearing s tra ta  on th e  
Dam bo Lode lim b. Since then , diam ond-drilling, 
corroborated by  prelim inary  m ining operations, 
have revealed th e  presence of large tonnages of ore 
in  which th e  copper values are, in  m ajor p a r t, in 
th e  form  of "  oxide ” copper m inerals and  th e  
rem ainder as sulphides.

W ith in  th is area  th e  B w ana M’K ubw a Series 
includes th e  following sequence of s tra ta  :—

(1) A t th e  base of th e  series on th e  R iv er Lode 
lim b there  is 1,500 ft. or m ore in th ickness of m uch 
a ltered  felspathic sandstones or arkose, some beds 
of which contain  an  abundance of pebbles and 
boulders. These conglom eratic beds ap paren tly  
have no equ ivalen t a t  th e  base of th e  series on th e  
D am bo Lode limb.

(2) Basal felspathic sandstones and  quartz ites, 
known to  v a ry  from 225 to  500 ft. in thickness.

(3) Sandy micaceous shales or b io tite  schists 
and a few in terca lated  beds of sandstone, w ith  a 
to ta l thickness of abou t 80 ft. On th e  R iv er Lode 
side, tow ards th e  top  of th is  group of s tra ta , a t  
least for considerable distances along th e  s trike , is a 
bed of conglom erate a few feet in  th ickness.

(4) Lower banded shales, vary ing  from 20 to  80 ft. 
in  thickness.

(5) Sandstones and  quartz ites w ith  in te rca lated  
layers of micaceous schists or shales, from 25 to  
85 ft. in  thickness.

(6) Felspath ic qu artz ite s varying from 40 to  
75 ft. in  thickness.

(7) U pper banded shales, up  to  70 ft. th ick .
(8) Dolom itic schists which tow ards th e ir  top  

include some layers of sandstones and micaceous 
shales, w ith  a to ta l thickness in  excess of 1,000 ft.

M any of the  s tra ta  w ith in  th e  N 'C hanga syncline 
are sa tu ra ted  w ith  w ater. Several of th e  diam ond- 
drill holes have encountered heavy flows of artesian  
w ater.

The Ore-Bodies.—The “ ore-bearing horizon ” 
along th e  R iv er Lode lim b involves (4) th e  lower 
banded shales w ith  (3) th e  underlying b io tite  
schists which include a few beds of sandstones. 
W h at are believed to  be these sam e beds, or th e ir  
equivalent, on th e  D am bo Lode lim b have proved 
to  be barren .

I t  is th e  felspathic q u artz ites (6) which, on th e  
Dam bo Lode side of th e  syncline, are m ost uniform ly 
m ineralized to  commercial grade. H ere also th e  
lower portions of th e  upper banded  shales (7) are 
qu ite  universally  copper-bearing, and  in  m any places 
im p o rtan t thicknesses of th e  sandstones, quartz ites, 
and in terbedded  schists (5) im m ediately  underlying 
the  felspathic quartz ites are m ineralized.

On th e  R iver Lode lim b, w ith in  a leng th  of strike  
characterized  by  subsid iary  folding of th e  s tra ta  
and  local crum pling of th e  lower banded shales and 
underly ing  b io tite  schists, an  ore-body, w ith  a 
m axim um  w id th  of 125 ft. an d  a len g th  of ab ou t
1,000 ft. has been proved by th ree  levels, established 
a t  dep ths of 50 ft., 150 ft., an d  300 ft. On th e  50 ft. 
level th ere  has been some leaching of copper values, 
and  yet, w ith  an  average w id th  of 69 ft., th e  ore-
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body  here carries 3-31 % copper chiefly in th e  form  of 
“ oxide ” copper m inerals and  w ith  v ery  little  
sulphide. On th e  150 ft. level, chalcocite, born ite , 
and  chalcopyrite  a re  m ore in  evidence, and  th e  
ore-body, w ith  an  average w id th  of ab o u t 70 ft., 
carries betw een 4-5 and  5% of copper. On th e  300 ft. 
level th e  average w id th  of ab o u t 70 ft. is m ain tained , 
w ith  an  average co n ten t of betw een  4 and  4-5% 
copper, of which only  a frac tion  of 1 % is in  th e  form  
of "  oxide ” copper m inerals. R ecently , tw o in 
clined diam ond-drill holes from  th e  300 ft. 
level show th a t  th e  average copper co n ten t does 
n o t d im inish  to  a v ertica l d ep th  of 600 ft. from  th e  
surface. The deeper of these holes, inclined 54°, 
p e n e tra te d  ore from  305 ft. to  395 ft. in  dep th , 
averag ing  4-79% to ta l copper, of w hich 4-65% 
is in  th e  form  of sulphides, chalcocite, born ite , 
and  chalcopyrite. Shaft No. 9, su n k  w ith in  th e  
m assive beds of th e  footwall felspath ic sandstones, 
gives access to  th e  300 ft. level. F rom  th is  sh a ft 
i t  is ap p rox im ate ly  275 ft. to  th e  foot-wall of th e  
lode. The m ineralized beds are here b io tite  schists 
(w ith an  included bed of conglom erate), and  th e  
lower banded shales w ith  dips th a t  are p ractica lly  
v ertical, b u t in  places a re  sligh tly  o v ertu rned .

Along th e  D am bo Lode lim b of th e  syncline 
exp loration  to  Jan u a ry , 1929, has resu lted  in  th e  
d iscovery  of tw o  ore-bodies, each of w hich occupy 
areas w ith in  which im p o rtan t drag-folding was 
developed w ith in  th e  ore-bearing  beds p rio r to  
th e ir  m ineralization . In  th e  cen tra l sou thern  po r
tio n  of th e  area, one of these  ore-bodies, know n as 
th e  "  D am bo L ode,” w ith  a  m axim um  know n leng th  
of ab o u t 2,500 ft. along th e  s trik e , has been proved 
b y  d rilling  to  a  v e rtica l d ep th  of 870 ft. W ith  an  
average d ip  of 25°, and  a tru e  th ickness of abou t

50 ft., th is  ore-body averages 3-74% copper, of 
w hich ab o u t 1-30% is in  th e  form  of su lph ides and 
2-44% as “ o x id e ” copper m inerals, chiefly m ala
chite  an d  azurite , w ith  sm all am oun ts of chrysocolla, 
cuprite , and  ten o rite . B etw een vertica l dep ths of 
795 and  820 ft., one of th e  deepest d rill holes pene
t ra te d  ore carry ing  2-2% copper, of w hich 1-8% is 
in th e  form  of sulphides. A n o th er d rill hole 
trav e rsin g  th e  o re-bearing  beds a t  a vertical 
d e p th  of from 935 to  1,040 ft., found th em  to  carry 
less th a n  1% of copper as sparsely  d issem inated 
chalcopyrite. To check up d rilling  results on the 
“  D am bo L ode,” an d  to  p rov ide bulk  sam ples of 
th e  ore for m etallurgical tes ts , tw o inclined  shafts 
followed th e  ore horizon dow nw ard for 600 ft., 
an d  a t  th is  d ep th  a level was developed.

W estw ard  from  th e  D am bo Lode some trench ing  
and  po tholing  done in 1924 located  copper values 
in  felspath ic q u artz ite . In  th e  ill-founded belief 
th a t  th is  occurrence, w hich has come to  be known 
locally as th e  “  New D iscovery ,” was m erely  a loose 
boulder of ore, no  fu r th e r  w ork was th en  done. 
D uring  1928 diam ond-drilling  has been progressing 
in  th is  a rea . To Ja n u a ry , 1929, an  ore-body with 
a len g th  of a t  least 6,500 ft. along th e  s trik e  has 
been proved  to  a  d ep th  of over 800 ft. This ore- 
body has been shown to ex ten d  for 1,500 ft, or more 
across th e  w estern  b o undary  of th e  N 'C hanga mineral 
a rea  in to  ground held by  th e  R hodesian  Congo 
B order Concession, L td . Seven diam ond-drill 
holes have  show n th e  ore-body to  have an  average 
tru e  w id th  of 85 to  90 ft., w ith  an  average copper 
co n ten t of 3-51%, of w hich 0-77% is in  th e  form of 
sulphides. F rom  735 to  830 ft. in  vertica l depth, 
th e  deepest of these  holes p en e tra ted  ore averaging
2-93% copper, of w hich 0-58% occurs as sulphides.

( To be concluded.)

B U C K E T  D R E D G E  P R A C T IC E  IN M A L A Y A
A second p ap er for discussion a t  th e  D ecem ber 

m eeting  of th e  In s ti tu tio n  was by  E . J . V allentine , 
who gave some no tes on M alayan b u ck et 
dredges. The discussion on th e  evening of 
p resen ta tion  m ain ly  cen tred  on th e  question  of 
su c tio n -cu tte r versus bucket. A sum m ary  of Mr. 
V a llen tin e ’s pap er is given here.

T he a u th o r says th a t  th e  Cooley ty p e  of jig  
is now generally  accepted as h av in g  su p p lan ted  
th e  sluice-box for tin -o re  recovery  on dredges 
w here e ith e r m ethod  of tre a tm e n t m ight be adopted .

On m an y  dredges th e  bow or digging end can 
overload th e  s te rn  or tre a tm e n t end  a t  will, w hereas 
th e  reverse  is m uch m ore desirable. I t  is h a rd  to  
find a  dredge w here th e  stoppage of one roughing 
jig  does n o t cause an  appreciab le  loss in  recovery  
due to  overloading th e  o thers. Two roughing jigs 
m ore th an  are estim a ted  to  be sufficient should be 
provided. T he cost of these  jigs and  th e  e x tra  few 
feet of deck space, w ith  a n o th e r  foot of h e ig h t for 
th e  top  tum bler, does n o t en ta il m uch ou tlay , and  
th e  o p erato r could dig to  full capac ity  w ith  th e  
assurance th a t  he  was still g e ttin g  a  full recovery  
of tin -o re .

R egarding clean-up j igs i t  is preferable to  have two, 
in  o rder th a t  concen tra tes from  th e  lower h u tch  
or hu tches can be freely re tu rn ed  and  tre a te d  again 
w ith o u t an y  risk  of overloading. T he e x tra  jig  
justifies itself w hen rich  ground is being  trea ted .

Some designers favour ra is in g  th e  to p  tum bler, 
th e  screen, an d  th e  roughing  jigs, h igh  enough to 
p rov ide  a  g ra v ity  flow of co n cen tra tes  from  the 
roughing to  th e  c lean-up  jigs. T h is  adds con
siderab ly  to  th e  cost of th e  dredge, b u t i t  has the 
ad v an tag e  th a t  th e  ta ilin g s  launders a re  so high 
above pond-level th a t  th e  disposal of tre a te d  ground 
is m ade easy. T he m in im um  h e ig h t above deck- 
level a t  w hich th e  to p  tu m b le r can  be placed, so 
th a t  th e  ta ilin g s discharge is still h igh enough for 
adeq u a te  disposal, is a m ost im p o rta n t factor in 
lessening th e  cost of a  dredge. T herefore  a design 
which provides a pum p o r o th e r  m eans of elevating 
co ncen tra tes from  th e  roughing  to  th e  clean-up 
jigs is p ro b ab ly  chosen. F re n ie r  pum ps, although 
th ey  occupy a  large deck space an d  have a  relatively 
sm all capacity , seem  to  be well a d ap ted  for this 
p a rticu la r  purpose.

Cooley jigs req u ire  beds of "  ragg ing  ” on top 
of th e  screens. Some au th o ritie s  say  th e  ragging 
should be of th e  sam e specific g ra v ity  as th e  mineral 
which has to  be saved. A ragg ing  bed m ade up of 
sized partic les of tin -o re , how ever, is n o t satis
factory . H ard  h aem atite  m akes a  su itab le  ragging 
bed, w hich tra p s  and  passes dow n th e  tin -o re  and 
associated m inerals w hilst sh u ttin g  o u t th e  lighter 
sands once th e  correc t p lu n g er s tro k e  an d  speed 
have  been d e term ined . W hen s ta r tin g  up  a new 
jig  dredge, several to n s of h a em atite  all b roken  up
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in to  pieces from  g in . to  ^  in . in  d iam eter, are 
required. The in itia l o rder should n o t be less th an  
50 lb. p e r  sq. ft. of screen area. A p re lim in ary  
trea tm e n t of " r u m b l in g "  should be given for a t  
least tw o hours, in  a cy linder abou t 4 ft. in d iam eter, 
revolving a t  ab ou t 25 rev . pe r m in., w hich rounds 
the  corners off th e  particles and  ensures an  efficient 
bed from  th e  s ta rt. The bed is usually  m ade abou t 
2J in . deep and  is k ep t in position by  cross-bars in 
th e  fram e which holds down th e  screen. Selected 
round particles, all of w hich should pass th rough  
a  § in . sieve, are used for form ing th e  bed of a 
clean-up jig. A bout 34 lb. of sized ragging p e r sq. 
ft. of screen area  a re  required.

I t  is custom ary to  speed roughing jigs a t  abou t 
110 rev. p e r m in ., and  clean-up jigs a t  190 rev. per 
min., th e  lengths of stroke  being th en  ad justed  to  
give the  best service. W here roughing jigs are 
heavily loaded th e  speed can be increased to  
advantage. A fter m aking an  a lte ra tio n  to  th e  stroke 
i t  takes a jig  considerable tim e to  se ttle  down and 
stabilize its  operation .

Much discussion has tak e n  place ab ou t th e  ty p e  
of screen th a t  should be used. H ow ever, i t  is now 
being realized th a t  th e  ragging bed is th e  m ost 
im portan t factor, and  th a t  th e  function  of th e  screen 
is to support th e  ragging while con tain ing  sufficient 
apertures to  le t th e  pulse come th rough  freely and 
the  trapped  tin -ore  to  pass down to  th e  hutch. 
A common size of screen ap ertu re  is \  in . by  J in. 
Some coarse ore which m ay be re ta in ed  on th e  screen 
will be periodically  cleaned ou t of th e  ragging. 
The screening on th e  roughing and clean-up jigs 
should usually have th e  sam e size of apertu re. 
Crimped wire m esh of, say, 12 S.W.G. gives a 
larger percentage of apertu re  th a n  punched steel 
plate, w ith  equally good w ear and  stiffness against 
“ b reath ing ,” b u t th e  punched p la te  is more 
commonly used.

Roughing jigs have e ith e r th ree  or four cells or 
com partm ents, each of which has a separate  screen, 
plunger, and  hutch. The cells are generally  3 ft. 
wide b y  4 ft. in  leng th , b u t th e  screens are n o t 
arranged in horizontal steps, as th e  jig-bed is given 
one continuous slope of 1 in 16 th roughou t its 
length. The dredge ty p e  of Cooley jig  is therefore 
somewhat d ifferent from  its  dry-land p a ren t, and is 
really a form  of a sluice-box w ith  a pulsing action  
and a porous bottom . T hree cells a re  enough if 
the  jig  is carefully adjusted , b u t clean-up jigs should 
have a t  least four cells so as to  safeguard  against 
loss. N ot only  th e  tin -o re  b u t th e  b lack sand is 
sen t ashore for final trea tm en t. W here th ere  is 
much black sand  a  m agnetic  sep ara to r in  th e  
dressing shed is advisable. Passing th e  ore through 
v ib rating  or shaking screens so as to  give th ree  
grades (coarse, m edium , and  fine) m akes it  much 
easier to  dress afterw ards.

W ith  regard to  o th er dredge details, th e  m ain 
gear is usually d riven  by a pulley on th e  first m otion 
shaft, which is engaged by  a friction  clutch. I t  is 
an im p o rtan t u n it, w hich is subjected  to  sudden 
stra ins and  which should have an  am ple m argin 
of safety. A double drive th rough  gear wheels on 
both ends of th e  top  tum bler-shaft is now stan d ard  
practice on all large dredges. W ith  careful fitting  
th e  load is equally  d istribu ted .

B uilt-up tum blers, screen ro ller pa ths, and  so 
on, have been introduced, b u t m any  of th em  cause 
more loss of ru n n in g  tim e th an  can be offset by  
any  saving in  m aterial. A reversion to  sim plicity  
has se t in , however, and  solid bo ttom  tum blers,

ladder rollers, and  screen ro ller pa th s are becom ing 
m ore common. I t  is tru e  th a t  th e  top  tum bler, 
which is established as a hexagonal cast steel boss 
w ith  m anganese steel w earing p lates on tread  and  
flanges, is of a s tan d ard  ty p e  which has been proved 
to  give sa tisfac to ry  service. B ottom  tum blers are 
now  in v ariab ly  circular. B ritish  founders seem 
re lu c tan t to  cast one of solid m anganese steel, bu t 
will supply  one of high-carbon steel, w ith  m anganese 
steel w earing p lates. W earing p lates on th e  tread  
are  generally  unsatisfactory , as th ey  elongate 
and  b reak  th e ir  fastenings. A solid high-carbon 
steel trea d  3 in . or m ore in th ickness should give 
a  reasonable period of service before i t  wears too 
th in . The w earing p la tes on th e  flanges usually 
give little  trouble. They should be riv e ted  on, n o t 
bolted. However, a solid m anganese steel bo ttom  
tu m b le r which would give several years of service 
w ith  a  m inim um  am ount of a tte n tio n  would be 
welcomed.

A lthough M alayan dredging ground is generally 
easy to  dig, i t  con tains a large p roportion  of hard  
sharp  sand, an d  th e  bo ttom  tum bler bearings 
therefore requ ire  to  be p ro tec ted  by  strong, well- 
packed glands w ith  no  pro jecting  outside p a rts  
which m ight be displaced by  a  knock from  a piece 
of tim ber. This p o in t has n o t received sufficient 
a tten tio n . The bearings are alm ost always under 
w ater and  ou t of sight, and  a  few hours’ run , w ith  
sand hav ing  free adm ission, causes considerable 
dam age. The common practice of p ro tec tin g  th e  
bearing  w ith  a  piece of be lting  held in  position by 
half-circle clamps w ith  p ro jecting  lugs is too crude.

W hite  m etal or gun-m etal bearings are generally 
provided, b u t th e  Am erican practice  of cast-iron 
bearings is m ore sensible. A bo ttom  tum bler 
revolves a t  such a  slow speed th a t  an  an ti-fric tion  
m etal is n o t necessary. Cast-iron gives good wear, 
and  is cheaper, while i t  can be usually renewed 
locally. In  order to  guard against cracking i t  is 
custom ary to  m ake these bearings a t  least an inch 
th ick , w ith  a d riv ing  outside fit. Deep grease 
grooves a re  essential.

A hollow shaft, w ith  a su b stan tia l gas-threaded 
tie  bo lt to  hold th e  horns of th e  ladder together, 
is good practice . A w earing p late  on th e  end-plate 
of th e  ladder which faces th e  bo ttom  tum bler 
is advisable.

Solid ladder rollers of chilled cast-iron  keyed on 
to  shafts of am ple d iam eter are now generally  
preferred  to  built-up  rollers w ith  wedged-on cast- 
iron w earing spools, b u t th e  bearings a re  still not 
sufficiently p rotected . Good grit-excluding glands 
w ith  no  pro jec ting  p a rts  should be s tan d ard , 
especially for th e  two or th ree  bo ttom  rollers which 
get th e  hardest service. The roller nearest th e  top  
tu m b le r is som etim es subject to  a th resh ing  action  
from  th e  bucket band  w hen th e  ladder is a t  such 
an  angle th a t  its u pper end is n o t q u ite  in  line  w ith  
th e  top  tum bler, owing to  th e  position  of th e  p iv o t 
shaft. A m erican practice  is to  m ake th is  roller 
ex tra  strong, w ith  a  larger shaft, an d  B ritish  
designers m ight well follow suit. The roller nearest 
th e  bo ttom  tum bler should also be streng thened , 
possibly by m aking  it  of steel. L adder hangers 
should always be linked, as rigid hangers are alm ost 
certa in  to  g e t ben t.

The bu ilt-up  bucket is a th in g  of th e  past, and 
th ey  are now generally  cast in  m anganese steel. 
Most B ritish  types do no t provide sufficient flare 
or positive cu ttin g  edge on th e  curve of th e  lip, 

L which throw s ex tra  s tra in  on th e  bow lines. The
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o u ter edges of th e  lips a re  usually  cham fered or 
sharpened up, which seems useless and  wasteful, 
being an  unnecessary  an tic ipa tion  of th e  w ear th a t  
m ust occur on square-edged lips. T he riv ets on 
th e  cu ttin g  corners should be coun tersunk  o r a t 
least half countersunk  on th e  outside, as p ro jec ting  
heads get w orn aw ay very  quickly. Som etim es on 
a  h ard  irregu lar bo ttom  th ey  are w orn off in  a few 
weeks.

B uckets specially  designed for tip p in g  clay can 
be ob tained , b u t as m ost p roperties con tain  some 
clay, i t  would be easier to  s tan dard ize  on a shape 
w hich will t ip  clay an d  which a t  th e  sam e tim e will 
have th e  s tre n g th  to  s tan d  up to  h a rd  digging. 
In  close-connected bands tw o sm all guiding vanes 
cast on th e  back  of each bu ck et would te n d  to  
focus tip p in g  and  lessen side-spill.

T here a re  special circum stances, such as where 
large boulders have to  be dredged, when an  open- 
co n n ec ted ‘bucket band  w ith  tray s m ay  be su itable. 
T rays a re  a  d is tin c t advance on th e  old open links, 
and  can b ring  up an  appreciable  am oun t of ex tra  
ground, while th e  tip p in g  is also cleaner, b u t th ere  
is no d oub t th a t  in  o rd in ary  ground th e  t r a y  should 
be looked upon as a “ passenger ” w hich ought to  
give place to  a w orking bucket.

T he fixed drop-chu te  answ ers v e ry  well for an 
open-connected band, b u t m any  dredges w ith  
close-connected bands a re  now equipped w ith  drop- 
chutes h inged  to  th e  lad d er so th a t  th e  position  of 
recep tion  is ad ju s ted  to  th e  angle of digging. W ith  
a  dredging  dep th  of 60 ft. o r over, an  id le r wheel 
a t  th e  back  of th e  well is advisable. W hen digging 
in  heavy  ground a t  shallow dep ths, as th e  dredge 
m oves along th e  face th e  slack of th e  bu ck et band 
m ay be forced ha rd  aga in st th e  bo ttom  edge of th e  
well and  cu t in to  th e  p la ting . Chafing beam s along 
th e  bo ttom  of th e  well in  ad d ition  to  those usually  
prov ided  would m inim ize th is  danger, which is 
m uch m ore real th a n  one m igh t im agine and  can 
resu lt in  th e  sin k in g  of a dredge.

R egarding bushes an d  p ins, th e  ha lf bush, left 
sh o rt in  len g th  to  allow for "  flow,” is th e  usual 
m odern p ractice, while a lte rn a te  righ t-and-left- 
h an d  p ins w ith  "  L ” heads or lugs a re  s tan d ard . 
C ountersunk bolts are alm ost inv ariab ly  provided 
for keep ing  th e  p ins in  place, b u t ha rd ly  anyone 
troubles to  use them . Lugs w ith  keys are a co n stan t 
w orry, as th e  keys will n o t s ta y  t ig h t  an d  
consequently  drop in to  th e  pond. The m ost recen t 
p ractice  is to  p rov ide lugs which are  m ade to  fit 
th e  recesses in  th e  buckets and  w hich  can be 
tig h ten ed  up w hen necessary by  in se rtin g  a th in  
lin e r before d riv ing  th e  p in  home. Once a  p in  
becom es w orn and  develops a "  shoulder ” i t  usually  
stays in place. P ins are com m only m ade of chrom e 
steel, as m anganese steel has som etim es proved 
unreliable in  p ins of large diam eter.

In  m any  cases th e  d iam ete r of th e  screen is too 
sm all, while th e  percen tage area  of ap ertu re  in 
th e  p e rfo ra ted  p a r t  is m uch less th a n  i t  should  be. 
This is p a rtly  due to  th e  m odern practice of m aking 
th e  screen w ith  inside w earing p lates which line an 
o u te r shell. T he o u te r shell is usually  perfo ra ted  
w ith  J  in . holes w hich coincide w ith  g in . or ^ in . 
holes in  th e  w earing p lates ; b u t i t  is obvious th a t  
if  one shell only  be adopted  th e  percen tage  of 
ap ertu re  can be considerably  increased w ithou t 
unduly  w eakening th e  p lating . In  recen t Am erican 
practice  th e  p e rfo ra ted  p lates are fastened  d irect 
to  a  su b stan tia l skeleton  fram e, w hich perm its of 
these closer apertu res.

T he m odern ten d en cy  is to  increase th e  d iam eter 
of th e  screen, and  th is  would seem  to  be a m ove in 
th e  rig h t d irection . A custom ary  slope on B ritish  
screens is 1 in 12, b u t A m erican screens a re  usually 
se t s teeper, wi th  slopes up to  1 in  8. I t  is a common 
practice  to  bolt on re ta rd in g  angle p lates, so as to 
tu rn  over th e  spoil an d  assist d isin teg ra tio n , bu t 
one can n o t do m uch of th a t  on a  flat slope w ithout 
overloading th e  screen. I t  m ust be rem em bered 
th a t  a h eav ily  loaded screen needs a  lo t of ex tra  
pow er to  tu rn  it, and  on e lectrically -driven  dredges 
th e  m otors prov ided  are  o ften  too  sm all to  stand  
m uch overloading.

The custom ary  screen d riv e  is by  m eans of a 
friction  ro ller d riven  th ro u g h  bevel gears, which 
engages from  below a cast-s teel p a th  cen tred  by 
tru n n io n s  and  bolted  on to  th e  screen fram e a t its 
u pper end. A sim ila r p a th  a t  th e  b o tto m  end rests 
on tru n n io n s  and  is engaged b y  a th ru s t roller. 
Some a tte m p ts  have been m ade to  p rovide wearing 
p lates on th e  roller pa th s , b u t th e y  are  usually 
unsatisfactory . T he b est practice  would seem  to  be 
solid cast-steel pa th s , w ith  p le n ty  of wearing 
m ateria l.

T he delivery  of th e  screened p ro duct to  the 
roughing jigs, so as to  ensure an  equal d istribu tion  
of feed, is a n o th e r im p o rta n t p o in t ab ou t which no 
finality  of design has been established. One should 
aim  a t  g e ttin g  th is  effect w ith  th e  las t possible loss 
of head. A series of doors, o p erated  b y  levers, which 
are  p laced a t  in te rv a ls  in  th e  b o tto m  of th e  screen 
housing so as to  release th e  discharge a t  points 
opposite th e  jig -in takes is custom ary. On a 
recen tly  constructed  dredge a form  of d istribu tion  
is prov ided  which would seem  to  m ark  an  advance. 
Boil boxes a re  p laced u n d er th e  discharge doors 
so as to  p re v en t w ear. T he overflow from  these 
boxes runs down an  inclined  tab le  on each side, 
above w hich are  w ash-w ater cocks, an d  drops into 
launders ru n n in g  paralle l w ith  th e  jig  intakes. 
Sliding doors a t  each in ta k e  reg u la te  th e  feed to 
each jig.

The stone-chute  w hich dum ps th e  oversize spoil 
from  th e  screen overboard  is nearly  alw ays set too 
flat to  discharge freely w hen a n y  clay is encountered. 
The easiest w ay to  deal w ith  s tick y  clay is by  means 
of a s tack er or b e lt conveyor d ischarging a t  least 
50 ft. beyond th e  s te rn . T he s tack e r should receive 
th e  clay down a sh o rt slope of a t  lea s t 1 in  2.

In  th e  dum ping  of jig  ta ilin g s i t  seems to  be 
generally  considered th a t  sand  chutes discharging, 
say, 40 ft. beh ind  th e  s te rn  need n o t be h igher than  
6 feet above th e  pond  level. T his m ay  answ er well 
enough w here th e  b o tto m  is level an d  no height 
of b an k  has to  be carried , b u t cases occur where 
a n o th e r 2 ft. or so of he igh t in  th e  discharge would 
m ake w orking conditions m uch easier. As a general 
rule th e  o p erato r prefers tailings-discharge chutes 
to  be k e p t as h igh  above pond-level as is consistent 
w ith  reason in th e  design. A grade of 1 in  16 in 
tailings launders is sufficient to  m ain ta in  a free 
flow. The discharge lip  of th e  s tone-chu te  should 
n ev er be h igher th a n  th e  ta ilin g s launders, as stones 
or clay m ay be piled  up in  heaps so h igh  th a t  they  
can dam age th e  launders w hen th e  dredge swings 
round. This tro u b le  is h ard  to  avo id  while running 
a t  n igh t.

W ith  regard  to  th e  service pum ps, th e  pond 
w a ter usually  con ta ins m uch grass, roots, wood, 
and  o th e r vegetab le  m a tte r  w hich ought to  be 
p reven ted  from  reaching th e  suction  pipes. A pipe 
placed along th e  to p  of th e  s tra in in g  box prov ided
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w ith  je ts which spray  w a ter on th e  surface of the  
pond w ith  some pressure keeps p ractica lly  all the  
floating m ateria l aw ay from th e  screen. The loss 
of runn ing  tim e on account of pum p stoppages is 
often a considerable item , and  much of i t  is caused 
by ineffective s tra in in g  of th e  w a ter supply.

Manoeuvring w inches are now usually m ade w ith  
a  central tra in  of gear-wheels, th e  various drum s 
being actuated  a t  will by  friction  clutches. On 
electrically-driven winches it is advisable to  provide 
two speeds, as th e re  a re  occasions w hen th e  norm al 
speed of 18 ft. to  20 ft. p er m inu te  is m uch too slow 
for some p articu la r du ty . The drum s are generally  
on th e  sm all side, and  would be preferred  w ith  more 
rope accom m odation.

Sheaf pulleys in fairleads are frequently  too light 
to  stand  m uch hard  w ear an d  should have more 
m etal round th e  base of th e  sheaf, which could be 
provided a t  a negligible ex tra  cost. Again, fa ir
leads which have to  w ith stan d  vertica l s tra ins are

som etim es insufficiently fastened  down to  th e  deck 
and  m ay be pulled ad rift by  vigorous w inching. 
The average A siatic w inchm an gives his gear 
occasional tes ts  of a severity  n o t con tem plated  by 
th e  designer or builder.

On several deep-digging dredges w ith  large 
buckets th e  ladder hoist w inch is som ew hat u n d er
powered and  tak es an  inconvenien tly  long tim e to  
lift th e  ladder, th e  m ore so as m any  operators 
p refer to  keep th e  buckets tu rn in g  while hoisting, 
which consum es ex tra  pow er a lthough i t  m ay  be a 
safe practice.

W ilkinson process rubber-sheeting  has proved 
itself m uch m ore durab le  th a n  m etal for lin ing  
ta ilings launders. In  a  th ick e r form i t  is also 
su itable for stone-chutes w here rounded boulders 
are discharged, b u t i t  is liable to  be cu t and  
dam aged by  heav y  sharp  angu lar rocks. Raw 
p lan ta tio n  crepe ru b b er is also used in  tailings 
chutes and  gives sa tisfactory  service.

M A N G A N E S E  D E P O S IT S  O N  T H E  G O L D  C O A ST
A t th e  Ja n u a ry  m eeting  of th e  In s titu tio n  a paper 

entitled “ A con tribu tion  to  th e  Geology of the  
M anganese Ore-deposits in th e  Gold Coast Colony 
and in A sh an ti,’’ by  Messrs. D. W . Bishopp and 
W. J. Hughes, w as in troduced  by  Mr. J . Allen 
Howe.

The au thors a fte r  giving a b ibliography of th e  
relevant literatu re, proceeded to  outline th e  principal 
geological features of th e  Colony. As a  s ta tem en t 
of the  la test views, con tained  in  B ulletin No. 2 of 
the  Gold Coast Geological Survey, was given in our 
October issue, i t  will be unnecessary here to  deal 
fu rther w ith th is  aspect of th e  work.

The local geology of th e  In su ta  a rea  was nex t 
described. This coun try  lies im m ediately  east of 
the  Sekondi-K um asi railw ay, and  n o rth  of th e  
Bonsa river, and except for a few clearings beside 
the railway, and  a t  In su ta  Mine, th e  land is covered 
by th ick  tropical forest. The valley floors are a t  an  
average elevation of 250 ft. above sea-level, while 
the  hills rare ly  exceed 600 ft. Looking eastw ard  
from the  In su ta  heights over a sea of forest, th e  
view suggests a m ultitude  of isolated hills scattered  
above th e  landscape, w ithou t reference to  an y  
p articu lar scheme of topography . Actually, how
ever, th ere  is a well-defined valley  and  hill-range 
relief, which is in close agreem ent w ith  th e  geological 
structure  of th e  area. This is b est described as a 
system  of successive belts of form ations, which are 
roughly parallel, and  tren d  north -east.

These belts are tab u la ted  below in  succession 
from west to  east ; th e  characteristic  rocks and  th e  
m axim um  outcrop w idth of each form ation  are  set 
forth , together w ith  th e  topographic features to  
which th ey  correspond.

The Insuta-D agw in deposits of m anganese are

T h e  F o r m a t io n s OF TH E

M ax.
Width,

Name o f Belt. Characteristic Rocks. Miles.
(a) Kawere G rits and  extrusives 1-25
(b) Insu ta M anganiferous sedim ents 0-60
(c) Tarkw a-Banso G rits and  extrusives 0-80
(d) Asikum a M anganiferous sedim ents 0-80
(«) Aiyinasi A m phibolites 1-40
(/) Achobuana Ferriferous sedim ents 3 00

located on th e  In su ta  belt which is composed m ainly 
of m anganese- and  iron-bearing  phyllites and  clay- 
slates, associated w ith narrow  in trusions of porphyry  
and porphyrite . C oncentrations of m anganese in 
th is  be lt invariab ly  occur e ither a t  its  junction  
w ith  in trusive  po rp h y ry  of th e  K aw ere group or in 
masses of phy llite  trap p ed  betw een tw o intrusions. 
There is a recurrence of m anganese- and iron-bearing 
phyllites an d  clay-slates in  th e  A sikum a belt.

D e s c r i p t i o n  o f  t h e  M a n g a n e s e  O r e - D e p o s i t s .  
— (a) Enrichment o f Phyllite.—T he m anganiferous 
phyllite  represents a stage in  th e  m etam orphism  
of an  argillaceous sedim ent which contained 
m anganese, alm ost certa in ly  in  th e  form of oxide. 
The m anganese co n ten t of th e  phyllite  now exposed 
a t  th e  surface is g reater or less th a n  th e  original 
p rim ary  con ten t, according as to  w hether i t  has 
been enriched or im poverished by  secondary 
processes. A t In su ta  th ere  are one or tw o exposures 
of decayed phyllite  from which practically  all the  
m anganese has been rem oved ; b u t as a rule, th e  
body of phyllite  above th e  w ater-tab le  is enriched. 
The process ap p aren tly  operates in  tw o w ays :

(1) C oncentration tak es place, by  th e  rem oval in  
solution of iron, silica, a lum ina, and  o th er com 
ponents of th e  rock, and  re-precip itation  of m an 
ganese, p ractically  in  situ. T his m ay  be term ed  
“ differential en rich m en t.”

(2) C oncentration  tak es place by  th e  p recip ita 
tion , on a  suitable surface, of m anganese derived 
from  a h igher level in  th e  deposit. This m ay  be 
term ed  "  add itive  en rich m en t.”

H ence a body  of enriched phyllite  con ta ins all or 
nearly  all of its  p rim ary  m anganese, plus a  certain  
am ount derived from  a  considerable original 
upw ard extension  of th e  phy llite  ; b u t n o t all th e

Topography.
K aw ere Valley.
Insuta-B esease range of hills.
Broad depression of Tarkw a-B anso. 
Asikum a-O dum ase (local) range of hills. 
W estern  slopes of Bonsawere Valley. 
W ell-m arked range of hills on th e  w est of the  

belt, w ith  broken, hilly coun try  to  th e  east.
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m anganese of th a t  denuded extension is re ta in ed  in 
th e  rock a t  low er levels. Much, possibly m ost of 
it, is carried  outside th e  body of phyllite  in solutions 
which co n tribu te  to  th e  g row th of d e trita l ore. I t  is 
of in te res t to  no te  th a t  no m anganese oxide was 
found replacing th e  porphyry . On th e  whole, 
differential enrichm en t ten d s to  produce a body of 
m anganese oxides which re ta in  definite stru c tu ra l 
characteristics of th e  original p h y lli te ; while 
add itive  enrichm ent, being a  la te r  effect, ten d s to  
ob lite rate  th e  s tru c tu ra l features, and  to  produce a 
m assive, com pact body  of ore. T his view  is 
supported  b y  th e  fac t th a t ,  while m assive ore is 
found ad jacen t to  faults, w here circula tion  of solu
tio n s is fa irly  free, ore of a  sim ilar grade, b u t 
re ta in in g  th e  s tru c tu ra l characteris tics of th e  
phyllite , is found fa rth e r  aw ay from  faults, where 
perm eating  solutions m eet w ith  m ore obstruction .

F rom  th e  foregoing considerations, i t  will be 
ga thered  th a t  th ere  are all ty p es of tran s itio n  from 
unenriched phyllite  to  m assive high-grade ore, th e  
final p roduct of enrichm ent. All deposits o th e r th a n  
d e tr ita l deposits of m anganese ore in  th e  a rea  under 
review  m ay  therefore  be regarded as m em bers of a 
series of enrichm en t p roducts of phyllite. They are 
referred to  h e rea fte r as concentrations.

(b) Loci o f  concentration.— T he ty p ica l locus of 
concen tra tion  is th e  phy llite-porphyry-contact. 
The phyllite  is enriched in  zones of vary ing  w idth, 
everyw here along such contacts. W here a slab of 
phy llite  is sandw iched betw een tw o p orphyry  
in trusions, enrichm en t proceeds from  b o th  contacts. 
As a rule, however, th e  concentration  a t  th e  co n tac t 
alone is n o t sufficiently high to  be tak e n  as ore. 
Ore-bodies are found a t th e  in tersections of con tacts 
and  fau lts  ; thus, fau lts  determ ine  th e  loci of m ost 
in ten se  concen tra tion . On th e  A sikum a belt, and  
n o rth -east of In su ta  on th e  In su ta  belt, th e  ore- 
bodies a re  sm all, and  are developed along one con tact 
from  its  in tersection  by  a fault. The com m on form 
of th e  ore-body, in  plan , is a wedge, based on a  fault, 
an d  tap e rin g  o u t along th e  con tact. Generally, th e  
ore on  th e  n o rth  side of th e  fau lt is m uch richer in  
iron. T he Asikum a occurrence is ty p ica l of th is  
class of ore-bodies. On th e  o th e r hand , th e  huge 
ore-bodies of th e  In su ta  and  Dagwin hills appear to  
be due to  th e  en richm ent of blocks of phy llite  se t 
am ong th e  b ranch ing  arm s of a g rea t p o rphyry  
in trusion . Several powerful fau lts cu t across th e  
phyllite-porphyry  complex and  determ ine th e  
leng ths of th e  blocks. E ach  block form s a  well- 
defined hill— and th e  d isplacem ent due to  th e  faults 
is reflected in th e  staggered or echelon a rrangem en t 
of these  hills along th e  s trike  of th e  phyllites. The 
ridge of hills know n as E  and  D on th e  m ine, is 
separated  from  th a t  of hill C by  a deep narrow  valley 
carved along th e  ou tcrop of a  p o rp h y ry  in trusion . 
A nother g reat p o rp h y ry  b and  outcrops on th e  lower 
w estern slopes of hill D .

(c) Lower lim its o f concentration.•—The usual 
experience w hen sinking in ore-bodies a t  Asikum a, 
Dixcove, and  places outside In su ta , w as th a t  th e  
ore-body tapered  ou t tow ards th e  w ater-tab le  and 
m erged in to  enriched phyllite  of a  grade th a t  would 
n o t be classed as ore. The d ep th  of a n  ore-body 
appears therefore  to  be determ ined  largely by  th e  
relief.

I t  m ay  be m entioned here th a t  c erta in  siliceous 
m anganese ores were found occupying fissures in 
th e  Dixcove area . A t A sikum a, siliceous ore also 
ab u ts  on a  fau lt. T here is no in form ation  as to  th e  
vertical range of these  concentra tions, no r is i t

know n w hether th e  silica w as deposited from  ascend
ing or descending solutions. T he possib ility  of 
concen tra tion  b y  hydro th erm al processes canno t 
be ignored in  th is  connexion.

(d) Detrital Ore.— D etrita l ore is developed in  th e  
red e a rth  which covers th e  hill slopes. The bulk  of 
it  has been shed from th e  outcrops of ore-bodies. 
Large boulders a re  frequen tly  found dow n th e  
slope, im m ediately  below an  ex isting  o re -b o d y ; 
o thers m ark  th e  app ro x im ate  position of a lens of 
ore, th e  ra te  of dow nw ard grow th  of w hich was 
exceeded b y  th e  ra te  of d en u d atio n  of th e  softer 
ground around  it. In  size, th e  d e tr ita l fragm ents 
v a ry  from  th a t  of a g rain  of barley  to  boulders of 
several cubic feet. All th e  frag m en ta ry  m ateria l 
ten d s to  assum e rounded form s.

This is due to  th e  m odifying action  of solutions 
circula ting  in  th e  b lan k e t of red e a rth . W ate r is 
ab u n d an tly  provided, n o t only by  th e  heavy 
seasonal rainfall, b u t by  n igh tly  condensation  from 
th e  hum id atm osphere, w ith  a lte rn a te  evaporation  
by  dav. T here is con tinual solution and  re-deposi
tio n  of m anganese oxide, and, no doubt, m uch of the  
m anganese oxide, derived from destruction  of 
phyllite  ex tend ing  above it, is deposited  on th e  shed 
fragm ents. The am o u n t of pisolitic ore form ed in a 
sim ilar m anner, by  deposition of m anganese oxide 
round suitable nuclei, is considerable.

The unconsolidated ore, found in  th e  u p p er p a rts 
of th e  huge ore-bodies a t  In su ta  m ay  be considered 
here, a lthough  it  is no t stric tly  d e tr ita l in  character. 
I t  has been s ta te d  th a t  d ifferential enrichm en t of 
th e  phyllite  resu lts in  th e  fo rm ation  of ore re ta in ing  
th e  s tru c tu ra l featu res of th e  o rig inal rock. This 
"  p a tte rn  ore ” is som etim es v ery  porous or cellular, 
w ith  th e  walls of th e  spaces conform ing in  p a tte rn  
to  th e  system  of jo in ts in  th e  original phy llite . Such 
ore is found in  th e  h e a r t  of a n  ore-body, well away 
from faults. The continuous ab strac tio n  of m inerals, 
o th er th a n  m anganese oxide, from  th e  body of a hill, 
during w eathering  processes, resu lts  in  a  gradual 
subsidence, in  w hich a n y  cellular ore involved is 
crushed. Such is p ro bab ly  th e  origin of th e  friable 
ore found in th e  bodies of hills E  an d  D. T he veins 
of ' ‘ sand  ’' (angular q u a rtz  grains) runn ing  through 
them , represen t crushed q u a rtz  term inals of 
p egm atite  veins, o r possibly, in  some cases, the  
residual q u a rtz  granules of a vein of porphyry . The 
tendency  is a lw ays for th e  crushed ore to  become 
cem ented by fresh m ate ria l deposited from  descend
ing solutions. Judging, however, from  th e  great 
th ickness of d e trita l ore capp ing  th e  ridge, 
coalescence of th e  fragm en ts is no t a lw ays com 
pleted  ; and  as th e  land  surface is lowered by 
denudation , these  fall au to m atica lly  w ith in  the  
zone of tru e  talus. A ctually , of course, th e re  is no 
line of dem arcation  betw een ore-body and  detrital. 
The angular fragm ents of th e  ore-body, which have 
a sugar-like frac tu re  surface, m erge by  im perceptible 
gradations in to  pisolitic d e tr ita l of th e  capping. 
W here several fragm ents have  coalesced, irregular 
lum ps of concretionary  d e tr ita l result. T he principal 
m inerals are th e  oxides, psilom elane and  pyrolusite, 
which ta k e  various forms, such as sta lactitic , 
bo tryoidal, reniform , and  re ticu la te , according to 
th e  m odes of solution and  re-deposition th a t  have 
been a t  work upon them . M anganite  and  polianite  
a re  also found.

T he au th o rs  th e n  consider in  som e d e ta il th e  
processes involved in  th e  concentra tion  of m anganese 
oxides. T hey  deal w ith  th e  fo rm ation  of la te rites , 
th e  action  of bacteria , th e  action  of th e . po rp h y ry
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intrusions, and th e  solution of m anganese, iron, 
silica, and  a lum ina. These considerations have led 
th e  au tho rs to  th e  conclusions s ta te d  above, and 
th ey  conclude by  saying th a t  while m anganese ore- 
deposits are w idely d istrib u ted  in  th e  colony, onlv 
one has a tta in e d  g rea t pre-em inence, and  th is  is 
due to  a fo rtu n ate  com bination  of several operating  
factors, each  of which ten d s to  concentra te  oxides 
of m anganese. These factors a re  :

(1) The purely  geom etrical packing of m angan- 
iferous s tra ta  by  shear-stress and  folding under 
earth -m ovem en t.

(2) The in trusion  of a p a rticu la r ty p e  of po rphyry  
in to  th e  m anganiferous beds, involving m etasom atic 
and prophylitic  action . This has modified th e  beds 
bo th  chem ically an d  m ech an ica lly ; in  th e  first 
case by th e  in troduction  of carbon-dioxide and 
p y r i te ; in  th e  la tte r , by  rendering  them  m ore 
porous near th e  co n tracts w ith  th e  in trusions. The 
possibility of concen tra tion  by  hydro -therm al action 
a t  th is  stage h as been suggested.

(3) The occurrence of tran sv erse  fau lts and  
shatter-Iines, which give th e  sam e m echanical 
effects as th e  porphyries.

(4) The circulation  of atm ospheric carbon-dioxide 
in w ater, in  a  trop ical forest covering th e  te rra in .

(5) The liberation , by  w eathering , of sulphuric 
acid from pyrite  a lready  introduced in to  th e  rocks.

The sam e factors a re  of course operative in  th e  
concentration of o th er m inerals, and  some of them  
m ay certain ly  be held responsible for th e  form ation 
of economic deposits of iron ores and  bauxite  in 
W est Africa.

In  view of th e  wide-spread occurrence of gold in  
the  country  u nder review it is considered th a t  
m anganese m ay  have influenced th e  concentration  
of gold during th e  com paratively  recen t peneplana- 
tion  of th e  Gold Coast and  A shanti.

Influence of W olfram  on T in -S la g s .—The
influence of wolfram  on th e  “ com bined tin  ” 
content of tin-slags was discussed by Messrs. K. V. 
Christie and  E . O. Jones in  a  pap er presented  a t  th e  
January  m eeting of th e  In stitu tio n  of M ining and 
Metallurgy.

The authors poin ted  ou t th a t  a lthough th e  t in 
stone as m ined is invariab ly  w ater-concentrated  
before sm elting only th e  lighter gangue is removed, 
and a considerable p roportion  of th e  heavier 
im purities (pyrite, ilm enite, wolfram, scheelite, 
etc.) rem ains in  th e  resulting concentrate. The 
nature and am ount of th e  im purity  rem aining will 
clearly effect th e  efficiency and  cost of th e  sm elting 
process, a fact well recognized by tin  sm elters who 
purchase th e ir  ores on schedules which include 
penalties for undesirable constituents. According 
to  T hibault th e  chief im purity  associated- w ith 
cassiterite, and  th e  one causing m ost trouble 
metallurgically, is wolfram. D yson has also m ade 
the  observation th a t  am ong adm ixtures frequently  
occurring w ith  t in  ores, tungsten  ores are th e  
m ost im portan t, since n o t only do th ey  provide 
a  source of th a t  elem ent, bu t, in addition , th ey  
have to  be rem oved from  th e  sm elter ore if th e  
finest q u a lity  and  highest yield  of tin  is to  be 
obtained.

The following schedule of penalties which was 
draw n up by  a tin-sm elting  com pany in  M alaya 
indicates th e  ex ten t to  which th e  presence of 
tungstic  oxide in  th e  sm elter concentra te  was 
considered to  react unfavourably on th e  sm elting 
process, and how th is adverse effect was charged for.

Schedule o f Penalties fo r  Tungsten Content. 
T ungstic Oxide in  U nits T in deducted from

C oncentrate. T in  Assay Value.
0-0  - 0 - 4 9 %  0 -0  un its
0-5  — 0-99%  0-3  ,,
1 - 0 — 1-49%  0-5  ,,
1-5 - 1 - 9 9 %  0-75 ,,
2 - 0 — 2-99%  1-0
3-0  — 3 - 99% 1-5 ,,

Penalties ceased on reaching 4% of tungstic
oxide, as it. was considered th a t  m ateria l of th is  or 
h igher ten o r would be able to  bear th e  cost of a 
m agnetic-separation trea tm e n t yielding bo th  t in  
and  wolfram concentrates.

Although, as has been shown, th e  presence of 
tungstic  oxide in  t in  concentrates is considered 
undesirable, th e  au thors were unable to  find any  
references to  a stu d y  of th e  influence of th is  oxide 
on th e  sm elting process. I t  was decided to  t rv  to  
determ ine w hether th e  presence of tungstic  oxide 
was de trim ental because (a) i t  was p artia lly  reduced, 
and  con tam inated  th e  resulting  tin  ; or (b) its 
presence favoured th e  passage of t in  in to  th e  slag ; 
o r (c) wolfram -bearing slags required a higher 
working tem pera tu re  an d /o r had  a h igher viscosity.

The sm elting process is influenced by  such factors 
as (a) basicity  of th e  charge, (ft) chemical n a tu re  
and  proportions of th e  respective basic and acid 
constituents, (c) p roportion  and character of th e  
reducing agent, (d) tem pera tu re  a tta in ed  and ra te  
of heating . There are th u s m any  variables to  
consider, and  a n  extended investigation was 
necessary to  tak e  in to  consideration all th e  factors. 
I t  w as decided to  confine th e  research to  a  set of 
conditions in  which th e  only variable would be th e  
ra tio  of silica to  tungstic  oxide in  th e  charge, and to 
study, m ore particu larly , th e  effect of increasing 
th e  tungstic  oxide con ten t on th e  tin  con ten t of 
th e  resulting slag. Accordingly, a s tan d ard  charge 
was decided upon and  a series of experim ents 
perform ed in  which th e  only variable was th e  ratio  
S i0 2 : W 0 3.

From  a consideration of known d a ta  i t  was 
decided to  use a m ixture of 10 p a rts  S n 0 2, 11-75 
p a rts  S i0 2, 16 p a rts  FeO, 7-5 p a rts  CaO, and 2 p a r ts  
of C as th e  stan d ard  charge. These constituents 
were introduced in to  th e  charge in th e  forms of 
pure stann ic  oxide, silver sand, repu ted ly  pure 
siderite, crushed m arble, and powder charcoal 
respectively. Several experim ental runs were m ade 
in  order to  fix th e  operating  conditions so as to  
ob ta in  reproducible slags, and  as a result of th is 
prelim inary  work th e  following modifications were 
made.

(1) The repu ted ly  pure siderite which had  been 
used as th e  source of FeO was replaced by th e  oxide 
which was prepared  from ferrous oxalate.

(2) The crushed m arble was calcined before use.
(3) The proportion of carbon was cu t down to 

T5 parts .
The procedure finally adopted as s tandard  was as 

follows : The charge com ponents— stannic  oxide, 
ferrous oxide, quicklime, sand, tungstic  oxide, and 
charcoal in  pow der form, were weighed ou t in  th e  
required proportion , thoroughly  well m ixed by 
shaking in  a  w ide-m outh stoppered bottle , and  
transferred  to  a No. 3 M organ crucible. In  th e  
m eanwhile an  in jector furnace had  been heating  up, 
th e  gas being full on and  th e  a ir supply adjusted  
un til only a  sm all flame emerged from  th e  p o rt in 
th e  lid. In  th is  w ay th e  m axim um  ra te  of heating 
consistent w ith a non-oxidizing atm osphere w ithin
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th e  furnace w as ob ta ined . H eatin g  curves for 
different runs were tak e n  an d  proved sufficiently 
s im ilar to  ren d er th e  d ifferent experim ents com 
parab le. T em pera tu res were ta k e n  b y  m eans of a 
d isappearing  filam ent p y rom eter which was sighted 
on to  th e  im age of th e  crucible an d  furnace in te rio r 
in  a m irro r placed a t  a su itable angle ab o u t tw o feet 
above th e  furnace. W hen th e  m elt had  become qu iet 
th e  furnace w as sh u t down and  th e  charge poured. 
T he m eta l and  slags were th e n  exam ined and  
assayed.

The experim en tal resu lts ob tained  offered several 
p o in ts  of in te res t, an d  th e  following inferences 
would ap p ea r to  be perm issible.

(1) Increasing  rep lacem en t of silica in  th e  charge 
b y  tungstic  acid resu lts in  an  increased loss of t in  
in  th e  com bined form.

(2) The increase in  th e  tun g stic  acid co n ten t of 
th e  slag brings ab ou t a noticeable increase in  th e  
slag  viscosity.

(3) Assum ing th a t  com m ercial slags are no t 
dissim ilar in  th e ir  behaviour from  th e  ty p e  slag 
tak en , th e  practice  of penalizing w olfram -bearing 
concen tra te  is justified, b o th  on th e  grounds of th e  
increase in  com bined t in  co n ten t of th e  p rim ary  slag 
an d  th e  increase in  th e  prill t in  co n ten t w hich will 
follow from  th e  increased  v iscosity  of th e  slag. I t  
is recognized th a t  fu rth e r w ork using ty p es  of slags 
covering th e  wdiole range  of com m ercial slags is 
desirable to  te s t  th e  assum ption  w ith  w hich th is  
inference opens.

(4) T he p u rity  of th e  resu lting  t in  suggests th a t  
u n der th e  experim ental conditions tungstic  oxide 
is n o t reduced to  m etal.

(5) T he slag analyses show th a t  th e  com bined tin  
is in  th e  form  of stannous oxide, w hich is 'in  agree
m en t w ith  Louis’ s ta te m en t th a t  stann ic  silicates 
do n o t exist. I t  is also strong  p resum ptive evidence 
for th e  opinion th a t  th e  reduction  of stannic  oxide 
tak e s  place in  tw o stages :

S n 0 2 —>■ SnO —*■ Sn.
(6) T he fact th a t  w hen a suitable p roportion  of 

reducing ag en t is used th e  t in  b u tto n  is sub stan tia lly  
free from  iron, although  th e  slag con tains upw ards 
of 30% FeO, p o in ts e ith e r to  : (a) th e  affinity  of 
ferrous oxide for silica is g rea ter th a n  th e  affinity 
of stannous oxide for silica, o r (6) th e  ra te  of 
reduction  of s tannous oxide to  m eta l is m uch m ore 
rap id  th a n  th e  corresponding reduction  of ferrous 
oxide, or (c) th a t  under th e  experim ental conditions 
th e  affinity of oxygen for iron  is g reater th a n  th a t  
for tin , an d  th a t  in  consequence th e  reaction  
SnO +  Fe —>■ Sn +  FeO tak es place.

(7) T he h igh  tin -co n ten t of th e  slag w hen a pure 
tin  b u tto n  is produced, coupled w ith  th e  invariab le  
fo rm ation  of hard -head  (Sn-Fe alloy) and  low tin  
co n ten t slags w hen th e  am ount of reducing agen t 
is increased, suggests th a t  (a) s tannous silicate is 
not read ily  reduced b y  carbon  or carbon  m onoxide,
(6) th e  rem oval of tin  from  th e  slag is a  p recip ita tion  
process.

Fe +  SnO .S i02 —*• Sn +  FeO .SiO a.
(8) T he d is tin c tly  lower t in  co n ten t of th e  slags 

in  experim ents w here th e  “ lim e ” (CaO and 
MgO) co n ten t is high, is in  agreem ent w ith  S tack ’s 
observation  th a t  h igh  lim e co n ten t favours lower 
t in  con ten t. I t  is ten ta tiv e ly  suggested th a t  a 
d is tin c tly  lower solubility  of stan n o u s oxide in 
calcium  silicate th a n  in  ferrous silicate would 
account for such a resu lt by  lessening th e  am ount 
of stannous oxide rem oved from  th e  influences of 
th e  reducing agent.

S H O R T  N O T IC E S
Large Electric  Winder.— T he Engineer for 

Ja n u a ry  17 con ta ins a descrip tion  of th e  electric 
w inder recen tly  in sta lled  a t  th e  No. 4 sh a ft of the  
C ity  Deep. T he d.c. m o to r is ra te d  a t  5,000 h.p. 
and  12,500 h .p . on th e  m axim um  peak  load.

Q uarrying with the Wire Saw.— In  T echnical 
P u b lica tion  No. 262 of th e  A m erican  In s titu te  
of M ining an d  M etallurgical E ngineers, W . M. 
W eigel describes th e  ap p lication  of th e  wire saw 
to  m arb le  q u arry in g  in  N o rth e rn  A rkansas. I t  
will be recalled  th a t  th is  m ethod  of quarry ing  
m arb le  has been used a t  A shburton  in  D evonshire.

M agnetic  Separation.— A n ex p lan atio n  of the  
behav iour of m agnetic  partic les w hen subjected 
to  th e  ac tio n  of a lte rn a tin g  m agnetic  fields is 
con ta in ed  in  a p ap er b y  J. A. L. O rtlepp  which 
appears in  th e  Journal of th e  Chem ical, M etal
lurgical an d  M ining Society of South  A frica for 
O ctober, 1929.

Soluble  Sa lts  as F lotation Reagents.— In 
Engineering and M ining Journal for D ecem ber 14 
las t, N. H . M cK ay explains th e  uses of certain  
soluble sa lts  in  flo ta tion  processes

Leaching of Oxidized Copper Ores.—The 
rep o rt of th e  W est A ustra lian  d ep artm en t of Mines 
for 1928 con ta ins a descrip tion  of experim ents 
carried  o u t by  W . G. M urray, th e  G overnm ent 
M ineralogist an d  C hem ist, to  de te rm ine  th e  solvent 
effect of solutions of ferrous su lp h a te  in  sea w ater 
on an  oxidized copper ore from  th e  W him  Well 
Copper m ine. The so lven t action  is found to  be 
m ain ly  due to  th e  free su lphuric  acid  which is 
con ta ined  in  com m ercial ferrous su lphate , the  
a c id ity  of th e  so lu tion  be ing  m ain ta in ed  b y  the 
con tinued  separa tion  of basic sa lt d u ring  leaching.

Season Cracking of Brass.— A. M orris, in 
T echnical P u b lica tion  No. 263 of th e  Am erican 
In s ti tu te  of M ining and  M etallurgical Engineers, 
gives th e  resu lts of te s ts  to  de te rm in e  th e  resistance 
of brasses to  stress-corrosion  a tta ck .

Electrolytic  Iron.—A t th e  general m eeting  of 
th e  A m erican E lectro-chem ical Society held a t 
T oron to , 1929, S. J . L loyd described  th e  pro
duction  of e lectro ly tic  iro n  from  a  suspension 
of its  oxide in  h o t stro n g  caustic  soda by  the 
E stelle  process.

Silica Refractories .— T he p o sitio n  in  Great 
B rita in  w ith  regard  to  silica re fractories is discussed 
b y  Professor George K nox  in  th e  Iron  and Coal 
Trades Review  fo r D ecem ber 27 last.

Geophysics.— “ Seism ic P ro p ag a tio n  P aths ” 
is th e  sub jec t d e a lt w ith  in  T echnical Publication 
No. 267 of th e  A m erican In s t i tu te  of M ining and 
M etallurgical E ngineers b y  M. E w ing and  L. D. 
Leet. ’

Iron Ore on Bell  Is land, Newfoundland.—
S. C. Mifflen describes th e  W ab an a  iron  ore mines 
of th e  B ritish  E m pire  Steel C orporation  in  the 
Canadian M in ing  Journal fo r J a n u a ry  17.

Butte,  Montana.— T he age an d  stru c tu re  of 
th e  vein  system s a t  B u tte , M on tana, a re  discussed 
b y  J. C. R a y  in  T echnical P u b lica tio n  No. 265 of 
th e  A m erican In s t i tu te  of M ining an d  M etallurgical 
E ngineers.

Barytes in California .— I n  T echnical 
P u b lica tion  No. 266 of th e  A m erican  In s t i tu te  of 
M ining and  M etallurgical E ngineers , W . G. Bradley 
deals w ith  th e  b a ry tes  resources of California.

R ad iu m  Ore in Canada.— T he Canadian 
M ining Journal for D ecem ber 13 la s t describes the
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results of th e  discovery of a vein  con ta in ing  
u ran in ite  in  H a lib u rto n  C ounty, O ntario .

Swaziland. —“ N otes on th e  M ineralized Belt 
of Jam estow n Series— Forbes Reef, Sw aziland,” 
forms th e  sub ject o f a p a p er read  b y  G. W . Bond 
on D ecem ber 17 las t before th e  Geological Society 
of South Africa. The account is in te res tin g  in  view 
of th e  m in ing  p o ten tia litie s  of th e  d is tric t.

R E C E N T  P A T E N T S  P U B L IS H E D
I)V  A copy of the specification o f any of the patents mentioned in  

this column can be obtained by sending Is. to the Patent Office, 
Southampton Buildings, Chancery Lane, London, W .C. 2, with 
a note of the number and year o f the patent.

14.522 of 1928 (321,911). H .  D .  E l k i n g t o n ,  
London. A ch lo rination  process for p y ritic  ores by  
which pure su lphur an d  m etallic  oxides are 
separated. The process uses a  d ry  tre a tm e n t of th e  
ore a t  high tem pera tu res by  a  d ilu te  ch lorinating  
agent which results in  th e  fo rm ation  of m etallic 
chlorides and  sulphur vapour.

14.523 of 1928 (306,107). C o m s t o c k  a n d  W e s t -  
c o t t ,  I n c . ,  M assuchusetts. A cyclic process for th e  
trea tm en t of pyritic  ores involving chlorination , th e  
products beingelem ental su lphur and  pure iron oxide.

23,818 of 1928 (321,927). P. T W i l l i a m s  and  
M i n e r a l s  S e p a r a t i o n ,  L t d . ,  London. Im prove
m ents in  fro th-flo tation  cells w hereby d ilu te pulp 
carrying a p reponderance of slimes m ay be drawn 
off and run in to  a slimes tre a tm e n t cell, causing the  
pulp density  in  th e  end cells to  be increased.

25,777 of 1928 (322,527). S. T u c k e r ,  London. 
The use of a sm all q u a n tity  of a cyanogen compound, 
such as an  alkali cyanide, as an  add ition  to  th e  
ordinary flo tation  reagents creosote and  x an th a te , 
is found to  im prove th e  recovery by  fro th-flo tation  
of copper concentrates ob tained  by segregation 
processes.

38,105 of 1928 (303,066). F . E .  L a t h e ,  O ttaw a. 
A m ethod of refining nickel-copper m atte . The 
m atte  is cooled rap id ly  a t  such a stage of con
version th a t  i t  re ta in s an  appreciable am ount of 
iron sulphide (2-10% ). In  th is  condition  th e  nickel 
sulphide is ex trem ely  soluble in  acid and  can be 
leached out.

3,177 of 1929 (305,102). J. A. S e e d e ,  Shenectady, 
New York. A process for th e  electro-m agnetic  
separation of' ores. The crushed m ix ture  of gangue 
and ore is passed th rough  a m agnetic field generated  
by means of coreless coils energized by  an  a lte rn a tin g  
current of high frequency, and  th e  gangue and  ore 
are forced to  follow different paths.

16,345 of 1929 (321,943). T h e  B r a d l e y - F i t c h  
C o m p a n y ,  M innesota. Im provem ents in th e  t r e a t 
m ent of m anganese ores in  order to  render th e  
m anganese co n ten t susceptible to  selective leaching 
by am m onium  salt solutions, while a t  th e  sam e 
tim e rendering th e  iron  con ten t susceptible to  
m agnetic concentra tion .

31,981 of 1929 (321,920). H . D . E l k i n g t o n ,  
London. A process for ob ta in in g  pure  sulphur and  
pure iron-oxide from  py ritic  ores by  chlorination .

NEW BOOKS, PAMPHLETS, Etc.
Copies of the books, etc., mentioned below can be obtained 
through the Technical Bookshop of The M ining Magazine, 
724, Salisbury House, London, E.C. 2.

Methods in Geological Surveying.  B y  D r .
E d w a r d  G r e e n l y  an d  D r .  H o w e l  W i l l i a m s .  
Cloth, octavo, xv i +  420 pages, illu stra ted . Price 
17s. 6d. L o ndon : Thom as M urby an d  Co.

G eochem ische  Migration der E lem ente .  Teil
II. B y P r o f e s s o r  A. F e r s m a n n .  P aper backs,
illu stra ted . Price 8 m arks. Halle (Saale) :
W ilhelm  K napp.

Geologische Karte der Erde. L ieferung 1.
B lä tte r  1—4. Scale ------- 3-----  Subscription

1 5 - 0 0 0 , 0 0 0  -c
price 1 oO m arks. Berlin : G ebrüder B orntraeger.

Coal Mining. D efinitions an d  Formulae for 
S tudents. B y M. D. W i l l i a m s .  P aper backs, 44 
pages, illustra ted . Price  6d. London : Sir Isaac 
P itm an  an d  Sons.

Q u a r r ie s :  Year 1928. L ist of Q uarries in  G reat 
B rita in  and  th e  Isle of Man. P aper backs, 454 pages. 
Price 35s. London : H.M. S ta tionery  Office.

Bulletin  of the Im per ia l  Institute. Vol. xxvii. 
No. 4. 1929. London : John  M urray.

Coal Dust. The R ela tive  In flam m ability  of Coal 
D usts : A L abora to ry  S tudy. B y  A. L. G o d b e r t  
and  R . V. W h e e l e r .  P ap er backs, 25 pages, 
illustra ted . Price 6d. Safety in  Mines Research 
Board p ap er No. 56. London : H.M. S ta tionery  
Office.

British Colum bia. Prelim inary  Review  and 
Sum m ary of M ining O perations for th e  Y ear 1929. 
Compiled by  J o h n  D. G a l l o w a y .  P aper backs, 
84 pages, illustra ted . V ictoria, B.C. ; D epartm en t 
of Mines.

Southern Rhodesia. Geological Survey B ulletin 
No. 15. (1) The Geology of th e  C entral p a r t  of th e  
W ankie Coalfield. B y B. L i g h t f o o t ,  (2) The Fossil 
F lora of th e  K arroo System  in  th e  W ankie  D istrict. 
B y J o h n  W a l t o n .  P aper backs, 83 pages, illus
tra ted , w ith  geological m ap. S a lisb u ry : The
Geological Survey.

Gold Coast Colony. R eport of th e  Mine 
D epartm en t, 1928-1929. P ap er folio, 32 pages. 
Price 2s. London : The Crown A gents for th e
Colonies.

Tanganyika Territory. The Soil an d  A gri
cultural D evelopm ent in  R elation  to  th e  Geology 
of Portions of th e  N orthern  Kigom a and  Southern 
Bukoba Provinces. B y Dr. E . O. T e a l e .  Geological 
Survey Short P aper No. 4. P ap er backs, 29 pages. 
Price 4s. D ar es S a laa m : The G overnm ent
P rin ter.

Tanganyika Territory. R eport on th e  D evelop
m en t of th e  R ufiji and  K ilom bero Valleys. B y 
A. M. T e l f o r d .  P aper folio, 75 pages, illustra ted  
w ith  m aps. Price 5s. London : The Crown Agents 
for th e  Colonies.

Western Australia. R eport of th e  D epartm en t 
of Mines, and  M ining Statistics, 1928. P aper folio, 
117 pages, w ith  num erous p lans, and  77 pages 
sta tistics . P e rth  : Mines D epartm ent.

South Australia. Annual R eport of th e  D irector 
of Mines and  G overnm ent Geologist, 1928. Paper 
folio, 8 pages. Adelaide : Mines D epartm ent.

The Contact of the Fox-Hills  and Lance  
Form ations .  B y C. E . D o b b i n  and  J. B. R e e s i d e ,  
Jr . P aper folio, 17 pages, illustra ted . U n ited  S ta tes 
Geological Survey Professional P aper 158-B, 
W ashington.

Alaska. The C handalar-Sheenjek D istrict. B y 
J. B. M e r t i e ,  J r . P aper backs, w ith  m ap. Pages 
85-139 : B ulletin  810-B : The U n ited  S tates
Geological Survey, W ashington.

Montana. The K evin-Sunburst Oil Field, and 
O ther Possibilities of Oil and  Gas in  th e  Sweetgrass 
Arch. B y A r t h u r  J. C o l l i e r .  P ap er backs, 
illustra ted . C ontributions to  Econom ic Geology, 
1929, P a r t  I I ,  pp. 57-189, W ashington : U nited  
S tates Geological Survey.
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Suspended  Matter in the  Colorado River in  
1 9 2 5 - 1 9 2 8 .  B y C. S. H o w a r d .  Paper, illu stra ted . 
W ater-S upply  P ap er 636-B ; C ontribu tions to  th e  
hydrology of th e  U n ited  S ta tes, 1929, pp. 15-44. 
W ashington : U n ited  S ta tes Geological Survey.

Mineral Raw Materials.  Survey of Commerce 
and  Sources in  M ajor In d u str ia l Countries. B y J. W . 
F u r n e s s  an d  L. M. J o n e s ,  assisted  by  F. H . 
B l u m e n t h a l .  P ap e r backs. 278 pages. Price 
45 cents. T rade P rom otion  Series No. 76, W ashing
to n  : D ep artm en t of Commerce.

The E conom ics  of the Coal Industry . B y 
R. C. S m a r t .  Cloth, octavo, 268 pages, illu stra ted . 
Price  12s. 6d. L ondon : P. S. K ing  an d  Son.

COMPANY REPORTS
Jos Tin Area (Nigeria).— T his C om pany w as 

form ed in  1910 to  w ork a lluv ial t in  d eposits  in  
N o rth e rn  N igeria . T he rep o rt for th e  y e a r  ended 
Ju ly  31 la s t  shows th a t  2 5 2 jto n s  of t in  co ncen tra tes 
was w on d u rin g  th e  y e a r as com pared w ith  206J 
tons in  th e  p revious year. T he am o u n t realized  
p e r to n  how ever was som ew hat less. T he y e a r’s 
w orking show ed a p rofit of ¿18,362 o u t of w hich 
¿9,375 has been  d is tr ib u ted  as d iv idends equal to
m % -

Batu Caves Tin Dredging.— T his com pany  
w as form ed in  th e  S tra its  Settlem ents in  1927 to  
acquire  alluv ial tin -b earin g  p ro p e rty  n e a r K uala 
L um pur, F.M.S. The rep o rt for th e  period  ended 
A ugust 31 la s t shows th a t  th e  dredge was com pleted 
in  F eb ru a ry  la s t an d  was w ork ing  well by  th e  end  
of M arch. D uring  th e  period  from  A pril 1 to  
A ugust 31 a  to ta l  of 683,000 cu. yd . w as dredged  
and  192J to n s of t in  co n cen tra tes recovered. 
Of th e  254 acres held u n d e r m in ing  tit le  11 acres 
were w orked o u t a t  th e  end of th is  period . The 
n e t profit a t  th e  end of th e  period  was $42,564, 
w hich w as carried  forw ard.

Rantau Tin Dredging.— T his com pany was 
form ed in  th e  S tra its  S e ttlem en ts in  1925 to  w ork 
alluvial t in  p ro p e rty  in  th e  S ta te  of N egri Sem bilan, 
F.M .S. T he re p o rt for th e  y e a r ended  Ju ly  31 
las t shows th a t  th e  tw o dredges trea te d  2,608,000 cu. 
yd. of ground an d  recovered  533-9 to n s  of t in  
concentra tes . T he w orking profit for th e  y ear 
was $176,294, and  th e  balance availab le  for 
d is trib u tio n  $202,054, of w hich $189,000 was 
p a id  o u t as d ividends. T he m in ing  area  has 
been increased to  1,145 acres b y  th e  acquisition  
of 40 acres of new  ground, and  a t  th e  end  of th e  
y ea r 125 acres h ad  been  w orked out.

Sungei Way Dredging .— T his com pany  was 
form ed in  th e  F.M .S. in  1924 to  w ork  a lluv ial t in  
p ro p e rty  a t  Sungei W ay, Selangor. T he rep o rt 
for th e  y ea r ended  Ju n e  30 la s t shows th a t  th e  
second dredge com m enced w ork in  D ecem ber 
1928 b u t d id  n o t w ork  well fo r several m onths, 
owing to  d ir ty  w ater. O rders have been  placed 
for a th ird  dredge. T he o u tp u t from  Nos. 1 and  2 
dredges during  th e  y ea r u n der review  was 627 tons, 
an d  20-34 acres, of th e  1,118 acres w hich  th e  
com pany  holds, w ere w orked ou t. T he gross 
p rofit for th e  y ear was $328,027 and  $185,625 
has been d istrib u ted  as d iv idends, equal to  15%.

N orthern Tavoy Tin Dredging.— T his com pany  
was form ed in  1926 to  w ork alluv ial t in  p roperties 
in  th e  H einze B asin , N o rth e rn  T avoy, B urm a. 
T he rep o rt for th e  y ea r ended M arch 31 la s t shows 
th a t  w ork on th e  No. 1 dredge has been tem p o rarily

suspended, an d  th a t  th e  No. 2 d redge on ly  com
m enced regu lar p ro d uction  in  Ju ly  last. This 
dredge produced 175 to n s  of tin -co n cen tra tes  
d u ring  th e  period  A ugust-N ovem ber, 1929.

D IV ID E N D S  D E C L A R E D
A shanti  Goldfie lds.— 40% , less tax , payable 

J a n u a ry  31.
B rit ish  Sou th  Afr ica .— 2s., less ta x , payable 

M arch 7.
Broken Hill  South.— 2s., less ta x , payable 

F eb ru a ry  26.
Changkat Tin Dredging .— Is., less ta x , payable 

Ja n u a ry  31.
E lectro lyt ic  Zinc.— 12%, less ta x , payable 

Ja n u a ry  30.
F resn il lo .— 25 cents, pay ab le  F eb ru a ry  21.
K am par  M alaya Tin D red g in g .— 9d., less tax, 

pay ab le  F e b ru a ry  28.
Kuala K a m p a r  Tin F ie lds .  —  3d., payable

F e b ru a ry  28.
Kent (F.M.S.) Tin D redg ing .— 10%, less tax, 

payable  M arch 4.
Pato  Mines (Colom bia).— 10s., less tax , pay

able Ja n u a ry  20.
Select ion  Trust.— 6d., less ta x , payable

F eb ru a ry  6.
Sunge i Way D redg ing .  —  5% , payable

Ja n u a ry  24.
Tekka.— 4£d., less ta x , payab le  M arch 4.
T ekka  T a ip in g .—  3d., less ta x , payable

J a n u a ry  31.
Tokatea.— 2 i% , less ta x , p ayab le  F e b ru a ry  1.
Zaaiplaats Tin.— 6d., pay ab le  Ja n u a ry  31.
Z am besia  Exploring.— 6d., less ta x , payable 

Ja n u a ry  31.

N E W  C O M P A N IE S  R E G IS T E R E D
A bbaye C onsolidated .— R egistered  January24 . 

C a p ita l : ¿1,000 in  Is. shares. O bjects : To adopt 
ag reem en t w ith  A bbaye D evelopm en t (in liquida
tion), etc . D ire c to rs : Col. C. R. F inch  Noyes and 
Col. B. H. O. A rm strong. Office: 1, Q ueen Victoria 
S treet, E.C. 4.

A sbestos C on so l id ated  Mines of Rhodesia.— 
In co rp o ra ted  in  S ou thern  R hodesia. British 
address, Cross K eys H ouse, 56, M oorgate, E.C. 
D irecto rs: G. B. B ernard  and  A. C hatw in , b o th  of 
Salisbury, Sou thern  R hodesia.

London Nigerian P o w er  Com pany.— 
R egistered  Ja n u a ry  17. N om inal cap ita l : ¿100,000 
in  5s. shares. O bjects : To produce, generate,
store, and  d istrib u te  e lectrical energy or power, etc. 
D irectors : B aron  B rabourne, O liver V. G.
H oare, J . H . C. E . How eson, an d  L. Hardy. 
Offices : 31 and  33, B ishopsgate, E.C. 2.

M u fu l ira  Copper  M ines .— R egistered  Feb
ru a ry  3. N om inal c a p i t a l : ¿600,000 in  2s. shares. 
O b je c ts : To acquire lands, farm s, m ines, m ineral and 
o th e r p roperties , to  ad o p t an  agreem en t w ith  the 
R hodesian  Selection T ru st, L td ., th e  Bwana 
M ’K ubw a Copper M ining Co., L td ., an d  th e  British 
South Africa Co., L td ., and  to  ca rry  on th e  business 
of m iners, m ine-ow ners, m erch an ts , engineers, 
m etallu rg ists, etc. Office : Selection T ru s t Building, 
M ason’s A venue, Colem an S treet, E .C . 2.

N ational M ineral  D e v e lo p m e n t .— R egistered 
as a  p riv a te  C om pany F eb u a ry  1. N om inal C ap ita l; 
¿10,000 in  ¿1 shares. O bjects: To develop any
process- or processes fo r th e  p ro d u c tio n  of Zinc, 
copper, lead and  o th e r  non-ferrous m eta ls . Office: 
95, G resham  S treet, E .C .2.



TH E MINING MAGAZINE

C o m p a n y  M e e t i n g s  a n d  R e p o r t s  S e c t i o n

BURMA CORPORATION, LTD.
Directors : Sir R obert S. H orne [Chairman), P . E . M arm ion (Vice-Chairman and Jo in t M anaging Director), 
A. Chester B eatty , M. L. B urnet, C. F . Clifton, J . R . G ovett, J . Hogg, C apt. O. L y tte lto n , W . S. R obinson 
(Joint Managing Director), Sir H . Strakosch, Sir T. R . W ynne. General Manager : E .H .  Taylor. Secretary:
H. Ponsford. Office: 104, S trand  R oad, R angoon. Formed 1919. Capital issued:  13,541,689 shares

of 10 rupees each.
Business : O perates th e  Bawdwin lead-zinc-silver m ine in  U pper B urm a.

The annual general m eeting of B urm a C orpora
tion, L td ., was held a t  th e  com pany 's office, 104, 
Strand Road, Rangoon, on F riday , D ecem ber 20, 
a t  11 a.m ., Mr. P . E . M arm ion presiding.

The Chairm an, in m oving th e  adoption of th e  
report and accounts for th e  y ear ended Ju n e  30 
last, said : The tonnage  m ined w as 463,057, an 
increase of no less th a n  33,212 over th e  preceding 
year, while its  average grade was 19 7 oz., Ag. 
'22-6%, Pb. 12-9% Zn, and 107%  Cu, which is 
somewhat less th a n  th e  grade for la s t year. The 
ore was mined system atically  from all ten  operating  
levels, about 25% below T iger tu n n el an d  75% 
above it, and no tonnage  w ith in  th e  lim its of th e  
stoping areas worked w as left in  th e  m ine, every
thing being ex tracted  and  railed to  th e  trea tm en t 
plants. Since th e  s ta r t  of m ining operations a t 
Bawdwin no less th a n  3,115,518 to n s of ore have 
been extracted , and  th e  continuous se ttlem ent 
of the  filling over th e  large areas from  which th is  
great tonnage has been rem oved has imposed 
a heavy stra in  on m uch of th e  tim b er placed in 
the mine from y ear to  year. H aving regard to  the  
large tonnage of ore still rem aining to  be ex tracted  
from some of th e  u pper levels, i t  has been con
sidered advisable to  provide new travelling  ways 
yet fu rther aw ay from th e  operating  stopes, and 
drives are being extended in  th e  footwall country  
rock for th is  purpose.

In  all m ines w here th e  size of th e  deposit is 
such th a t  i t  tak es years to  e x trac t fully th e  ore 
from any  one level, th e  m ain tenance  of adequate  
and safe travelling w ays to  ensure th e  com plete 
extraction of th e  whole ore body is a m a tte r  of 
extreme im portance, and  th e  fact th a t  we have 
found i t  advisable only now to  review th e  location 
of some of our early  w orkings a fte r  th e  extraction  
of over th ree  m illion to n s of ore speaks highly 
for th e  system  of stoping adopted  originally by 
the mine officials, and  for th e  m an n er in which it 
has been conducted over a num ber of years. I 
have had occasion during th e  la s t fo rtn ig h t to  
exam ine carefully th e  underground workings 
throughout th e  m ine and am  pleased to  advise 
th a t th ey  are in  a thoroughly  satisfactory  con
dition. A great deal has been done during the  
year to  finalize th e  work of v en tila tin g  in th e  upper 
levels, which was en tirely  disorganized by th e  
unfortunate  m ine fires, and  direct connexion w ith 
the  ven tilating  fans installed  a t  th e  surface has 
now been established in  all sections underground.

The production of refined lead  a t  78,716 tons 
reached th e  h ighest figure y e t recorded, and 
represents an  increase of 6,328 tons, or 8 7% , 
over th e  preceding year, while th e  refined silver 
o u tpu t a t  7,376,841 oz. w as also a record, being 
an  increase of no less th a n  422,176 oz., or 6 1 % .

These record productions were ob tained  m ainly 
because of th e  progress m ade in  m etallurgical 
efficiency, for, no tw ithstand ing  th e  larger tonnage 
ex tracted  from th e  m ine, i t  contained only 3 6% 
m ore lead and  actually  1 3% less silver th a n  th e  
preceding year.

The tonnage  of zinc concentra tes fell from 
62,195 to  60,180, due m ain ly  to  th e  reduction  in 
th e  grade of ore milled from 161 to  141%  zinc, 
and also p a r tly  to  an  im provem ent in th e  grade 
of concentra tes shipped from 49 9 to  51 -6% zinc. 
The production of concentrates from  accum ulated 
tailings was 5,780, against 3,973 to n s in  th e  p re
ceding year. T he percentage recovery im proved 
from 54 79 to  56 96% .

The zinc co n ten t of th e  ore developed below' 
Tiger Tunnel level is subject to  g rea t va ria tio n s 
in grade from different sections of th e  m ine, and 
generally is lower th a n  th e  ore reserves above 
th a t  horizon. Since an  increasing tonnage will be 
m ined below Tiger Tunnel in  fu ture  years th e  
grade of zinc in  th e  ore to  be trea ted  is likely to  
fluctuate ra th e r more th a n  it  has in th e  past.

As forecasted la s t year, th e  production  of copper 
m atte  has been reduced from 12,388 to  10,719 tons 
following th e  reduction in th e  grade of th e  ore 
m ined to  accord m ore closely w ith  th e  reserves 
available. There are considerable tonnages of 
copper ore of a  som ew hat lower grade available 
in certain  sections of th e  m ine tow ards th e  profitable 
trea tm en t of which a tten tio n  is now being 
directed.

R egular shipm ents of an tim onial lead and copper 
nickel speiss were m ade th roughout th e  year, in 
bo th  of w'hich an  increased production was 
recorded.

Of alm ost equal im portance to  th e  actual pro
duction of m etals is th e  price a t  which th ey  can 
be realized. Fortunate ly , th e  prices of those 
m etals which concern our revenue rem ained fairly 
stable th roughout th e  year w ith th e  exception of 
copper, w'hich im proved very considerably. The 
average price of lead was £22 13s. 6d., an  increase 
of / I  4s. over th e  preceding year, which, together 
w ith  our increased production, im proved our 
revenue from  th is  m etal by  no less th a n  ¿286,000. 
Only a slight decline was recorded in  th e  price of 
silver, th e  effect of which was m ore th a n  offset 
by  increased production. Spelter showed a decline 
of 12s. 4d. p er ton , which, to gether w ith our 
decreased production, adversely affected our 
revenue to  th e  ex te n t of ¿57,000. T he price of 
copper h ad  th e  very  im p o rtan t gain of ¿14 4s. 3d. 
per ton , so th a t,  n o tw ithstand ing  a decline in p ro 
duction of 1,669 tons of copper m atte , our revenue 
from  th e  sale of th is  com m odity was increased by 
over ¿50,000.
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T h e  g r o s s  r e s u l t  o f  t h e  s a l e  o f  t h e  w h o le  o f  o u r  
h a s  p r o d u c t i o n  a t  t h e  p r i c e s  p r e v i o u s l y  m e n t i o n e d  
b e e n  t o  i n c r e a s e  o u r  r e v e n u e  b y  o v e r  ¿ 2 9 7 ,0 0 0 ,  o r  R s .
3 9 ,5 7 ,0 0 0 ,  w h e n  c o m p a r e d  w i t h  t h e  p r e c e d i n g  y e a r .

T urn ing  now  to  th e  profit and  loss account, 
you will find th a t  th e  to ta l  o p erating  expenditu re  
is ab ou t ¿8,000 less th a n  th e  preceding year, 
n o tw ithstand ing  th e  m ining and  tre a tm e n t of an  
add itional 33,212 to n s of ore. T his is equ iva len t 
to  a  decline in  th e  to ta l  o p erating  expenditu re  
of a lm ost 8s. p er to n  of ore m ined and  trea te d , 
w hich h ighly satisfac to ry  result, I am  sure you 
will agree, is fu rth e r evidence of th e  real progress 
m ade during th e  year. T he trad in g  account d is
closes a  gross p rofit of ¿1,566,733, and  a fte r  p ro 
v iding for loss on  exchange, depreciation, incom e 
an d  super tax , th e  n e t profit resu lting  from  th e  
y e a r’s operation  is ¿1,054,842, th e  h ighest figure 
ever recorded b y  th e  corporation . O u t of th is  
am o u n t dividends Nos. 12 and  13 w ere paid , 
absorbing, w ith  bonuses, ¿1,015,626, leaving a 
b alance of ¿39,216 to  be added to  th e  c a rry 
forw ard .

T he tonnage  of ore reserve in  th e  m ine is se t 
o u t in  d e ta il in  th e  general m an ag er’s report. 
D uring  th e  period developm ent enabled 511,275 
tons to  be b rough t in to  reserve, aga in st 463,057 
to n s  ex tracted , bring ing  th e  to ta l of reserves to  
4,140,969, against 4,092,751 tons th e  preceding year, 
a n  increase of 48,218 tons. T he grade of th is  large 
tonnage  rem ains p ractically  unaltered , The resu lt 
of th e  y e a r’s work was, therefore, h ighly satisfacto ry  
b o th  as regards grade an d  to n n ag e  developed.

T he w ork of opening up th e  C hinam an and  Shan 
sections on No. 9 level was energetically  prosecuted 
and , as po in ted  o u t la s t year, th e  geological con
d itions in  th e  form er were som ew hat d istu rbed  
b y  th e  bed of sedim ents encountered  in  th e  south  
end of th e  m ine. A lthough these  sedim ents have 
n o t been  w ithou t th e ir  d istu rb ing  influence, I am 
p leased to  say  th ey  do n o t ap p ea r to  be as extensive  
as a t  first expected ; fu rtherm ore, w here in te r 
sected, th e  rhyo lite  underly ing  th em  has been 
proved favourable for m ineral deposition as 
disclosed by  th e  w idths and  value of ore in te r 
sected in  crosscuts a t  1,389, 1,499, and  1,589 sou th . 
W inze 740 sou th  h as been extended from  No. 9 
to  No. 10 level, m ainly  in  th e  sedim ents lying  
to  th e  eas t of th e  ore channel, and  developm ent 
w ork to  th e  w est of i t  is now proceeding in  o rder to  
expose th e  ore body. T he to ta l ton n ag e  of ore 
developed in  th e  C hinam an section during  th e  
y ear w as 286,677.

L as t year I referred to  th e  increasing im portance 
of th e  Shan  section in  d ep th , and  I am  glad to  
s ta te  th a t  th e  y e a r’s results support th is  view as 
regards No. 9 level by  com parison w ith  levels 
above it. T he five cross-cuts in  th e  Shan a t  th is  
level have  exposed w id ths and  values in  excess of 
an y th in g  disclosed on an y  level in  th e  sam e lode 
h ith e rto , and  th e  s tren g th  of th e  lode a t  th e  fa rth e s t 
n o rth  p o in t appears to  lend support to  th e  possibility  
of th e  ore body ex tending  in  th a t  d irection  in  
conform ity  w ith  its  n o rth erly  p itch . T he y e a r’s 
work in  th e  Shan  section added 224,598 to n s to  
th e  ore reserve, having th e  rem arkab ly  high average 
of 25 4 oz. Ag, 3 3 1 %  Pb, and  10 8%  Zn. The 
M arm ion sh aft in  th is  section  was sunk to  No. 10 
level, an d  th e  first cross-cut from  i t  in te rsecting  
th e  Shan  lode exposed 36J ft. of ore averaging

16 2 oz. Ag, 19-7% Pb , 18-5% Zn, w hich  is of 
reduced w idth , b u t of sim ilar value  to  th e  cross-cuts 
a t  th e  tw o levels im m ed ia te ly  above. T he work 
of exposing fully th e  Shan  lode a t  th is  level is 
m aking  good progress, an d  resu lts  will be published 
in  th e  Press as developm ent proceeds, in  accordance 
w ith  usual p ractice .

L as t y ea r I referred  to  th e  in tro d u c tio n  of a 
vigorous policy of exploration  outside an d  beyond 
th e  areas to  which developm ents h ad  been confined 
h ith e rto . T he developm ent covered in  drives and 
cross-cuts exceeded th a t  of th e  preceding year 
b y  3,000 ft., all of w hich w as in  connexion with 
th is  p rogram m e of exp loration , an d  I am  pleased 
to  say  our efforts have been rew arded  w ith  definite 
success in  tw o directions.

E a s t cross-cuts a t  Nos. 1, 2, 3, an d  4 levels 
exposed v a ry in g  w id ths of p ayab le  ore in  several 
footwall veins, and  d riv ing  no rth w ard s a t  No. 1 
level in  th e  B aw dw in fau lt zone is being  pushed 
on w ith  th e  object u ltim a te ly  of com ing under the 
gold-hole w orkings w here copper-lead ore appears 
to  have  been discovered by th e  an cien t Chinese.

R ig h t a t  th e  o th e r end of th e  m ine on  No. 2 
level, sou th  of th e  H senw i fau lt, cross-cuts have 
been extended  a t  3,102, 3,302, 3,702, an d  3,902 ft. 
south , and  in  each case old and  extensive Chinese 
w orkings have  been discovered.

I t  is too  early  y e t to  express a n y  definite opinion 
on th e  full ex te n t of th is  new discovery, b u t with 
a view  to  p rospecting  for th e  dow nw ard continua
tio n  of these  an c ien t w orkings, a sou th  drive is 
being ex tended  to  come u n d er th em  a t  No. 4 
level as well as a cross-cut from  T iger Tunnel 
a t  No. 6 level.

A t la s t y e a r 's  m eeting  I advised  you of the 
large tonnage  of low-grade ore available  in the 
m ine, a p a r t  from  th e  tonnage  of h igh-grade m aterial 
w ith  which you are  all fam iliar, and  s ta ted  th a t I 
hoped to  be in a position  to  ind ica te  m ore definitely 
our in ten tio n  regard ing  i t  th is  y ear. The existing 
m illing p la n t is being ex tended  to  increase its 
capacity  u ltim ate ly  by  15,000 to n s per month, 
ra ising it  to  45,000 to n s p er m on th , w ith  th e  object 
of u tilizing  such p o rtio n  of th is  low-grade ore 
as is capable of profitable tre a tm e n t. W hen this 
add itional m illing p la n t is available  it will be 
possible to  con tem pla te  a reduction  in  th e  average 
grade of ore trea te d  w ithou t d e tr im en t to  profit 
a t  sim ilar m eta l prices. T his would be a tta ined  
by  decreasing th e  to n n ag e  of h igh-grade ore now 
being milled and  supplem enting  i t  w ith  a  larger 
tonnage  of th e  lower grade m ateria l, th e  effect 
of which would be to  ex tend  considerably the 
know n life of th e  m ine on th e  basis of its  reserve 
of high-grade ore.

In  add ition  to  th e  extensions and  alterations 
to  our m illing p la n t we have  effected various 
im provem ents to  our sm elte r and  refinery and 
added to  ou r hydro-electric  s ta tio n  a t  Mansam 
Falls. T he cap ita l sp en t u n d er th is  head ing  has 
been w ith  th e  definite object of effecting economies 
and  im proving efficiency in  our sm elte r depart
m en t, and  increasing  th e  genera ting  capacity 
of o u r hydro-electric p la n t to  m eet consum ptive 
dem and. O ur tre a tm e n t costs p e r to n  of ore mined 
are  th e  low est on  record, an d  over-all sm elter 
recoveries th e  h ighest, while th e  u n its  generated  at 
th e  hydro-electric  p la n t reached  th e  record figure 
of 43,727,065.
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In  connexion w ith  th e  hydro-electric p lan t, 
it will in te res t you to  know th a t  th e  a lte ra tio n s 
and extensions to  th e  flume, forebay, and  spillway— 
started  in  1924 and  com pleted by  th e  add ition  
of a  4,000 kw. se t th is  year— have enabled th e  
station  to  keep pace w ith  th e  increasing  requ ire
m ents a t  N am tu  and  B awdwin excep t for one or 
two of th e  d riest m onths, n o tw ithstand ing  th e  very  
great increase in  th e  dem and for electrical energy 
meanwhile.

In  reviewing th e  m eta l position I prefer to  
make no a tte m p t to  forecast th e  fu ture, as I regard 
such a step  in  p resen t world conditions as im pruden t. 
I shall, however, place som e facts and  figures 
before you, re la tive  principally  to  th e  y ea r 1928, 
which m ay enable you to  form  your own opinions.

The world production  of lead for 1928 was
1.650.000 tons, an  increase of ab ou t 30,000 tons 
over the  estim ate  I quoted la s t year. Consum ption 
reached a sa tisfactory  to ta l of 1,610,000 tons, 
from which i t  can  be said th a t  p roduction  and 
consum ption rem ained evenly balanced. The 
estim ated production  for 1929 is abou t 1,700,000 
tons and, as fa r as it  could be ascertained , con
sum ption was ru nn ing  a t  a sim ilar figure up to  
the end of Septem ber last.

The world production  of spelter for 1928 was
1.410.000 tons, an  increase of 20,000 to n s over 
the estim ated figure quoted  a t our la s t m eeting. 
Consumptive dem and was 1,400,000 to n s ; an  
entirely sa tisfactory  result. T he estim ated  p ro 
duction for 1929 is ab o u t 1,440,000 to n s and, while 
consum ption during  th e  first ha lf of th e  y ear was 
running a t  a sa tisfacto ry  figure, th ere  has been a 
slackening off during  th e  second half, and  th e  
present position is obscure. I t  can, however, be 
said th a t  th e  level to  which price has now fallen 
is entirely unprofitable for those m ines which have 
to regard th e  m etal as a prim e procluct and, indeed, 
only barely profitable for an y  m ine w here tra n s 
portation charges to  th e  w orld 's m arke ts are heavy.

The world production  of copper for 1928 was
1.682.000 tons, a decrease of 8,000 tons below th e  
estim ated figure quoted  la s t year. D em and 
remained satisfactory  th roughou t th e  period, w ith 
the stock position showing a decline a t  th e  close. 
The estim ated production  for 1929 is 1,900,000 
tons. C onsum ption during  th e  first half of th e  
year was reported  to  have been on an  increased 
scale, w ith  th e  resu lt th a t  visible stocks were 
decreased, a condition reflected in  th e  price during 
the m onths of M arch and April. In  th e  present 
disturbed s ta te  of finance and ind u stry  th e  outlook 
is uncertain , b u t th e re  is a sufficient m easure of 
agreem ent am ong producers to  expect th a t  o u tp u t 
will be adjusted  to  accord w ith  consum ptive dem and 
in the  in te rests of reasonable stab ility  of price.

The world production  of silver for 1928 was 
257,980,061 oz., an  increase of nearly  4,000,000 oz. 
over th e  preceding year. Fo r th e  first half of 
1929 there  was a  slight decline in  th e  world figure, 
and it  is probable th e  second half will show a still 
greater decline in  consequence of th e  continued 
weakness of th e  m etal. Since th e  close of our 
financial year th e  price of silver, as you no doubt 
are all well aware, has suffered a serious decline, 
which n a tu ra lly  has no t been w ithou t its  effect 
on our profits, seeing th a t  each p enny  on an  annual 
production such as ours m eans a loss or gain of 
about £30,000.

I referred las t y ear to  th e  connexion betw een 
th e  price of silver and th e  p rosperity  of th e  non- 
ferrous m ining industry , and  I adhere  to  th e  con
viction th a t,  if th e  decline in  th e  price of silver is 
to  be p erm anen t, i t  m ust have  its  reflection 
u ltim ate ly  in  an  increased price for those non- 
ferrous m etals w ith  which it  is usually  found in 
m ineral association. The reason for th is  view  will 
be ap p aren t when i t  is realized th a t  probably  no t 
less th a n  175,000,000 oz. of th e  w orld’s production  
of silver for 1928 em anated  as an  incidence of th e  
production  of copper, lead an d  zinc. The value of 
th is  production  a t  th e  average price ruling for silver 
during  1928 w as abou t £21,000,000, while its  value 
a t  to -d ay ’s price is abou t £17,000,000, representing  
a loss to  th e  non-ferrous m ining in d u stry  of 
£4,000,000, equal to  an  average of nearly  £1 pe r ton  
on th e  world production  of copper, lead and spelter.

I now pass on to  th e  in te res ting  sub ject of 
dividend paym en t, and  I am  sure you will all 
have  been pleased to  find th a t  we were able to  
declare for th e  cu rren t half-year a dividend a t  
th e  sam e ra te  as th a t  paid  for th e  first ha lf of 
la s t year, n o tw ithstand ing  th e  heavy  fall in  th e  
price of silver and  spelter meanwhile.

I t  is alw ays a g reat pleasure to  give expression 
to  th e  indebtedness we feel to  our general m anager 
and  to  all m em bers of his staff for th e  excellence of 
th e  work accomplished in  all departm ents. We 
do n o t forget th e  excellence of th e  executive work 
which falls to  th e  lot of our Rangoon and London 
secretaries, Mr. Ponsford and  Mr. Anderson, and 
th e ir  respective staffs. I t  is also a pleasure to  refer 
to  th e  assistance we receive from th e  B urm a 
R a ilw ay san d th eau th o ritie s  of th e  P o rt of R angoon.

In  endeavouring to  give you a com plete p ictu re  
of your com pany’s affairs, m y rem arks have 
extended to  g reater leng th  th a n  in tended, but, 
if asked to  sum m arize th e  position in a few words, 
I  would say  th e  condition of th e  m ine is sound 
an d  th e  outlook for th e  m ain tenance of our strong 
ore reserve position as favourable as ever. Our 
trea tm e n t p lan ts  are in  course of extension and, 
w herever advisable th e  la te s t and  m ost efficient 
m achines are being installed to  supplem ent or 
replace existing units, and  we are confident, when 
th e  tim e  arrives for th em  to  go in to  operation, 
th a t  our expectations of trea tin g  a larger tonnage 
m ore efficiently and  a t  considerably lower cost 
th a n  in  th e  p a s t will be fully realized. All is, 
therefore, sound and well a t  th e  operating centre 
w ithou t any  app aren t sign of weakness. On th e  
o th e r hand , we all recognize th a t  we are passing 
th rough  a period of trad e  depression, which has 
n o t been w ithou t influence on th e  dem and for 
m etals as well as th e ir  prices, a  condition which 
n a tu ra lly  does n o t leave us free from  anxiety . 
A p art from  th is  unfavourable feature th e  general 
condition of our business is entirely  satisfactory, 
and  th e  streng th  of th e  financial position we have 
bu ilt up enables us to  envisage th e  difficult tim es 
we are now experiencing w ith  a degree of equanim ity  
and  confidence th a t  otherw ise would n o t be possible.

I have now m uch pleasure in  m oving : T h a t
th e  d irec to rs’ rep o rt and  accounts for th e  year 
ending June  30, 1929, as subm itted  a t  th is  m eeting, 
be received and  adopted.

Mr. Clifton : I have g reat pleasure in  seconding 
th e  resolution.

The resolution w as unanim ously carried.
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A P E X  (TRINIDAD) OILFIELDS, LTD.
Directors : W alter M aclachlan (Chairman and M anaging Director), George R . A irtli (M anaging Director), 
W . T. A nderson, D r. W . Cullen, T. G. G ran t, H . L im ebeer, F . A. R obinson. Secretary : S. H . Stacey. 
Office: 208-224, Salisbury House, L ondon, E.C. 2. Formed 1919. C apita l:  £500,000 in  5s. shares.

Business : O perates oil lands in  T rin idad .

T he te n th  o rd inary  general m eeting  of A pex 
(Trinidad) Oilfields, L td ., was held on J a n u a ry  16 
a t  W inchester H ouse, London, E .C ., Mr. W alter 
M aclachlan (Chairm an and  jo in t m anaging director) 
presiding.

The C hairm an, in  m oving th e  adoption  of th e  
rep o rt and  accounts for th e  yea r ended S ep tem ber 30 
last, said  th e  profit for th e  y ea r w as £313,208, 
an  increase of £66,779 as com pared w ith  th e  
previous y ear. T he d irectors recom m ended th e  
p ay m en t of a  final d iv idend of 30% , less tax , 
m aking a  to ta l  d iv idend of 5 2 |%  for th e  year. 
D uring  th e  y ea r u n d er review  a fu rth e r general 
fall to o k  place in  th e  m ark e t value of oil, w ith  th e  
result th a t  th e  prices realized from  th e  sale of 
th e ir  p roduction  were m ate ria lly  reduced. As 
com pared w ith  th e  previous year, how ever, th e  
increase in  th e ir  p roduction  b y  119,553 tons served 
to  m ore th a n  m eet th e  fall in  prices, so th a t  th e  
oil profits were increased  to  th e  ex te n t of £99,127. 
As ind ica ting  th e  effect th a t  th e  continually  
increasing fall in  prices h ad  had  upon th e ir  profits, 
he would p o in t o u t th a t  h ad  th e y  been able to  
realize for th e ir  la s t y ea r 's  o u tp u t th e  prices which 
th e y  ob tained  th ree  years ago, th e  profits, instead  
of being  £313,000, would have  am ounted  to  well 
over 100% on th e  p resen t cap ital. How ever, 
in  sp ite  of these  adverse conditions in  th e  realiza
tio n  of th e ir  production , which were com m on to  all 
oil-producing undertak ings, he th o u g h t th ey  would 
agree th a t  th e y  had  good reason for considerable 
satisfaction  w ith  th e  results which have  a tten d ed  
th e ir  operations for th e  y ea r under review.

T he p roduction  of oil for th e  y ea r w as 414,328 
tons, as com pared w ith  294,775 tons for th e  previous 
year. This production  co n stitu ted  a  fu rth er 
record o u tp u t and  w as ob tained  from  110 wells. 
T he production  for th e  first th ree  m onths of th e  
cu rren t financial year h ad  been 103,690 tons, 
th u s m ain tain ing  p ractically  th e  average ra te  of 
production  for 1928-29. T he to ta l  production  
of th e ir  oilfield up  to  Decem ber 31 la s t had  been 
approx im ate ly  1,800,000 tons, and  it  was an tic ipa ted  
th a t  during  th e  cu rren t y ea r th ey  would produce 
ab o u t 35%  of th e  en tire  oil production  of T rin idad. 
The oil delivered to  T rin idad  Leaseholds and  th a t  
used in  th e ir  own operations during  th e  year 
am ounted  to  414,212 tons, th e  average price 
realized, as a lread y  ind icated , being lower th a n  
th a t  for th e  preceding year. A dditional purchases 
of p ro p erty  had  been m ade, including b o th  surface 
and  oil righ ts, an d  th e  oil righ ts controlled a t  
Septem ber 30 la s t  am ounted  to  3,354 acres. This 
included, approx im ately , 2,000 acres of Crown lands 
im m ediately  to  th e  sou th  of th e ir  oilfield, which 
was held u n d er p rospecting  licence from  th e  
G o v e rn m en t; a G overnm ent m ining lease w as 
being g ran ted  in  respect of 245 acres of th is  a rea . 
A n o ther p rospecting  licence over a  fu rth e r a rea  
of ab o u t 265 acres was being gran ted , and  applica

tio n s h ad  also been filed for ad d itio n al areas 
im m edia tely  a d jacen t to  th e ir  oilfields.

D uring  th e  y ea r 36,651 ft. w as drilled, making 
a to ta l footage of 206,433 ft. F ive wells which 
had  been s ta r te d  p rio r to  O ctober 1, 1928, were 
drilled to  com pletion, fou rteen  new wells were 
com m enced an d  com pleted, tw o  wells were 
deepened an d  again  b ro u g h t in to  production, 
an d  five fu rth e r wells w hich had  been started 
were in  progress a t  th e  end  of th e  year. Of the 
tw en ty -one  wells w hich were b ro u g h t in  during 
th e  year, none were failures, an d  th e  incidence 
of good producers w as considerably  b e tte r than 
during  th e  preceding y ear. V ery satisfactory 
resu lts a tten d ed  drilling  w ith  th e  object of 
ex tend ing  a lready  te s ted  areas, while th e  increase 
in  o u tp u t spoke for th e  success of th e  operations 
which were d irected  tow ards m ain tenance and 
increase of production . A considerable amount 
of offset drilling h ad  ag a in  to  be included in 
th e  program m e, b u t a lm ost all th e  wells which 
were drilled u n der those conditions proved reason
ab ly  good producers.

W ith  regard  to  th e  deep wells drilled to  test 
th e  sou thern  area , No. 69 con tinued  in  small 
production , pend ing  th e  com pletion  of an  air-lift 
in sta lla tio n  ; No. 92 con tinued  to  be deepened 
for purposes of exp lo ra tion , an d  No. 122, a third 
deep well ad jacen t to  No. 69, h ad  supplied valuable 
in form ation  by  com ing in  as a good flowing well. 
The resu lt of these  th ree  wells h ad  been to  increase 
v ery  largely  th e  proved  a rea  of th e  property, 
and  th e y  had  p leasure in  rep o rtin g  th a t  th e  develop
m en t of th e  p ro p e rty  as a  whole w as being attended 
w ith  m ost sa tis fac to ry  results , which in every 
respect confirm ed th e ir  com plete confidence with 
regard  to  its  fu ture.

H e knew  th e y  would expect a n  expression of 
view s as to  th e  ou tlook for th e  cu rren t financial 
year. As he  h ad  a lread y  s ta ted , th e ir  output 
was being m ain ta in ed  a t  p ractica lly  th e  same rate 
as la s t year, and  th e re  w as every  prospect that 
th e  o u tp u t for th is  y e a r would n o t be less than 
th a t  for th e  y e a r  u nder review . T he continued 
general over-production , how ever, m ade it  difficult 
to  deal w ith  th e  outlook  as reg ard s th e  realization 
of th e ir  o u tp u t, as th e y  were q u ite  unable to  make 
a n y  forecast as to  th e  course of prices. He could 
only  express th e  hope th a t  early  success would 
a tte n d  th e  efforts for th e  restric tio n  of output 
in  th e  U nited  S ta tes, upon  which th e  oil industry 
was d ependen t for a n y  m ateria l im provem ent in 
prices.

He would conclude by  expressing th e ir  thanks 
to  th e  m anagem en t in  T rin id ad  for th e  m ost loyal 
and  efficient service w hich Colonel H icklm g and 
his staff con tinued  to  ren d er to  th e ir  company, 
an d  he w as c e rta in  th a t  i t  would be  th e ir  wish 
to  associate them selves w ith  th is  expression of 
th e ir  sincere apprecia tion .

Mr. George R. A irth  seconded th e  resolution, 
which w as carried unanim ously.
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ASH A N TI GOLDF1ELDS CORPORATION, LTD.
Directors : Jerem iah  Colman (Chairman), Lord Luke (Deputy Chairman), J . H . B a tty , O. V. G. 
Hoare. Consulting Engineer : J . S. W atk ins. M ines M anager : G. W. E a to n  T urner. Secretary : H orace 
Morgan. Office: 6, Sou tham pton  Street, H olborn, London, W .C. 1. Formed 1897. C apita l:  ¿250,000

in  4s. shares.
Business : O perates a gold m ine in  th e  Gold C oast Colony.

R e p o r t  a n d  A c c o u n t s  o f  t h e  D i r e c t o r s  s u b 
m i t t e d  t o  t h e  T h i r t y - t h i r d  O r d i n a r y  
G e n e r a l  M e e t i n g  o f  S h a r e h o l d e r s  h e l d  
o n  J a n u a r y  30, 1930.

The D irectors herew ith subm it th e  S ta tem en t of 
Accounts for th e  year ended Septem ber 30, 1929. 
The share cap ital rem ains unaltered  a t  ¿250,000 ; 
the reserve account is increased to  ¿250,000 by 
the transfer of ¿50,000 from Profit an d  Loss Account 
sanctioned a t  th e  la s t annual m eeting. The ore 
treated  was 108,007 tons for a  yield of 118,095 oz. 
of fine gold and  6,570 oz. of silver. In  addition ,
41 oz. of fine gold were recovered from  sundry
sources. T otal recovery averaged 21 88 dwt. 
per ton. per ton.

£ s. d. s. d.
The total income was . . . .  513,615 1 1 =  95 1*3
The working costs, general expenses and 

other charges in W est A frica and London 
w e r e ..................................................... 211,016 3 10 =  39 0-9

Showing a gross profit of . . 302,598 17 3 =  56 0-4
Less:—

£ s. d. s. d.
Cost of mines 

development 42,793 3 7 =  7 111
G o v e rn  m e n t  

royalty . 25,122 1 4 =  4 7-8
Amount w ritten 

off main shafts 
and for de 
preciation of 
plant,m achin
ery, etc. . 31,099 6 2 =  5 9-1

-------------------    99,014 11 1 =  18 4-0

Leaving a net profit (subject to 
income tax) for the year of . . 203,584 6 2 =  37 8-4

To which m ust be added the credit balance 
of Profit and Loss Account, after pay
ment of final dividend, 1927-28, and the 
transfer of £50,000 to  Reserve Account 59,176 13 3

Balance to  be appropriated . .£262,760 19 5

An in terim  dividend of 25% was paid on Ju ly  31 
last, and th e  D irectors recom m end th e  paym en t of 
a final dividend of 40% , less incom e ta x  a t  4s. in 
the  ¿, payab le  on Ja n u a ry  31 n e x t ; these 
d istributions will m ake 65% for th e  year, and  will 
absorb ¿162,500 of th e  before-m entioned profit. 
The D irectors propose to  tran sfer ¿30,000 to  an  
Exploring Account, ¿2,000 to  estab lish  a 
Benevolent Fund, and  ¿5,000 to  form th e  nucleus 
of a Pensions Scheme, leaving th e  sum  of 
¿63,260 19s. 5d. to  be carried forw ard to  th e  c redit 
of Profit and  Loss Account. Com pared w ith  th e  
previous year, th e re  is an  increase of ¿40,144 Is. 3d. 
in th e  profit earned. The cost pe r to n  of m ining, 
trea tm en t and  general services was 39s. Id . 
as com pared w ith  40s. 9d. la s t year, a decrease of 
Is. 8d. This was offset by  an  increase in  develop
m ent due to  th e  larger footage m ade, and in G overn
m ent royalty  due to  th e  h igher grade of ore trea ted . 
The to ta l cost p er to n  was 57s. 5d., th e  sam e as 
las t year.

The ore reserves in A shan ti m ine a t  Septem ber 30 
were 590,200 tons (an increase of 40,800 tons) of 
an average value of 25’2 dwt. (an increase of 1 dwt.). 
There is no a lte ra tio n  in th e  figures given la s t year 
for blocks of ore in A shanti, Ayeinm  and  Ju s tice ’s

Mines, which are, a t  p resen t, classed as "  un 
payab le ,"  and  w hich are  n o t included in  th e  
reserves.

The m etallurgical trea tm e n t gave a  theoretical 
ex tractio n  of 92'7%  and  th e  tonnage was increased 
by 5,022 tons. A lthough th e  im provem ents and  
reconditioning of th e  C entral T rea tm en t P la n t have 
no t y e t been com pleted, such progress was m ade 
as to  enable a larger tonnage to  be handled.

The D irectors have to  record, w ith  deep regret, 
th e  dea th  in  M ay last, of th e ir  esteem ed colleague, 
Mr. Charles W. M ann, who had been connected w ith 
th e  Com pany from its  beginning. Mr. Oliver V. G. 
H oare was appointed  to  fill th e  vacancy  on th e  
Board. g y  O rder of th e  Board,

H o r a c e  M o r g a n ,
London, W.C. 1. Manager and Secretary.

January  21, 1930.
E x t r a c t s  f r o m  C o n s u l t i n g  E n g i n e e r ’s  R e t o r t .

U nderground operations were again  confined to  
th e  A shanti Mine. The to ta l developm ent footage 
accom plished am ounted to  10,358 ft., as com pared 
w ith  8,435 ft. th e  previous year.

No sinking was done on th e  m ain  shaft, b u t th e  
repairs m entioned in  th e  las t report were effected. 
T he T im berw ay was sunk  100 ft. and  is now 
equipped for haulage from  th e  23rd level. This 
shaft is now th rough  th e  reefs and in settled  country, 
sim ilar to  th a t  in  th e  M ain Shaft. V entilation 
shaft was carried down a fu rth er 200 ft. The n o rth 
east extension of th e  sand-filling pass, from 15 level 
to  21 level, en tailing  some 600 ft. of rising and 
winzing, together w ith  abou t 400 ft. of cross
cutting , was com pleted, and  sand can  now be passed 
from  th e  surface dum ps down to  th e  no rth -east 
end of 21 level.

L atera l developm ent on th e  tw o reefs was carried 
on a t  all levels from  19 to  24. W hile th e  exposures 
of new ore have no t been so spectacular as during  
th e  previous tw o years, th ey  have been good enough, 
no t only to  m ain ta in  th e  ore reserve position, b u t 
to  im prove it, both  as to  tonnage and  grade—  
and th a t  a fte r  a record y e a r’s o u tpu t. T he following 
are th e  chief po in ts of in te r e s t : On th e  Obuasi 
Chute te s t  cross-cuts have exposed ore of good 
w idths and  values a t  b o th  22 and 23 levels. These 
perm it of a considerable tonnage  of new ore being 
tak en  in to  th e  reserves, and  have th e  effect of ju s t 
abou t m ain tain ing  th e  to ta l tonnage in  th e  Obuasi 
Chute and  of increasing  th e  average grade of th e  
ore in  sight on th a t  ore body b y  abou t TO dwt. 
T he "N e w  M a k e ” is developing ve ry  nicely 
upw ards from 22 level and  to  th e  south-w est, while 
th e  fact th a t  q u a rtz  of high grade and  good w idth 
has been proved to  ex ist r ig h t down to  24 level is 
justification  for believing th a t  when we get through 
th e  d isturbed zone (caused perhaps by  th e  junction  
of th e  reefs) which we have been passing through 
from 19 level downwards, m ore norm al conditions 
m ay  prevail.

A new and  larger fan  was installed  a t  th e  m outh  
of th e  ven tila tion  shaft early  in th e  year, and  a ir 
conditions in th e  m ine are now very  satisfactory.
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V E N T U R E  TRUST, LTD.
Directors : A rth u r A. B aum ann  {Chairman), G. G oldthorp H ay , W alte r M aclachlan, H arcourt
S. M iddleton. Secretary : E . F a irw eath er. Office : P inners H all, A ustin  F ria rs , L ondon, E.C. 2. 

Formed 1919. Capital issued : ¿246,205 10s. in  10s. shares.
Business : C arries on a  financial and  in v estm en t business.

T he te n th  o rd in ary  general m eeting  of th e  
V enture  T ru st, L td ., w as held on  F e b ru a ry  5 a t  
W inchester House, Old B road S treet, E .C . Mr. 
A rth u r A. B aum ann  (C hairm an of th e  com pany) 
presided.

T he C hairm an in  m oving th e  adop tion  of th e  
rep o rt and  accounts for th e  y ea r ended D ecem ber 31 
last, said : O ur trad in g  profit from  dividends,
in te res t and  realized profits on th e  sale of securities 
am oun ts to  ¿17,224. A gainst th a t ,  on  th e  o th e r side 
of th e  balance-sheet, th ere  is a loss by  deprecia tion  
of investm en ts , including th e  in v es tm en t and  
incom e-tax  reserve accounts, am oun ting  to  ¿43,405, 
leaving to  be carried  to  th e  balance-sheet a n e t 
deficit of ¿30,163. T h a t, of course, is n o t a  loss. 
I t  is m erely th e  resu lt of a m ark e t va lu a tio n  on 
D ecem ber 31 la s t of th e  securities you hold and 
have pa id  for. A lready, I am  glad to  be able to  tell 
you, ¿7,000 of th a t  deficit has been recovered in 
m ark e t quo tations. T h a t leaves you w ith  ¿23,000 
w hich I would like  to  call your "  cold sto rage ” 
investm ents . T h a t is to  say , th e y  are  n o t tak e n  
in to  th e  accounts only because th ey  have no m ark e t 
q u o tation , and  n o t because th e  d irectors believe 
th a t  th e y  do n o t have  a fu tu re  su b s tan tia l value. 
W e believe th a t  th e y  have, b u t to  be q u ite  safe, 
a n d  w ith  th a t  d rastic  conservatism  w hich I am  
sure you will all app rec ia te , we have  p referred  to  
w rite  th em  o u t of th e  books a ltogether.

I  need h a rd ly  rem ind shareholders th a t  we are 
no t an  in vestm en t T ru st Com pany. W e are a 
financial trad in g  com pany w ith  a  sm all capital 
for our purpose. W e are therefore debarred  from 
th e  lu x u ry  of buying m unicipal corporation  stock. 
T h a t is a  luxury  we leave to  th e  "  Big F iv e .” W e 
are also debarred  from investing  your m oney in 
foreign G overnm ent bonds and in  foreign railways, 
as th ey  do n o t yield enough for our purpose and th ey  
do n o t v a ry  enough. B y th e  conditions of our 
existence we are  alm ost tied  down to  In d u stria l 
and  sim ilar securities, and, as you know , in th e  
p resen t conditions of th e  m odern w orld all such 
securities v a ry  and  fluctuate  very  m uch. Indeed, 
th e ir fluctuations are one of th e ir  a ttrac tio n s for us, 
because we buy  for cap ital apprecia tion  ra th e r th an  
for dividends.

On previous occasions I have alw ays declined to  
publish  a lis t of our investm en ts , and  I am  glad to  
say  th a t  I am  fortified in  th a t  decision by  a very  
em inent a u th o rity , Mr. R o b ert Flem ing, who sta ted  
th e  o th er day  to  his shareholders th a t  he th o u g h t i t  
w as unwise to  publish  such a list. T his y ea r is 
r a th e r  exceptional, and  as th e re  m ay  be a good deal 
of uneasiness th a t  m igh t be allayed, we have th o u g h t 
i t  b e tte r  to  publish  in  th e  rep o rt th e  chief assets of 
which your cap ita l consists. T hey  are  all good 
indu stria l and  sim ilar investm ents , and  th ey  are all 
quoted . The chief of th em  are  H udson B ay, B a lti
m ore and  Ohio R ailroad , In te rn a tio n a l Nickel, 
Swedish M atch, Shell T ran sp o rt, U nderground 
R ailw ay, B razilian  T rac tion , A pex (Trinidad) Oil
fields, C ourtaulds, Im peria l C on tinen ta l Gas, 
Im peria l Tobacco of C anada, T u rn er and  Newall 
and  R hodesian  Selection T rust. These and  some

o thers account for over 75% of your capital. 
Of course, th is  is n o t a n  ex h au stiv e  list. W hen I 
looked a t  th e  lis t a m o n th  ago, ju s t  before the 
v a lua tion  I w as in te res ted  to  observe, and  you m ay 
be to  know, th a t  one sh are  w hich  showed a profit 
was a P reference share in  B eecham  Pills,

T his lis t accounts for 751% ° f  your cap ita l. W ith 
regard  to  12£%, th a t  m ain ly  consists of loans to  the 
S tock E xchange on fo rtn ig h tly  accounts w ith  ample 
m arg in . I believe th a t  a t  th e  m om ent all th e  loans 
have  been repaid , so you will find now th a t  there  is 
really  no th in g  le ft of your deprec ia tion  b u t about 
3% , w hich I do n o t th in k  is a  bad showing.

Now I w an t to  re tu rn  to  w h a t I called your 
"  cold storage ” in vestm en ts , rep resen ting  ¿23,000. 
W e have  an  in v estm en t of som eth ing  under ¿3,000 
in  th e  C hislet Colliery, L td . T h a t com pany is being 
reconstructed , and  we are  g e ttin g  new  Preference 
shares and  O rd inary  shares for our sm all holding in 
debentures and  O rd in ary  shares. N ex t we have some 
¿5,000 in  th e  Oilwells Selection C orporation. That 
is an  in d u stria l p roposition  trad in g  in  th e  oilfields 
of R um an ia , and  I believe th a t  th e re  a re  also oil 
wells, th e  drilling  of w hich on co n trac t is being 
carried  on. A nyw ay, I can  reassure you on th a t 
p o in t by  telling  you th a t  th is  proposition  was 
selected for us by  m y friend Mr. W alte r Maclachlan, 
who is chairm an , as you know, of th e  Apex (Trinidad) 
Oilfields. The la s t and  b iggest of these  item s is 
¿15,000, w hich we have  invested  in  th e  debentures 
of a syndicate  w hich h as been form ed for the 
exp lo ita tion  of an  a p p a ra tu s  in  connexion with 
ta lk in g  films for th e  c inem a trad e . The cinema 
trad e , as pe rh ap s you do n o t know , has th e  method 
of buying its  a p p a ra tu s  on  th e  hire-purchase 
system  ; th ey  give long-dated  bills, runn ing  for 
18 m on ths or tw o years, to  th e  vendors. W hen this 
business was begun th e  d irecto rs of th e  syndicate 
read ily  d iscounted such bills th ro u g h  th e  ordinary 
channels, b u t, b risk  as th e  business was a t  the 
s ta r t ,  th e  developm ent of unfavourable  conditions 
in  th e  d iscount m ark e t m ade i t  a t  first difficult and 
finally im possible to  go on d iscounting  th a t  kind of 
trad e  bill. T he d irec to rs of th e  synd icate  therefore 
determ ined  th a t  th ey  would re s tr ic t th e ir  operations 
for a tim e  an d  collect th e ir  cred its . T h a t is the 
reason why, w ith  our custom ary  cau tion , we have 
w ritte n  th a t  ¿15,000 clean  o u t of ou r books.

The securities which I have  enum erated  are 
locked up in  your safe. T hey  are  pa id  for and they 
are  unpledged. All th a t  you have  go t to  do is to 
s it an d  w a it u n til th e  tim es m end. T he future, as 
Mr. J . H . T hom as knows to  h is cost, depends on 
politics, on  finance an d  on trad e . If  I  knew  what 
th e  n ex t B udget was going to  be, if I knew  whether 
our basic in d u strie s in  th e  N o rth  were going to 
im prove, an d  if I knew  w h a t was going to  happen 
ab o u t F ree  T rade  and  P ro tec tio n , I need hardly 
say  th a t  I should n o t be s tan d in g  here in  an  over
h eated  room try in g  to  get you to  pass these  accounts. 
As i t  is, gen tlem en, I am  h ere , and  so I beg  to  move 
“ T h a t th e  rep o rt and  accounts be ad o p te d .”

Mr. G. G oldthorp H a y  seconded th e  resolution, 
which w as carried  unanim ously.
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RAND SELECTION C O RPORATION, LTD.
(Incorporated, in  the Union o f South A frica.)

Directors : A. F. Lyall {Chairman), Hon. H. Crawford, R. B. H ag art, A. H icks, W . E . Hudson, Sir E. 
Oppenheimer, J . S. W etzlar. London Committee : W . Dunkels, F . W . Green, H . S. Johnson-H all, 
L. Oppenheim er. Secretaries and Consulting Engineers : Anglo-Am erican Corporation of South Africa, 
L td . Head Office : Johannesburg . London Office : 5, London W all Buildings, F insbury  Circus, E.C. 2. 

Formed 1889 as th e  T ransvaa l Coal T ru st Co., L td . Capital issued : ¿900,000 in 5s. shares.

Business : F inance of and in vestm en t in m ining com panies operating  in th e  R and  and  elsewhere.

R e p o r t  o f  t h e  D i r e c t o r s  f o r  t h e  y e a r  e n d e d  S e p t e m b e r  30, 1929, t o  b e  s u b m i t t e d  a t  t h e  t h i r t y -

e i g h t h  O R D IN A R Y  G E N E R A L  M E E T IN G  O F  S H A R E H O L D E R S , TO B E  H E L D  IN  T H E  B O A R D  R O O M , " A n M ERCOSA

H o u s e , ”  J o h a n n e s b u r g ,  o n  S a t u r d a y ,  F e b r u a r y  22, 1930.

The directors beg to  subm it th e ir  report and 
audited financial s ta tem en ts  for th e  y ear ended 
Septem ber 30, 1929.

The issued cap ital of th e  C orporation rem ains 
unaltered a t ¿900,000 in  3,600,000 shares of 5s. each.

The value of s tands sold in  th e  C orporation's 
townships a t  B rakpan  and  Springs was ¿3,100. 
Collections am ounted  to  ¿3,025, and  th e  am ount 
outstanding a t  Septem ber 30 la s t in  respect of 
unpaid instalm ents, plus accrued in te rest, was 
¿2,275.

The C orporation’s principal in te rests are in th e  
following com panies:— B rakpan  Mines, L td ., 
Springs Mines, L td ., W est Springs, L td ., Dagga- 
fontein Mines, L td ., De Beers Consolidated Mines, 
L td., Consolidated D iam ond Mines of South-W est 
Africa, L td ., Cape C oast E xploration , L td ., 
Rhodesian Anglo-American, L td ., R hodesian L and, 
Cattle and R anching C orporation, L td ., Anm ercosa 
Land and E sta tes, L td .

Under existing arrangem en ts w ith  th e  Anglo- 
American C orporation of South Africa, L td ., 
the Com pany was afforded th e  opp o rtu n ity  of 
participating  in  th e  form ation  of th e  R hodesian 
Anglo-American, L td ., and  in  th is  connexion 
shares held in  m ining com panies in  N orthern  
Rhodesia were surrendered. T he C om pany’s 
interests in th is  sphere are now represented by 
its holding in  th e  new Com pany.

The profit earned during  th e  y ear ended Septem 
ber 30, 1929, am ounted to  ¿274,040 18s. Id ., to  
which m ust be added th e  unappropria ted  profit 
brought forw ard from  1928, am ounting to  
¿73,014 13s. 3d., m aking a to ta l of ¿347,055 11s. 4d.

This am ount has been d ealt w ith  as follows :—
Governm ent and  Provincial

T axation  . . . .  ¿38,571 18 6
Dividend No. 53 of 10% . . ^90,000 0 0
D ividend No. 54 of 15% . . 135,000 0 0
Balance u n ap p ro p ria ted  . . 83,483 12 10

¿347,055 11 4

The increase in  th e  am ount appropriated  to 
m eet G overnm ent and  Provincial tax a tio n  com

pared  w ith  la s t y ear is accounted for by  th e  larger 
am ount of Provincial ta x  payable  on account of 
th e  increased dividend paid  during  th e  curren t 
year, and  also by  a  larger p roportion  of the  
C om pany’s profits hav ing  been earned in  London, 
w here th e  ra te  of ta x  is h igher th a n  South Africa.

The tree  p lan ting  program m e is now alm ost 
com plete. R evenue from  th is  source is p ractically  
balancing expenditure.

Two dividends were declared during  th e  year, 
as follow s:— No. 53 of 10%, and No. 54 of 15%. 
These dividends absorbed an  am oun t of ¿225,000.

The B oard regret to  rep o rt th e  death  of Mr.
F. R . L ynch, who has been associated w ith  th e  
Corporation for m an y  years and  w as C hairm an 
of th e  Board from  1915 to  1927.

Mr. R . B. H a g a rt was appointed  to  fill the  
vacancy caused by  th e  d ea th  of Mr. F . R . Lynch, 
and  shareholders will be asked to  confirm th is 
appoin tm ent.

In  accordance w ith  th e  Articles of Association, 
Sir E rn es t O ppenheim er and th e  Honourable 
H ugh Crawford re tire , b u t are eligible and offer 
them selves for re-election.

Shareholders are requested to  fix th e  rem uneration 
for th e  p a s t aud it and  to  elect aud ito rs for the  
ensuing year.

The auditors, Messrs. Alex. Aiken and W . E. 
Goldby, re tire , b u t are eligible and  offer them  
selves for re-election.

L. A. PO LLA CK , Acting
C hairm an.

H . CRA W FO RD ,
R . B. H A G A RT,
W . E . HU DSON,
E . O P P E N H E IM E R .

Directors.

ANGLO-AM ERICAN CO RPO RA TIO N  
SOUTH A FRICA , LTD .,

Secretaries. 
Per J . B o y d .

Johannesburg,
D ecem ber 19, 1929.

OF
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J O H A N N E S B U R G  C O N S O L ID A T E D  
IN V E S T M E N T  CO., LTD.

(I n c o r p o r a te d  in  th e  U n io n  o f  S o u th  A fr ic a .)

Mining Companies’ Reports for 
Quarter Ended December 31, 1929.

G e n e r a l  R e m a r k s . — T h e  d e v e lo p m e n t  f ig u re s  a r e  
th e  a c tu a l  re s u l ts  o f  th e  s a m p l in g  o f  d e v e lo p m e n t  w o rk  
o n  re e f  ; n o  a l lo w a n c e  h a s  b e e n  m a d e  fo r m o d if ic a tio n s  
w h ic h  m a y  b e  n e c e s s a ry  w h e n  c o m p u tin g  th e  o re  re s e rv e s .

1 0 /1 1 , A u s t in  F r ia r s ,  L o n d o n ,  E .C .  2, 
J a n u a r y  17 , 19 3 0 .

G o v e r n m e n t G o ld  M in in g  A r ea s  (M o d d e r fo n te in )  
C o n s o lid a te d , L td .

(Incorporated  in  the Union o f  South  A fr ica .)
Issued Capita l . . .  £ 1 , 4 0 0 , 0 0 0 .

Tons crushed,  6 0 8 , 0 0 0 ,  
yielding 2 7 1 , 9 4  7 fine ounces of gold. 
Total W orking Revenue £ 1 , 1 5 5 , 1 5 7  
Total W orking Costs ... 4 9 4 , 8 7 4

W orking Profit
Sundry Revenue

£ 6 6 0 , 2 8 3
2 6 , 0 6 7

Per ton, based on 
tonnage crushed. 
£ 1  1 8  0

0  16  3

£ 1  1 9

Tons  crushed, 1 8 5 , 0 0 0 ,
yielding 7 4 ,4 1  0  fine ounces of gold. 

Total W orking Revenue ... £ 3 1 6 , 0 7 4  
Total W orking Costs ... 1 9 2 , 4 9 9

W ork in g  Profit
Sundry Revenue

£ 1 2 3 , 5 7 5
3 , 7 2 4

Per ton, based on 
tonnage crushed. 
£ 1  1 4  2

1 0  10

£ 0  1 3  4

N e w  S ta te  A r e a s , L td .
(Incorporated  in  the U nion o f  South  A fr ic a .)

Issued Capital - £ 1 , 5 1 4 , 0 3 7 .
6 % Debentures  - £ 2 7 9 , 9 0 0 .

Tons crushed,  2 2 8 , 0 0 0 ,  P er ton> based on
yielding 1 0 1 , 3 2 9  fine ounces of gold. tonnage crushed.

Total W orking Revenue ... £ 4 3 0 , 4 1 8  ••• £ 1  17  9
Total W orking Costs ... 2 4 3 , 7 2 3  ... 1 1 5

W ork in g  Profit
S undry Revenue

£ 1 8 6 , 6 9 5
5 , 7 2 6

£ 0  16  4

Total Profit for Quarter £ 6 8 6 . 3 5 0
N o allowance has been made in the above for G overnm ent’s share 

of profits or South African taxation. T he expenditure on capital 
account am ounted to £ 1 3 , 4 5 3 .  The D E V E L O P M E N T  
FO O TA G E sampled totalled 4 , 7 0 0  ft., and gave the following 
results Payable  2 , 8 6 0  ft., having an average value of 10*4 
dw t. over 4 3  in. of reef. U npayable  1 ,8 4 0  ft., haying an 
average value of 3 ’9 dwt. over 3 5 in. of reef. A Dividend of 
4 5 %  (2s. 3d. per share) has been declared payable to all share
holders registered a t D ecem ber 31, 1929. T he D ividend will be 
payable 011 and after February  6.

V a n  R y n  D e e p , L td .
(Incorporated in  the U nion o f South  A fr ica .)

Issued Capita l . . .  £ 1 , 1 9 6 , 8 9 2 .

T ota l Profit for Quarter £ 1 9 2 , 4 2 1
No allowance has been made in the above for Government’s 

share of profits or South African taxation . 'lh e  expenditure on 
capital account am ounted to £ 1 5 2 ,  and debenture interest 
to £ 4 , 1 9 9 .  The D E V E L O P M E N T  F O O T A G E  sampled 
totalled 3 , 3 8 0  ft., and gave the following results Payable  
1 , 5 1 0  ft., having an average value of 1 8  dwt. over 2 5  in. 
of reef. Unpayab le  1 , 8 7 0  ft., having an average value of 9*1 
dwt. over 1 3  in. of reef. A strike of w hite miners lasting three 
days occurred during  the q u arte r ; operations were unaffected. 
A Dividend of 5% (Is . per share) has been declared payable to all 
shareholders registered at Decem ber 31, 1929. J he D ividend will 
be payable on and after F ebruary  6.

T h e  L a n g la a g te  E sta te  a n d  G o ld  M in in g  C o., L td .
(Incorporated  in  the U nion o f  South  A fr ic a .)

Issued C a pi ta l  . . .  £ 1 , 5 1 9 , 8 3 3 .
T ons  crushed , 2 3 4 , 5 0 0 ,  P er ton, based on

yielding 7 8 . 8 4 8  fine ounces of gold. tonnage crushed.
T otal W orking Revenue ... £ 3 3 4 , 9 2 4  ... £ 1 8  7
T otal W orking Costs ... 2 5 4 . 2 2 7  ... 1 1 8

W orkin g  Profit
S undry Revenue

£ 8 0 , 6 9 7
6 , 6 3 0

£0 6 11

T ota l Profit for Quarter £ 8 7 , 3 2 7
N o allowance has been m ade in the above for South African 

taxation . T he expendiiure on cap ital account amounted to 
£ 2 , 5 3 4 .  T he D E V E L O P M E N T  F O O TA G E sampled totalled 
5 , 3 9 0  ft., and gave the following results Payable  2 , 7 6 0  ft., 
having an average value of 7 1 dwt. over 7  in. of reef. Un
payable 2 , 6 3 0  ft., having an average value of 8 ‘3 dwt. over 
9 in. of reef. A D ividend of 7£% (I s .  6 d. per share) has been 
declared payable to all shareholders reg istered  a t D ecem ber 31, 
1929. T he D ividend will be payable on and after February 6.

W itw a te r s r a n d  G o ld  M in in g  C o., L td.
(Ivcoi'porated  in  the U nion o f S outh  A fr ic a .)

Issued Capital  . . .  £ 4 6 9 , 6 2 5 .
T on s  crush ed ,  1 6 0 , 5 0 0 ,  P er ton, based on

yielding 3 5 , 5 4 7  fine ounces of gold. tonnage crushed.
Total W orking Revenue ... £ 1 5 0 , 9 9 5  • •• £ 0  1 8  10
Total W orking Costs ... 1 4 3 , 7 8 5  ... 0 17  11

W orkin g  Profit
Sundry Revenue

£ 7 , 2 1 0
5 ,4 6 2

0 11

Total Prof it for Quarter £ 1 2 7 , 2 9 9
N o allowance has been made in the above for South African 

taxation . T he D E V E L O P M E N T ' FO O T A G E  sampled 
totalled 4 . 4 8 5  ft*, and gave the following results Payable  
1 , 9 9 0  ft., having an average value of 10*9 dwt. over 2 9  in. of 
reef. U npayable  2 , 4 9 5  ft., having an average value of 2*6 dwt. 
over 4 0  in. of reef. A D ividend of 17  i%  (3s. 6 d. per share) has 
been declared payable to all shareholders registered at 
D ecem ber 31, 1929. T he D ividend will be payable on and after 
F ebruary  6.

Total Profit for Quarter £ 1 2 , 6 7 2
No allowance has been m ade in the above for South African 

taxation . T he D E V E L O P M  E N T  F O O TA G E sampled totalled 
2 , 5 5 0  ft., and gave the following r e s u l t s Payab le  6 3 0  ft., 
having an average value of 1 1 '9  dw t. over 4 1 ‘8  in. of reef. 
U npayable  1 ,9 2 0  ft., having an average value of 2 ‘7 dwt. 
over 36*1 in. of reef. A D ividend of 2h%  (6 d. per share) has 
been declared, payable to  all shareholders registered at 
D ecem ber 31, 1929. T he D ividend will be payable on and after 
F ebruary 6.

MINING PUBLICATIONS, LIMITED
( P r o p r i e to r s  o f  T h e  M in i n g  M a g a z i n e  a n d  T h e  T e c h n ic a l  B o o k s h o p ) ,

L O N D O N  R E P R E S E N T A T I V E S  O F  t h e

American Institute of Mining and Metallurgical Engineers.
F a c i l i t i e s  O f f e r e d  f o r  P a y m e n t  o f  M e m b e r s h i p  F e e s  i n  T h i s  C o u n t r y . 

S U B S C R I P T I O N S  E N T E R E D  a n d  A D V E R T I S I N G  R A T E S  Q U O T E D
FO R

“ Mining and Metallurgy,” the Monthly Publication of the Institute.
P R O F E S S I O N A L  C A R D S .— Com bined rate for T h e  M in in g  M a g a zin e  and M in in g  a n d  M e ta llu rg y  £ 8  per annum.

including subscription to both publications.

T elegraphic A ddress :
O L I G O C L A S E ,  A V E ,  L O N D O N .  

T elephone :
L O N D O N  W A L L  8 9 3 8 .

R e g is te r e d  O ffices : •

724, Salisbury House, London, E.C. 2.
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SAN FRANCISCO MINES OF MEXICO, LTD.
Directors : The E arl of Denbigh [Chairman), Thom as Ford, Joseph K itchin , W alter M aclachlan, Cyrus 
T. P o tt, Sir H enry  Strakosch, M ajor F. G. Trobridge. Secretaries : Union C orporation, L td . Office ; 
Princes House, 95, Gresham  Street, London, E.C. 2. Formed 1913. Capital issued : ¿763,425 10s. in 10s. shares. 

Business : Operates lead-zinc-silver m ines near P arral, Mexico.
The seventeenth  ord inary  general m eeting of 

shareholders of San Francisco Mines of Mexico 
was held on F eb ruary  11 a t  W inchester House, 
London, E.C. 2, th e  E arl of Denbigh (Chairm an of 
the  company) presiding.

The Chairm an, in  m oving th e  adoption  of the 
report and accounts for th e  year ended Septem ber 30 
last, said th a t  for reasons to  which he would refer 
later, the  ore milled during th e  year rose only from 
300,010 to  307,450 tons, b u t th e  to ta l revenue 
rose from ¿650,084 to  ¿709,198, and the  operating 
profit from"¿366,316 to  ¿415,267, owing principally 
to im proved term s for th e ir lead concentrates, 
and higher recovery of m etals. Charges were 
ra ther sm aller a t ¿81,678, against ¿88,186, resulting 
in a n e t profit of ¿333,589, against ¿278,130. 
In view of th e  capital expenditure in prospect, 
it was considered p ru d en t to  m ain tain  the  dividend 
for the year a t  3s. 9d. per share. There was an 
undivided surplus of ¿47,305, which resulted in  the  
am ount carried forward being increased from 
¿125,260 to  ¿172,565.

The fears expressed last year as to  the  effect 
of a continued failure of ra ins were unfortunately  
justified, and they  had set ab ou t th e  erection of the 
second-hand therm o-electric p lan t to  which he had 
referred. This was not available un til tw o m onths

afte r the  close of the  year, so th a t  th e  ore milled 
dropped from 27,950 tons in Ju ly  to  22,220 tons 
in  A ugust. The p lan t was ju s t  sufficient in  size 
to  enable them  to  mill a t  th e  present ra te , and it was 
a t  present being supplem ented by outside hydro 
electric supply.

The combined blocked-out and p a rtly  blocked-out 
ore reserves, to ta lling  1,894,500 tons, showed practic
ally no increase for the  year, th is being due to  the  
lack of power. 58% of th e  reserves applied to  the  
San Francisco Vein and  14 J % to  the  Footwall 
Vein, th e  rem aining 271% applied to  o ther reefs 
such as th e  Madronos, Brown, and Bronces. The 
developm ent of the  Brown Vein a t  th e  7 th  Level 
had  been th e  feature of recen t work. As far as 
taken  in to  th e  ore reserves i t  accounted for abou t 
8% , calculated over a w idth  of 1 to  2 m etres. The 
San Francisco mine, late ra lly  and in dep th  continued 
to  give every encouragem ent to  assum e a long and 
prosperous future. In  view of th is  strong position 
i t  was intended to  increase th e  mill from  a  capacity  
of 300,000 to  500,000 tons per annum , and p re 
lim inary work w ith th is in view is now in hand. 
The additional capacity  could deal w ith e ither 
sulphide or oxidized ores, as th e  conditions m ight 
dictate .

The report and accounts were adopted.

G O V E R N M E N T  o f  th e  C O L O N Y  o f  S O U T H E R N  

R H O D E S IA .

VACANCIES FOR T W O  GEOLOGISTS A N D  ONE  
MINERALOGIST.

A p p lic a tio n s  a r e  in v i te d  fo r  th e  fo llo w in g  p o s ts  in  th e  
D e p a r tm e n t  o f  G e o lo g ic a l S u rv e y , S o u th e r n  R h o d e s ia :—

(a) G e o lo g is t— S e n io r . S a la ry  ¿ 6 3 0  p e r  a n n u m , 
th e n c e  b y  a n n u a l  in c re m e n ts  o f  ¿ 3 0  to  ¿ 7 5 0  
p e r  a n n u m .

( i)  G e o lo g is t— J u n io r .  S a la ry  fro m  ¿ 4 0 0  to  ¿ 4 5 0  
p e r  a n n u m  a c c o rd in g  to  e x p e rie n c e , th e n c e  by  
a n n u a l  in c re m e n ts  o f  ¿ 2 5  to  ¿ 6 0 0  p e r  a n n u m .

(c) M in era lo g ist— J u n io r .  A s  (b) a b o v e .

A p p lic a n ts  m u s t  h a v e  ta k e n  a  U n iv e r s ity  d e g re e  w ith  
g eo lo g y  a n d  its  a l l ie d  s c ie n c e s  in  th e ir  f in a l e x a m in a t io n  
a n d  so m e  q u a l if ic a tio n  in  m in in g  g e o lo g y  is  d e s ira b le .

S te a m s h ip  a n d  ra i lw a y  fa re s  w ill b e  p ro v id e d  fro m  
L o n d o n  to  S a lisb u ry .

T h e  a p p o in tm e n ts  w ill b e  u n d e r  a g r e e m e n t  fo r  a  p e r io d  
o f th r e e  y e a rs  a n d  th e r e a f te r ,  s u b je c t  to  s a tis fa c to ry  
se rv ic e , a p p l ic a n ts  w ill b e  e l ig ib le  fo r  a p p o in tm e n t  to  
th e  F ix e d  E s ta b l is h m e n t  o f  th e  C iv i l  S e rv ic e .

F u r th e r  d e ta i l s  a n d  p a r t ic u la r s  m a y  b e  o b ta in e d  fro m  
th e  S e c re ta ry ,  O ffice  o f  th e  H ig h  C o m m is s io n e r  fo r  
S o u th e rn  R h o d e s ia , C ro w n  H o u s e ,  A ld w y c h , L o n d o n ,
W .C . 2 , w ith  w h o m  a p p l ic a t io n s  w ith  c o p ie s  o f  q u a l if i
c a tio n s  a n d  te s t im o n ia ls  m u s t  b e  lo d g e d  n o t la te r  th a n  
th e  3 1 s t M a rc h , 1 9 3 0 . 4.5

WELL DRILLS
for l 'lace r Gold Testing. M ineral Prospecting , W ater 

and  Oil Wells. T here are fifty s ty les and  sizes for all 
depths from 26 to  8,000 f t. P o rtab le or trac tion  

u n its , steam  or gas drive. T he K eystone Per
cussion Core D rill is a  coring tool w hich can be 

used in connection w ith  cable tools, a n d  forms 
th e  cheapest know n m ethod of coring  b i tu 

m inous coal, fire clay an d  m ateria ls of 
equal hardness.

DRILLING FOR PLACER G O LD ”
is a  200-page book by W alter H. 

G ardner, dedicated to  “  th e  hardy  
m en who have ca rried  th e  K ey

stone to  the edges of the 
w o r ld .” T he rom ance and 

science of p rospect drilling. 
I n  paper cover, free. In  

clo th  b inding , S i .00. 
Y our copy aw aits  

you. You w ill w ant 
also th e  new  K ey

stone D r i l l  
catalogue.

KEYSTONE DRILLER CO., .s T '
E xport O ffice:  170, B R O A D W A Y , N E W  Y O R K .
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P r o f e s s i o n a l 1 D i r e c t o r y
A D D I C K S ,  L a w r e n c e ,

Consul t ing:  E n g i n e e r ,
B el A ir, M ary lan d , U .S .A . 

C ables : G alia, New  Y ork.

B E L L ,  J .  M a c k i n t o s h ,
M i n i n g  Ge o l og i s t ,

O ttaw a E le c tric  B u ild ing , O ttaw a , O nt., C anada.
Cables : Jam ackbell.

. Ä Ä 1 _ i a .  .  .  .  Tel. : London W all 7751.
A G N E W , J o h n  A.,

49, M oorgate  L ondon , E .C . 2.
C ab le s : L in g u lin a , L ondon .

C. P. C. BERESFORD. d. T. GLIDDEN.
B E R E S F O R D  &  G L I D D E N ,

M i n i n g  En g i n e e r s ,
C assilla  557, L a  P a z , B o liv ia . 

C ab les : B e re sfo rd , L a  P az .

A G U I L A R - R E V O R E D O ,  J .  F .,
M i n i n g  En g i n e e r ,

C asilla  900, L im a , P e ru .

B E S T ,  J a m e s  P . ,
M i n i n g  & M e c h a n i c a l  E n g i n e e r

(A lluvials),
P.O. J e m a a , P la te a u  P rov ince , N. N igeria .

Code : B room hall.

A L D R I D G E ,  W a l t e r  H .,
M i n i n g  an d  M e t a l l u r g i c a l  En g i n e e r ,

41, E a s t  42nd S tre e t, New Y ork.

Tel. : L ondon W all 3900.

B E W I C K ,  M O R E I N G  &  C o . ,
62, L ondon  W all, L ondon , E .C . 2.

C ab les ’• B ew ick .

A L L A N ,  C l y d e ,
M i n i n g  En g i n e e r ,

P .O . Jo s, N o r th e rn  N ig eria .

B O I S E ,  C h a r l e s  W.,
M i n i n g  E n g i n e e r ,

F o re ig n  E x p lo ra tio n ,
Room  1507—14 W all S tre e t. New Y ork . 

C ables : M ukeba.

A N D E R S O N ,  R o b e r t  J . ,
A l u m i n i u m  C o n s u l t a n t ,

704, L o c u st Ave., F a irm o n t , W . V a., U .S.A .

B O T S F O R D ,  R . S . ,
M i n i n g  En g i n e e r ,

F ra s e r  B rac e , L td .,  M edellin , C o lom bia, S. Am.  
265, G resh am  H ouse, L ondon . E .C . 2.

A S H C R O F T ,  E d g a r  A.,
C o n s u l t i n g  M e t a l l u r g i s t ,

N ew  M ethods in  M eta llu rgy . 
W a y e H o u s e L a b o ra to rie s , n r . A sh b u rto n . S .D evon . 
C ables: N utalgy , A shburton .

B O Y D ,  J u l i a n ,
C o n s u l t i n g  M i n i n g  E n g i n e e r ,

1014, C e n tra l B u ild in g , L os A ngeles, C alifo rn ia . 
C ables : B oydite .

B A N K S ,  C h a r l e s  A.,
M i n i n g  En g i n e e r ,

612 Paciflo  B u ild in g , H as tin g s  S tre e t, W ., 
V ancouver, B.C.

C ab le s : B an k ca . C ode: B edford  M cN eill.

B O Y D E L L ,  H. C . ,
M i n i n g  G e o l o g i s t  an d  E n g i n e e r ,

310, M cK innon  B u ild in g , T o ro n to , C an ad a . 
C ab les : H usky .

B A R R Y ,  J o h n  G.,
C o n s u l t i n g  M i n i ng  Ge o l o g i s t  an d  En g i n e e r ,

609, M ills B uild ing , E l P aso , T exas.
C ables: Bargo. C ode: B edford M cNeill.

B O Y E S ,  H . H . W.,
Me s s r s . F o l e y , B o y e s , B u t l e r  & P ee k , 

C o n s u l t i n g  a n d  M i n i n g  E n g i n e e r s ,
P .O . Jo s , N o r th e rn  N ig eria .

C ab le s : F o y es . Jo s . C o d es: B en tley , B ro o m h a ll.

B A R T O N ,  D o n a l d  C-,
C o n s u l t i n g  Ge o l o g i s t  a n d  G e o p h y s i c i s t

S p ec ia lis t : E o tvos T o rs ion  B a lan ce . 
P e tro le u m  B u ild in g . H ouston. T exas.

T e l.:  Loudou  W a ll 6940.
B R O A D B R I D G E ,  W a l t e r ,
C o n s u l t i n g ,  M i n i n g  & M e t a l l u r g i c a l  E n g i n e e r ,
M in era ls  S e p a ra tio n , L td ., 62, L ondon  W all, E .C . 2. 
C able : R ills to p e , L ondon.

B E A T T Y ,  A. C h e s t e r ,
25, B road  S tre e t, New Y ork . 

No p ro fess io n a l w ork e n te r ta in e d .

B R O D I E ,  W a l t e r  M .,
M i n i n g  E n g i n e e r  a n d  M e t a l l u r g i s t ,

1807, P h e lp s  P lac e , W a sh in g to n , D .C ., U .S .A .
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