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E D IT O R IA L
W H ILST the response to the  appeal of 

Mr. Hugh Picard for the I.M.M. 
Benevolent F und  has not come up to our 
expectations, it is, perhaps, as much as one 
can hope for, in view of the prevailing 
depression. I t  is certainly gratifying to 
note from this m onth’s list th a t the appeal 
is receiving the attention  of mining companies 
and their employees.

IT was announced last m onth th a t the 
Institu tion  of Mining Engineers has 

awarded the “ Mavor and Coulson ” 
Travelling S tudentship for 1932-33 to Mr.
E. J . Kimmins, of Birmingham U niversity. 
The studentship is worth £300 and the 
successful candidate is required to devote 
one year to the study of coal mining methods 
in Great B ritain, the Continent of Europe, 
and either Canada or the United States.

SEVERAL new appointm ents to the  
Advisory Committee for the M etal

liferous Mining Industry  were announced 
towards the end of March. The new chair
man, to succeed the late Mr. J . J . Burton, 
will be Mr. R. A rthur Thomas, while Mr. 
B urton’s place as representative of the iron 
and steel industry  will be taken by Mr. E. J. 
Fox. The new representative of the owners 
of iron ore mines and quarries is Major W. D. 
B arra tt and Mr. E. Archer becomes secretary, 
following Mr. F. C. Starling.

TH E  new president of the American 
Institu te  of Mining and Metallurgical 

Engineers is Mr. Scott Turner, D irector of 
the U nited States Bureau of Mines. Mr. 
Turner graduated from the U niversity of 
Michigan in 1902 and received his E.M. from 
the Michigan College of Mines in 1904. Since 
then he has had extensive experience in 
various parts of the world, notably  in 
Spitzbergen, and he was for several years 
consulting engineer to the Mining Corpora
tion of Canada before joining the Bureau of 
Mines.

ELSEW H ERE in this issue will be found 
a translation of certain extracts from 

a work by Professor Schneiderhohn, of 
Freiburg,1 in which his views on the geology 
of the copper belt of N orthern Rhodesia are

set out. The author has advised us that in 
the preparation of the m aterial quoted the 
literature published up to May, 1930, was 
taken into consideration, bu t th a t no 
information published since th a t date has 
induced him to alter his views w ith regard 
to the genesis of the copper deposits of 
N orthern Rhodesia and the K atanga.

AT the annual convention of the Canadian 
Institu te  of Mining and Metallurgy 

more light was shed by Dr. Charles Camsell 
on the ever-green topic of the mineral position 
of the British Em pire. He drew attention 
to a survey made by the U nited States 
D epartm ent of Commerce which shows 
th a t the Em pire considered as a unit has 
commercial control over 21 out of 28 of the 
essential raw -m aterial m etals and minerals. 
In contrast our own Im perial Institute in 
a recent report does not show the Empire 
in such a favourable position, but then it 
views the subject from the standpoint of 
political control. Thus petroleum , which 
is included in the former, is excluded from 
the latter. Dr. Camsell stressed the need 
for the compilation of a consolidated state
m ent or mineral balance-sheet for the whole 
Empire, which he said was in course 
of preparation. W ith  such evidence before 
the governm ents of the B ritish Common
wealth a t the forthcoming O ttaw a conference 
the cause of Im perial unity  should be further 
strengthened.

T h e In stitu tio n  M eetin g
The work of Sir H arold Carpenter on 

the internal structure of m etals is already 
well known, but, although the greater part 
of his investigations have been devoted to 
finished m etallurgical products, it is not 
too much to  say th a t mining men have 
taken greater interest in the results of his 
labours since his atten tion  has been turned 
to native m etals. In  1928 the first-fruits 
of this aspect of his research were presented 
to the Institu tion  of Mining and Metallurgy 
in the form of a paper, w ritten in collabora
tion with Dr. S. Tam ura, which embodied 
the results of an application of metallo- 
graphic technique to the study of native 
metals. At the tim e it was only partially 
appreciated how much the work was likely 
to be of importance to economic geologists, 
although the authors them selves realized 
tha t the structure of the m etals gave valuable

1 “ M ineralische B odenschätze im  Südlichen 
A frika .” B erlin  : Nem -Verlag.
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indications as to their past history. The 
subject was advanced a stage further in 1930, 
when, in conjunction with Dr. M. S. Fisher, 
Sir Harold once more brought the m atter 
before the Institution, the investigation 
having been confined on this occasion to 
specimens of native copper. By th is lime 
it was generally realized how illuminating 
this type of research was likely to be as an 
aid to the elucidation of the problems of 
ore genesis and during the course of the 
discussion of this paper Dr. H. C. Boydell 
suggested th a t a similar study of specimens 
of native silver might be of even greater 
interest to practical geologists, as the subject 
of the origin of tha t m etal was much more 
controversial than tha t of native copper. 
This suggestion was adopted and at last 
month’s meeting of the Institution the first 
paper for presentation— “ A Metallographic 
Investigation of Native Silver,” by the same 
authors—drew an interested audience of 
mining geologists as well as metallurgists, 
and a second paper— “ The Volumetric 
Assay of Gold,” by Mr. W. Branch Pollard— 
proved an additional attraction to  the latter, 
the time available proving all too short for 
those eager to take part in the discussions.

The study of native silver embodied in 
the paper by Sir Harold Carpenter and 
Dr. Fisher involved an examination of 
samples of the m etal from deposits in various 
parts of the world, the specimens being 
investigated by metallographic means and by 
experiments in heat treatm ent. The authors 
have realized th a t the reactions by which 
native silver has been formed are fairly well 
understood by geologists, and tha t the new 
data are mainly useful for the light they 
throw on existing theories and for the help 
they may afford in determining the origin 
of any particular deposit. Briefly, they find 
that the m etal is deposited by aqueous 
solutions of either meteoric or hydrothermal 
origin, and th a t when deposited by supergene 
or cool hypogene waters the structure 
of metals shows few, if any, traces of 
recrystallization. When, however, the 
structure is coarsely homogeneous, similar 
to that produced by annealing, it is con
sidered that the metal has either been 
deposited from waters a t a tem perature 
above that of recrystallization (about 200° C.) 
or that the silver has subsequently been 
thermally metamorphosed. Most of the 
specimens seemed to show that more often 
than not the silver has been deposited 
from cool waters, although examples from 
Northern Rhodesia, Lake Superior, and

Cobalt were deposited from hot solutions. 
At Lake Superior, where the silver is 
associated with native copper, it is interesting 
to note th a t both metals have been formed 
a t a tem perature within the range of 200° C. 
to 250° C. These notes will give some idea 
of the type of result which has been obtained 
from this work, and at the meeting, after 
the paper had been introduced by Sir Harold 
Carpenter, who had something to say of 
the differences between native copper and 
native silver, the discussion was opened by 
Dr. Desch, who, together with all the later 
speakers, congratulated the authors on the 
remarkable microphotographs they had 
prepared. Dr. Desch was followed by 
Dr. Sydney Smith, who compared one of the 
authors’ specimens w ith a similar one 
collected by himself in Canada. Dr. W. R. 
Jones, in his contribution to the discussion, 
welcomed the fixation of additional points 
on a geological thermometric scale, although 
this speaker was reminded by Dr. J. A. L. 
Henderson th a t pressure conditions cannot 
be ignored in such research. Other speakers 
included Professors Bannister and Merrett, 
Dr. Fisher being able to reply to certain of 
their questions.

The discussion of the first paper of the 
evening somewhat curtailed the time avail
able for Mr. Pollard to present his on the 
assay of gold, but the subject is of such 
interest th a t the w ritten discussion will 
surely be followed very closely. I t  will 
suffice here to say th a t certain aspects of the 
method described by the author were first 
brought to the notice of members by a paper 
read in 1923, the present work being 
an amplification of the procedure then 
developed. The author’s method, which is 
employed at the Cairo Mint and in the 
Alexandria Assay Office, originally involved 
solution of the assay in aqua regia, the 
gold being then precipitated as m etal by 
a standard solution of mercurous nitrate. 
Various refinements have now been incor
porated in the process, and it is considered 
th a t for certain purposes the wet assay has 
advantages over the dry method, an opinion 
tentatively shared by Dr. Sydney Smith, 
who opened the discussion on the paper 
and told something of his experiences in 
carrying out an analysis by this means. 
At any rate, it is possible to agree with the 
author that, in spite of the fact tha t it would 
be hard to improve on the fire assay of gold 
from the point of view of accuracy, the 
economies of time and expense promised by 
his method merit close examination.
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M etallurgy  and  E n g in eer in g
At the recent annual general meeting of 

the Institu te  of Metals, on the occasion of 
his induction to the presidential chair, Sir 
H enry Fowler made some rem arks which 
seem worthy of attention, particularly  when 
he referred to the relations existing between 
m etallurgy and engineering. Sir H enry from 
1925 to 1930 occupied the position of chief 
mechanical engineer to the L.M.S. Railway, 
which he relinquished on his appointm ent as 
assistant to the vice-president for research 
and development, an appointm ent which 
lends additional weight to his pronounce
ments. After referring to the custom of the 
institute, whereby the president’s chair is 
held successively by a producer of m etals, a 
research m etallurgist, and a user of m etal
lurgical products—a most satisfactory 
arrangem ent—the new president dealt with 
the connexion between engineering and 
m etallurgy, holding the view th a t no engineer 
can be said to be properly equipped for his 
work unless he has some knowledge of 
metallurgy. In this respect, of course, it 
will readily be adm itted th a t the engineer’s 
knowledge can hardly, in most cases at least, 
be expected to  extend beyond a working 
acquaintance with the properties and 
strength of materials, w hether cast or 
machined, and with the effects produced by 
heat and mechanical treatm ent. Sir H enry 
also emphasized the fact th a t no im portant 
discovery in m etallurgy has been made but 
th a t a resultant advance in engineering 
practice soon became evident. The engineer 
is, in fact, constantly  w aiting on the m etal
lurgist to provide him with those materials 
which make yet further conquests of the 
forces of nature possible. Witness, for 
example, the advance of the high-speed 
Diesel engine and the notable improvements 
in aero-engine design which made possible 
the building of the Schneider Trophy 
machines. Many more examples might be 
quoted tending to show th a t the engineer 
will generally be able to  find an immediate 
use for all the new m aterials the metallurgist 
can find for him. The engineering profession, 
in fact, shows a definite tendency to recognize 
th a t its interests and those of the m etal
lurgists run on parallel if not converging lines, 
as the president was gratified to record.

Sir H enry Fowler had, in addition, some
thing to say about modern facilities for the 
teaching of metallurgy, as he was in no 
doubt th a t the advance of metallurgical

education, as well as the growing importance 
of m etallurgy generally, was largely 
responsible for the creation of a better 
understanding between the scientific and the 
so-called practical man. Nevertheless, it 
seems evident th a t there is a definite element 
of danger in th is growth of educational 
facilities and th a t it has gone far enough, if 
not, indeed, already too far. I t  is possible 
tha t the sinking of available funds in the 
erection of teaching establishm ents which 
are really only a duplication of departments 
already in existence m ay starve the latter of 
endowments of which they are badly in need. 
It is impossible to overlook the fact that 
municipal pride is ap t to  dem and at least 
an equality in its educational facilities with 
those of its neighbour, but there should be a 
wider understanding and it should be 
recognized th a t some of the new institutions 
resulting from these processes of civic 
expansion are unnecessary, inasmuch as 
adequate accommodation for students exists 
elsewhere.

T h e  D ev e lo p m e n t o f th e  K alahari

The developm ent of Central African com
munications has always received special 
attention  in these columns, the manner in 
which the traffic arteries have followed the 
pioneer, extending farther inland as mineral 
deposits have been discovered, throwing 
interesting light on the factors affecting 
the advance of civilization. Now, therefore, 
th a t details are available concerning recon
naissances made last year to test the 
possibilities of constructing a  new railway 
link across the north  of the K alahari Desert 
it is possible once more to  return  to the 
subject. The projected line across the 
K alahari is intended to join the railway 
systems of Southern Rhodesia w ith those of 
South-W est Africa, thereby affording a 
direct outlet from the interior to  Walvis 
Bay. I t is sta ted  th a t the results of the 
survey have been so favourable th a t the 
project has a t last been brought into the 
realm  of practical politics and the govern
m ents concerned have been urged to initiate 
a more extensive survey in order to  confirm 
the results obtained by the first expedition 
and, more especially, to establish by boring 
operations the presence of adequate water 
supplies along the route.

Reference to the accompanying sketch 
map will show the route to be taken by the
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'S’ttipotti proposed new railway and it is im portant to
'Vas ba note tha t the results of this first engineering
°L5 It survey seem to show th a t a line could be

ani constructed with an easier gradient and
'ev®tli4s which would have cheaper operating costs
ttnitedg than those along the existing routes to Beira
^®1} and Lobito Bay. In fact, the engineer in

charge has expressed the view tha t Walvis 
1 Hjot Bay would be a more economical route than
}e funds c the other two even for traffic from Northern
limentsf Rhodesia and the K atanga. It is im portant
°ldeparts to remember, however, th a t there is but faint
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irJl,|e (Jut expressed by the agricultural surveyors, that
ouiht intui there exist ample supplies of artesian water
ndW below the desert sands. I t  is hoped by the

opening up of these resources of under- 
'jftocoi ground water ultim ately to render the
r 1 j  country suitable for ranching purposes, and
F a :  estimates have been prepared which envisage
j S ¿ir, the area carrying about 1,700,000 head of

cattle.
. 0 The development of the western edge of 

the Kalahari since the discovery of supplies

of artesian water has been extraordinarily 
rapid. In  a recent paper read before the 
Geological Society of South Africa Mr. H. F. 
Frommurze has given a concise account of 
the flowing bore-holes in the Rehoboth, 
Gibeon, and Gobabis districts of South-West 
Africa. The first holes which gave flowing 
water in this area were drilled by the German 
W ater Boring D epartm ent, while they were 
endeavouring to find out whether the Upper 
Karroo sediments were coal-bearing. After 
the W ar the area was further tested by the 
Irrigation D epartm ent of the South-West

A dministration, m any more holes being 
drilled, as a result of which a strip of bush- 
covered sand, previously left to game and 
the Bushman, has been rendered habitable 
and potentially productive. The author of 
this paper has drawn several interesting con
clusions as a result of his survey, among 
which it m ay be noted th a t he is of the 
opinion th a t a promising area for the striking 
of flowing water lies in the southern portion 
of the Aminuis Reserve and in the ground 
extending eastwards into Bechuanaland, an 
area which, if developed, will need such an 
outlet for its produce as the projected railway 
might provide.
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R E V IE W  O F  M INING
Introduction.—Mining conditions during 

the past m onth have shown little change. The 
decline in m etal prices, due to  the advance of 
sterling, has, however, proved somewhat 
disconcerting. Nevertheless, it is felt th a t 
at last m atters are on the road to recovery, 
although it is recognized th a t it m ay be 
some time before they improve to any 
appreciable extent.

T ran svaa l—The output of gold on the 
Rand for March was 914,017 oz. and in 
outside districts 46,018 oz., making a total 
of 960,035 oz., as compared with 914,102 oz. 
in February, the March to ta l representing a 
new m onthly record. The num ber of natives 
employed on the gold mines a t the end of 
the m onth totalled 214,024, as compared 
with 216,171 at the end of February.

The report of E ast Geduld Mines for 1931 
shows the ore reserves a t the end of the year 
to have been 3,750,000 tons, averaging 
6-9 dwt. in value over a stoping w idth of 
58 in. Stoping operations were commenced 
on Ju ly  1 last and up to the end of the year 
231,700 tons of ore had been milled, the 
gold yield totalling 56,003 oz., worth 
£237,116. The working loss for the half- 
year’s operations am ounted to £33,035, 
although profits have been earned since 
September. The mine is expected to  be in 
full swing by the middle of the year.

During 1931 the mill a t the W est Rand 
Consolidated Mines crushed 1,066,000 tons 
of ore, yielding gold to the value of 
£1,217,901. W orking costs am ounted to 
£984,879 and the working profit to £233,022. 
The indebtedness of the company to the 
General Mining and Finance Corporation, 
which a t the end of 1930 am ounted to 
£216,125, was repaid during the year. The 
estim ated ore reserves a t the end of the period 
under review am ounted to 4,053,000 tons, 
averaging 5-6 dwt. in value over a stoping 
width of 45 in. The fire which occurred at 
the mine in June last, which resulted in a 
stoppage in the W est Shaft section for six 
weeks, is responsible for the decrease of 
21,000 tons in the ore crushed.

The report of the Meyer and Charlton 
Gold Mining Company for 1931 shows the 
ore milled, 206,120 tons, to be 7,280 tons 
less than  in the previous year, owing to the 
stoppage in November last caused by the 
fire in the City Deep. The value of the gold 
produced was £207,868, while working costs 
am ounted to £186,886, leaving a working 
profit of £20,982. The ore reserves a t the

end of the year were estim ated to consist 
mainly of a few small blocks of South Reef, 
which have been opened up in claims leased 
from the City Deep, and, although certain 
high-grade pillars rem ain in the mine, it 
is regarded as evident th a t the end of its 
profitable 1 fe is not a long way off.

The accounts of the New Kleinfontein 
Company for 1931 show a working loss, 
after providing for development expenses, 
of £11,622. The ore milled totalled
611,200 tons and 124,487 oz. of gold was 
recovered, the to ta l revenue being £531,993. 
The ore reserves a t the end of the year were 
estim ated to be 288,000 tons, averaging
4-93 dwt. in value over a stoping width of 
53-01 in., as compared w ith 286,100 tons,
5-01 dwt., and 51-75 in. a t the end of 1930. 
Development in the Apex m ynpacht was 
resum ed during the year and work so far 
accomplished has provided ore reserves 
which more than replace the tonnage mined 
from the section.

Details of the reports of the companies 
of the Johannesburg Consolidated group 
for 1931 will be found elsewhere in this issue. 
On the Randfontein E states the development 
of the principal section of the mine is in 
a- very interesting stage, the year’s work 
having fully borne out the expectations 
of a progressive flattening of the dip of the 
reefs. I t  is now believed th a t beds are in 
the form of a large synclinal fold, which 
is cut out to the east by  the  W itpoortje 
fault, situated  considerably east of the 
present working.

An accident to the rock hoisting engine 
at the No. 5 vertical shaft of the Consolidated 
Main Reef Mines, reported on March 9, was 
expected to interfere w ith the monthly 
output.

The accounts of R and Mines, Ltd., for 
1931 show a profit of £541,041, which, added 
to the balance of £428,817 brought in 
and £378 in respect of forfeited dividends, 
gives an available to tal of £970,236. Of 
this am ount £409,030 has been distributed 
as dividends, equal to 80%, £63,083 expended 
in investm ents, and £31,412 has gone for 
taxation purposes, leaving a balance of 
£466,711 to be carried forward.

The report of W itpoort Gold Areas for 
1931 shows the ore reserves to be 567,000 
tons, of an average value of 6-2 dwt. over a 
stoping w idth of 41 ins. The position 
developed during the year shows the company 
to have been indebted to the General Mining 
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and Finance Corporation to the extent of 
£90,000, while other commitments, for stores, 
etc., were also heavy. As the General 
Mining Corporation was disinclined to advance 
more money, the agreement with Brakpan 
mines, already noted in these columns, 
was entered into and at an extraordinary 
meeting held last m onth this was approved.

Shareholders of Brakpan Mines have been 
informed th a t in order to avoid appropria
tions from profits the board m ay decide to 
raise the funds required for the paym ents to 
the W itpoort company and for the develop
ment of the newly-acquired area by an issue 
of shares. For this purpose it will be 
necessary to increase the capital of the 
company and at meetings to be held in June 
and July  next it will be proposed th a t the 
directors be given power to  do this up to a 
maximum of £1,150,000.

Southern Rhodesia.—The output of gold 
from Southern Rhodesia during February 
was 45,032 oz., as compared with 42,706 oz. 
for the previous m onth and 42,818 oz. in 
February, 1931. Other outputs for February 
last w ere : Silver, 6,380 o z ; coal, 44,928 
tons; chrome ore, 2,647 to n s ; asbestos, 
873 tons.

The report of the Globe and Phcenix 
Company for 1931 shows th a t 72,512 tons 
of ore was crushed, the gold recovered 
totalling 65,588 oz. The net profit for the 
year, including £37,214 brought in, am ounted 
to £114,915. Dividends declared during the 
year absorbed £80,000, equal to 2s. per 
share, leaving a balance of £34,915 to be 
carried forward. The ore reserves a t the 
end of the year were estim ated to be
124,000 tons, containing gold to the value 
of £632,520, as compared with 126,300 
tons, valued at £639,660, a t the end of the 
previous year. The installation of new plant 
at the mine is said to be proceeding satis
factorily and it is hoped th a t it will be in 
full commission by the middle of the present 
year.

Northern Rhodesia.—Shareholders of the 
Rhokana Corporation were informed last 
month th a t the concentrating mill had 
started running on December 11 last and 
had been in successful operation ever 
since, metallurgical results being satisfactory 
and the tonnage capacity estim ated to be 
considerably greater than the nominal figure. 
Smelting operations commenced on March 17, 
the first blister copper being shipped 
on March 21. Shareholders were reminded 
that the railway between N ’Dola and

N ’K ana was not completed until May 26, 
1930, so tha t eighteen months only were 
required to complete the mill and bring it 
into operation, while the first copper has 
been shipped in less than two years.

A circular to shareholders of the Rhodesia- 
K atanga Company gives details of the 
development work carried out by diamond 
drilling up to the end of 1931. This work 
is said to have fully confirmed the estimates 
of ore previously made, the grade having 
been raised from an average of 4'2% to 4'5% 
copper. I t  is further stated th a t pending 
an improvement in the price of the metal, 
work on the mine has been reduced to a 
minimum, being confined to two drill shifts 
per day in the north part of the mine, where 
the ore-bodies are a t present undefined.

Australia.—It was announced last m onth 
th a t the Sulphide Corporation had decided 
to resume work on the Central Mine—which 
had been closed down since January , 1931, 
owing to low m etal prices—on April 4.

Towards the middle of March details 
became available of the report of Mr. C. O. 
Lindberg on the Lake View and Star mine, 
which he visited on behalf of the New 
Consolidated Gold Fields, Ltd. Mr. Lindberg 
states th a t he is impressed by the continued 
favourable development results and the 
improvement in operating conditions. He 
points out th a t the Chaffers shaft is expected 
to be ready for service to the 1,600 ft. level 
in the present m onth and the cost of its 
enlargement, estim ated at between £55,000 
and £60,000, has been m et out of profits. 
The conversion of the mill from dry to wet 
methods with flotation is expected to be 
completed shortly, when operating costs 
are expected to be reduced to 7s. 6d. per ton 
and to tal costs to about 23s. 9d. per ton. 
Mr. Lindberg adds th a t tribute production 
is on the decline and th a t it will probably 
cease entirely as the plant goes into produc
tion at the new rate of 30,000 tons per 
month.

The March circular to shareholders of 
the W iluna Gold Corporation showed the 
new ore-body on the No. 2 W est lode to 
have an indicated length of over 1,000 ft., 
the ore being free of antimony. Driving 
on the lode had been started. At the end 
of the m onth additional information was 
issued, a bore-hole west from the West lode 
at 554 ft. north  on the 625 ft. level having 
encountered ore 51 ft. wide, averaging 
44s. 6d. in value. At a point 342 ft. north 
driving on the lode had commenced and
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been carried for 52 ft. in ore averaging 
54s. 6d. over a w idth of 7 ft. 3 in., the full 
w idth of ore not being exposed.

New Guinea.— It was announced last 
m onth by the Consolidated Gold Fields of 
South Africa th a t the dredge and power 
plant on the property  of Bulolo Gold 
Dredging had started  work on March 21 
and th a t they were working satisfactorily.

India.—At extraordinary meetings of 
shareholders of the Balaghat and Nundy- 
droog companies, held following the annual 
meetings this m onth, the sale of the Balaghat 
property to Nundydroog was approved. 
The term s of sale involve the paym ent 
of £40,000 in cash for the leases, workings, 
and certain plant, the paym ents to be 
spread over a period of nine months. For 
mining and milling the Balaghat ore reserves 
the Nundydroog Company will make a charge 
of 24s. per ton and, after deducting in 
addition from the net sale proceeds of bullion 
the 5% royalty  due to the Mysore govern
m ent and the cost of keeping the Balaghat 
mine free of water, the net profit will be 
divided as to  25% to Nundydroog and 
75% to Balaghat. The former company will 
take over the assets and sta rt work on the 
ore reserves on May 1 next.

Canada. — In the Supreme Court of 
Ontario judgm ent was given last m onth 
in favour of the representatives of British 
shareholders in the Yukon Consolidated 
Gold Corporation, in an action against 
Mr. Treadgold, a  former president of the 
company. The judgm ent orders the return  
to the company for cancellation of 2,419,000 
shares of the common stock and 15,000 
preferred shares held by Mr. Treadgold 
and enjoins him from dealing in the shares 
until the cancellation is effected.

Spain.—During 1931 the Rio T into 
Company made a trading profit of £424,894, 
while the net profit was £100,185. After 
adding the am ount of £384,367 brought in, 
there was an available to tal of £484,552, 
of which £81,250 has been distributed as 
dividends, equal to 5s. per share, leaving 
a balance of £403,302 to be carried forward. 
The report points out th a t conditions in 
Spain have been increasingly difficult, 
although the good relations between the 
company and its Spanish employees have 
been m aintained.

M inerals Separation. — The report of 
Minerals Separation, L td., for 1931 shows 
a credit balance for the year of £33,948, 
against £54,658 for 1930. The balance

brought forward was £28,972 and, after 
allowing for several other items, there was 
an available to ta l of £72,462, of which 
£30,000 was d istributed as dividends, equal 
to 15%. No dividend was received from the 
Australian company during the period 
under review, although an interim  payment 
has been received for the current year.

Murex.—At an extraordinary  meeting 
of Murex held this m onth the increase of the 
capital from £200,000 in 10s. shares to £250,000 
by the creation of 50,000 preference shares 
of £1 each was approved. The new shares 
were offered to the shareholders a t 21s. each.

Venture T rust.—An extraordinary meet
ing of the  Venture T rust is to be held this 
m onth, when shareholders will be asked 
to approve the reduction of the share capital 
by w riting 3s. 4d. off the value of the present 
10s. shares. The reduced capital would 
then consist of 500,000 shares of 6s. 8d. 
and it will then be proposed th a t it be 
restored to £250,000 by the creation of 
a further 250,000 shares of 6s. 8d. each.

Union Corporation.—The accounts of 
the Union Corporation for 1931 show 
a net profit of £229,117, which, together 
with the £111,017 brought forward from 
1930, gives an available to ta l of £340,134. 
A dividend equal to 2s. 6d. per share will 
absorb £126,162 and £100,000 is to be placed 
to a special reserve, leaving a balance of 
£113,972 to be carried forward.

Consolidated Mines Selection. — 
During 1931 the Consolidated Mines Selection 
Company seriously felt the absence of 
a dividend on its large holding in the Anglo 
American Corporation of South Africa. 
The continued depreciation in the market 
value of holdings has been partly  m et by the 
transference of £20,000 from the reserve 
account, which is now exhausted. The 
book value of the com pany’s holdings at 
the end of the year stood a t £503,005, 
against a  m arket value of £304,933, which 
the directors consider to be much below 
the true value. The profit and loss account 
shows th a t after w riting £32,917 off the 
value of shares held the balance carried 
forward is £2,125.

Copper.— It was announced last month 
th a t a t a m eeting of copper producers held 
in New York it had been decided to  reduce 
the output for the remaining nine months 
of 1932 to 20% of capacity. Shareholders 
of the companies operating in Northern 
Rhodesia have been informed tha t production 
will be reduced accordingly.



ELECTRICAL PROSPECTING FOR AURIFEROUS 
QUARTZ VEINS AND REEFS

By HELMER HEDSTROM

T h e  au th o r, w h o  is co n n ec ted  w ith  th e  E lec trica l P ro sp e c tin g  C o m p a n y  of S tockho lm , p ay s  p a r ticu la r  a tten tio n  to  
p ro cesses  of “  e lec trica l tren ch in g ,”  w hich  a re  undergo ing  ex tensive  tests  on  several goldfields.

I n t r o d u c t io n .—During the last few years 
a number of articles have appeared in mining 
periodicals on the use of electrical methods 
when prospecting for base m etal ores. Very 
little has been published, however, on the 
application of these geo-electrical methods 
to other problems of mining geology, this 
being a com paratively recent development. 
The present article is intended as a brief 
description of part of this new development, 
namely of some new applications of 
those geo-electrical methods which are 
characterized by the determ ination of 
electrical potentials. These “ potential 
methods ” have previously been used almost 
solely for the locating of buried bodies of 
better electrical conductivity than the 
surroundings, for instance—pyritic ore- 
bodies. The new applications of these 
methods are used to  locate or determine 
the distance to  boundary planes between 
different rock formations. According to 
whether these boundary planes are nearly 
horizontal or nearly vertical, the new 
applications m ay be divided into the 
following two classes :—

(1) “ Electrical drilling,” which comprises 
the determ ination of thickness of overburden, 
depth to  the ground water table, dip of 
slightly inclined sedim entary beds at 
moderate depth, etc. This process, which 
might possibly be of more interest, in general, 
to the civil engineer or hydrologist than 
to the mining engineer, has already been 
dealt with in several recent publications.1

1 O. H. Gisli : “  D epths of Ground W ater and 
other Subsurface F ea tu res indicated  by E arth - 
Resistivity Surveys,” Terrestr. Magnetism, 33, 
No. 3, 129-138 (1928).

Irving B. Crosby and  E. G. Leonardon : 
"  Electrical P rospecting  applied to  foundation 
problem s,” A .I.M .M .E., Tech. Publ. 131 (1928).

E. L ancaster Jones : "  The E a rth  R esistiv ity
Method of E lectrical P rospecting ,” T h e  M in in g  
Ma g a zin e , June and  July , 1930.

G. F. Tagg : “ The E a rth  R esistiv ity  M ethod of 
Geophysical P rospecting ,” T h e  M in in g  M a g a z in e , 
Septem ber, 1930.

E. G. Leonardon : “ E lectrical E xploration
Applied to  Geological Problem s in Civil 
Engineering,” A .I.M .M .E., Tech. Publ. 407 (1931).

H ans L undberg  and  Th. Zuschlag : A new
Development in E lectrical Prospecting, 
A.I.M.M.E., Tech. Publ. 415 (1931).

(2) “ Electrical trenching,” comprising the 
locating of hidden contacts, fault planes, 
quartz veins, bankets, and reefs. This process 
should be of particular interest to  mining 
men in these times of increasing activity 
in the field of gold prospecting. I t  is this 
application of the potential methods which 
is the special subject of the present article. 
Previously it has not been described in the 
literature, excepting in an article by G. F. 
Tagg in the M a g a z in e  for September, 
1930, and in the recent Report of the 
Im perial Geophysical Experim ental Survey, 
where the problem of finding a vertical fault 
by the use of a four-electrode system has 
been discussed theoretically.

F A U LT
PLAN E

Fig. /.

T h e o r e t i c a l  C o n s i d e r a t i o n s  o f  
" E l e c t r ic a l  T r e n c h in g .” — By “ electrical 
trenching ” an electric current is conveyed 
to  the earth  by means of two power 
electrodes, one of which (A in Fig. 1) is 
grounded in the area of investigation, while 
the other electrode (B) is placed so far away 
th a t it has practically no influence on the 
measurements. The electrical potential a t 
the surface within the area of investigation 
will thus be caused solely by the electric 
current entering the ground at A, and the 
following relations will apply :—

If the strength of the current is called 
I and the electrical resistivity of the ground 
formation is called pv  it is easy to  prove th a t 
the electrode A will act as a “ point-source ”
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with a potential
E  = ■Pi

If the ground is homogeneous in all directions 
and to great depths the potential P  a t a point 
in a distance 1 from the electrode A will be

1 ~  2wl 2 .

The potential along a radius from A will 
thus decrease in inverse proportion to  the 
distance from A. This “ normal potential ” 
distribution, however, will be disturbed by 
the presence of a vertical boundary plane 
(contact) to  another form ation w ith a 
different electric resistivity  p 2, as shown in 
Fig. 1. The ensuing anomalous potential 
distribution in this case can be conveniently 
represented m athem atically by application of 
Lord Kelvin’s and Maxwell’s “ m ethod of 
images.”

By optical analogy we imagine th a t the 
boundary plane is acting as a m irror, partly  
reflecting and partly  transm itting  light from 
the point-source A. In the medium p1 the 
expression for the  potential will thus be 
composed of two parts, the first one due to

p , - ?  +

the point-source E  itself, and the second 
one due to the image which we suppose to 
have the strength  kE, where k m ay be called 
the “ reflection coefficient.” A t the point 
P x in Fig. 1, the  potential will then be 

k .E
2a -  l j ......................

In  the m edium  p2 the  potential a t any 
point will be the same as if the ground were 
homogeneous, bu t the strength  of the point 
source changed from  E  to  another value 
E 1. (By optical analogy one m ay imagine 
th a t the point source E  is seen dimly through 
the boundary plane.) A t the  point P, 
in Fig. 1 the potential will then be 

E 1
....................................... 4.P„ =

At the boundary plane the  potential must 
be the same w hether com puted from the
expression 3 or 4. Consequently :__

E k .E  _  E 1
a a  ~  aT

or
E 1 =  (1 +  k ) .E  . . . . . 5 .  

Further, the component of electric current



APRIL, 1932 203

passing through a certain small part of the
boundary plane must be the same whether
computed from the pr side or the p 2-side.
This current can be expressed as the electric

dP . .
field -jj (the derivative of the potential in

respect to the distance), divided by  the 
resistivity. D erivating the expressions 3 and 
4 and putting lx =  12 =  a, we then get :—

k )  =  - 1.(1  + k )7  ' (1P i Pi 
Pi Pi
P i +  P i

and, from the expressions 3 and 4 :—
lP i

E
:i_._Pi___________

L  P i +  P i  2 a  — h
P i 7.

P 2
E 4 -( 1 + P 2 P i

P i +  P i ’

The reflection coefficient k thus varies 
from +  1 to — 1, according to w hether the 
formation p2 on the back side of the boundary 
plane offers a com paratively very high or a 
comparatively very low resistance to  the

Ar\ £.n f,

passing of an electric current. In the first 
case the boundary plane acts as a totally  
reflecting mirror, in the second case as a 
to tally  reflecting “ negative ” mirror (the 
image in this case being of opposite strength 
to the point source E). For the same cases 
the “ dimming coefficient ” (1 -f~ k) in
expression 5 varies from 2 to 0. •

Faults and Contacts.—By the use of 
the equations 7 and 8 the potential 
distribution can be computed along a profile 
of investigation th a t crosses a contact. 
Fig. 2 shows the results of such com putations 
put together in a diagram. The boundary 
surface in this figure is supposed to be at 
a distance of 100 units of length from the 
power electrode. The potential values 
computed for observation points a t different 
distances from the power electrode have been 
p lotted against these distances, every value 
first having been multiplied by the corre
sponding distance. In  other words, the 
plotted values represent the ratio between 
the computed potential and the normal 
potential, and thus represent the magnitude
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of the anomaly caused by the presence of the 
boundary plane. Different curves correspond 
to different ratios between the resistivities 
p2 and on the two sides of the boundary 
plane.

The exam ination of the simple Fig. 2 
discloses an im portant fact related to 
the m ethod of locating vertical faults and 
contacts electrically. I t  shows th a t the 
anomaly in the potential a t the boundary 
plane will am ount to  50% of the possible 
maximum already for a resistivity ratio  of 
3 : 1 ,  while for a resistivity ratio  of 10 : 1 
the anomaly will reach 82% of the possible 
maximal value. This means th a t a practical 
“ saturation value ” of anomaly is reached 
already at com paratively small resistivity 
ratios, and th a t the m ethod consequently 
is very sensitive to  small differences in
resistivity on the two sides of the contact.

If, instead of the potential, the potential 
gradient or the electric field (potential drop 
per unit length), is calculated for the same 
conditions as in Fig. 2, we get, by derivation 
from the expressions 7 and 8, in respect to 
the distance 1 :—

  d P i   1   P 2 —  P i  I q
E  dl l2 p2 +  P l '(2a -  l)* ' ' '

and

- T - w ’ - T O + i N f ; )  ,o-
for the conditions on the “ front side ” and 
the “ back s id e ” of the boundary plane, 
respectively.

Computing after the expressions 9 and 10 
the electric field for different distances 1 
and different values of the resistivity ratio

— , and dividing the computed results with
Pl . 1
the normal electric field -2- , we get curves as

those drawn in Fig. 3. This figure thus 
shows the computed electric field expressed 
in the normal electric field as unit, the value 
1-00 representing the normal field and the 
other values the m agnitude of “ anomaly ” 
caused by the presence of the contact. I t  is 
readily seen th a t the “ saturation  effect ” 
discussed above appears also in this case, so 
th a t a com paratively large anomaly in the 
electric field is caused already for a com
paratively small difference in the resistivities 
on the two sides of the contact. I t  will be 
noted tha t the m agnitudes of these anomalies 
are the same as the potential anomalies 
shown in Fig. 2. Fig. 3, however, in contrast 
to Fig. 2, shows a discontinuity a t the

boundary plane. Thus in passing over the 
contact between two media with a resistivity 
ratio of 1 : 3 ,  the electric field suddenly 
changes from a value equal to  one half of the 
normal field to  a value equal to  1-5 times the 
normal.

Quartz Veins, Bankets, and Reefs.— If the 
boundary plane in Fig. 1 is replaced by a 
sheet, of thickness b and resistivity  p z, as 
shown in Fig. 4, the po ten tial distribution 
can be calculated in the following way.

f/'gr. 4-,

The “ reflection coefficient ” used above,

^ — —1 we call p21. The “ reflection 
P 2 +  Pi
coefficient ” of the opposite side of the same

boundary surface, is then - - — — and may
Pi +  Pz

accordingly be called p12, equal to  — pn . 
The corresponding “ dimming coefficients” 
will be 1 +  p 21 and 1 — p 21.

In the medium p v  the potential will be 
due to  the point source E  and a series of 
images of E  in the two boundary planes. 
Of these images the first one will be of the 
“ strength  ”  E .p31 and will be placed at a 
distance a from the first boundary plane in 
analogy with equation 6. The second one, 
which is “ dimmed ” by the first boundary 
plane, then reflected in the second boundary 
plane and again “ dimmed ” when seen 
through the first boundary plane, will have 
the strength  E . ( l  +  p31) ,p2Z. (1 +  p13), and 
will be at a distance (a -f- 2b) from the first 
boundary plane. Through double reflection 
of this second image in the two boundary 
planes a th ird  image is added, which will 
have the strength  E . (1 - f  Psi) .p 23. (l + 
P13) -P13-P23- and will be placed a t a  distance 
(a +  4b) from the first boundary plane. 
By repeated reflection in the two boundary 
planes we thus get an infinite series of images, 
which gives the following expression for the 
potential in a point on the surface of the
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medium p1 a t a distance x (numerically 
<  a) from the first boundary plane :—

+  (J P 3 l )2 -P23
a +  x  +  2b 

(1 P 3 l ) 2 ■ P 23 • P l3  • P 23
a +  x +  4b

( 1 ~  P 3 l ) 2 - P 2 3 - P l 3 2 ■ P 23 
a +  x  +  6b

+

+
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Pi.
E

1 +  -
P 31

a — x  a +  x 

/  1

+  (1 — P 3 l )2 - P2

If Pl =
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+
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a +  x  +  2b

P 233 • P 132
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6b +

+
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If p1 —  p.2

P
— (1 +  P3l) ka +  x  a

P 13
2b +

P is + P is
a + x  +  2b a — x +  4b

P i  3 + P 13 + '■)
14.

a + x  +  4b a — x +  6b

At the surface of the medium p :! we get for 
a point a t a distance x (>  b) from the first 
boundary plane :—

1
(1 +  P 31) (1 +  P 23) +

11.

 P23~■ Pl3~
a +  x  +  4b 

and if Pl =  p2 :—

+

a  +  x

P233 • Pl3J
a  +  x  +  6 b

g-3 =  (!  -  P132)

Pis

(
1 + Pl3~

a + x  a + x  +  2b

P 2 3 • P i  3
a 4- x  +  2b

+

+

15.

+ Pis
x +  4b a +  x +  6b + ) 16.

12 .

By the same way of reasoning we get as an 
expression for the potential in a point on the 
surface of the medium p3 a t a distance 
x (<  b) from the first boundary plane :—

Computations after equations 12, 14, and 
16 for a =  100 and different values of b and

the resistivity ratio — will give curves like 
Pi

those drawn in Fig. 5, where the plotted 
values represent the ratio between computed 
potential and normal potential, in the same 
way as in Fig. 3. The dotted curves refer 
to a resistivity ratio between the “ vein ” 
and “ the country rock ” of 3 : 1 ,  the solid 
curves to a resistivity ratio of 10 : 1, the 
different values assumed for the width of the 
“ vein ” are 5, 10, 20, 40, 100, and so on.

A study of Fig. 5 reveals th a t the 
“ saturation effect ” mentioned above by 
the discussion of Fig. 2 exists also in this
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Fig. 6.

case, but only for large widths of the vein. 
For instance, a t a w idth of 100 the increase 
of potential above the norm al a t the first 
boundary plane is 35% for a resistivity ratio  
of 3, 65% for a ratio  of 10, 75% for a ratio 
of 20, and 100% for an infinite ratio. How
ever, a t a w idth of 10 the corresponding 
figures are 10, 27, 39, and 100%, showing 
th a t considerably higher resistivity ratios 
are needed in this case in order th a t the 
anomaly m ay approach its saturation  value. 
In  other words, the smaller the w idth of the 
vein the sharper the contrast will be between 
an anomaly caused by m oderate resistivity 
ratio and high resistivity ratio.

Fig. 6 represents the same conditions as 
Fig. 5, with the exception th a t the resistivity 
ratios are inverted, th a t is, the “ vein ” is 
assumed to  be a be tte r conductor than  the 
“ country rock.” I t  m ay be noted th a t the 
potential distribution on the back side of 
the vein is identically the same w hether 
the resistivity ratio  is 3 or 10 or % , etc.

Fig. 7 shows another way of representing 
the above results. Here the solid curves 
refer to  the resistivity ratio  10, the  dotted
curves to  the ratio T o - The w idth of the

is rr, the electric field expressed in this normal 
V

1 dP
value as unit will be — — . —  . I2. If we call 

E dl
the function of 1 represented in Figs. 5, 6, 

P
and 7 for F  =  — . 1, we get :—

E
d F
dl

d P  P  
E  ' dl ^  E

Consequently, the electric field, expressed 
in the norm al electric field as unit, will be

l d P  
E  ' d l '

F  -  1
d F
MI

The values F  and 1
dF

' dl
can both be taken

out of Figs. 5, 6, and 7, where the  ordinate 
values represent F, the distance from the 
power electrode is =  1 and the tangent of

dF
the angle of slope of the curve is =  - jr  ■ (the 

dF

vein is assumed constant =  10, and the 
different curves show the potential expressed 
in norm al potential as unit, for different 
distances a to  the power electrode. I t  may 
be noted th a t the m agnitude of the anomaly 
increases when the power electrode 
approaches the vein.

If it is wished to  study the electric field, 
instead of the potential, for the conditions 
shown in Fig. 4, it is possible to  compute in 
the following way the electric field, expressed 
in normal electric field as un it : If the
potential a t a distance 1 from the power 

p
electrode is —, the electric field in the same 

E
. . 1 dP

p o i n t  IS  —  g . - j p As the “ normal ” field

product 1. will evidently be the same

w hether taken out of Fig. 5 or Fig. 7).- 
If we now take as a measure of the magnitude 
of anomaly the electric field, in normal field 
as unit, over the centre of the vein, we can 
use values taken  out of Fig. 5 and construct 
curves like those shown in Fig. 8.

A study  of Fig. 8, in comparison with 
Fig. 5 shows th a t for small widths of the 
“ vein ” much larger anomalies will be 
obtained above the vein if the electric field 
is measured and expressed in normal field 
as unit, than  if the potential is determined 
and compared with the norm al potential. 
Fig. 8 also shows th a t for large widths of 
the vein high resistivity ratios do not give 
very much higher anomalies than  com
paratively small resistivity ratios, while for 
decreasing w idth of the vein the importance 
of higher resistivity ratios increases rapidly.

P o s s ib il i t ie s  o f  A p p l ic a t io n . From the
above theoretical investigations it is evident

* 1 ,
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tha t a vertical contact, namely, a fault 
plane or a vein, which extends to the surface 
and is hidden only by a thin layer of over
burden, can be readily located by potential 
determinations, provided th a t the resistivity 
ratios referred to above are sufficiently large. 
It is also evident th a t it is more advantageous 
to measure the potential drop per unit of 
length (potential gradient or electric field) 
than to determine the potential, since in this 
way much stronger indications will be 
obtained above a vein (except where the 
vein has infinite thickness, th a t is, in the 
case of a contact). The anomaly in this 
potential gradient, as Fig. 8 shows, decreases 
with increasing w idth of the vein and its 
minimum value can thus be obtained from 
the expression given in equation 7 for the 
potential gradient on the “ back side ” of a 
contact. This expression, divided by the 
" n o r m a l ” potential gradient gives as the

size of the minimum anomaly 1 -)- — ^>1
2 P2 +  Pi

or — ™— , so th a t a 10% resistivity differ - 
9 2 +  Pi

ence will give a  minimum anomaly in the 
potential gradient of 5%, a resistivity differ
ence of 20% will give an anomaly of roughly 
10%, and so forth. Since now an anomaly'of, 
for instance, 10% in the electric field con
stitutes quite a clear indication by an electric 
survey, it is thus evident th a t these measure
ments are a very sensitive means of detecting

the presence of hidden contacts or veins. 
This is especially true when considering tha t 
the resistivities met with in nature show a 
very vivid variation between different rocks, 
so th a t the difference in resistivity between 
two adjacent formations is more likely to 
am ount to  several hundred per cent, than 
to  only a few per cent. This is dem onstrated 
in the table below, which gives some examples 
of the resistivities of different rocks :—

Resistivity in  
ohm.-cm.

Base m eta l ores . . . 1-1,000
Clays, sands, a lluvial deposits,

drift, slope wash, soil . . 50-30,000
Shales, slates, sandstones, lim e

stones . . . .  1,000-50,000
C rystalline schists, gneisses,

igneous rocks . . . 20,000-1,000,000
Q uartzites and  qu artz  veins . up to  15,000,000

While the good electric conductivity of 
base m etal ores is due to  conditions 
similar to those in metallic conductors, the 
ability of a  normal rock formation to 
transm it electricity is due almost entirely 
to  the moisture it holds in its pores and 
fissures. The electrical conductivity of this 
moisture, in turn, is due to  the minute 
quantities of dissolved salts th a t it contains. 
The explanation of the large resistivity 
variations shown in the above table is thus 
th a t both the salinity of the moisture and the 
am ount of moisture held per cubic foot 
vary  considerably from one rock formation 
to another.
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lorffijl p;: 
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From  the above considerations it follows 
th a t very good possibilities exist of locating 
hidden contacts and veins by “ electrical 
trenching,” under the conditions assumed 
above, th a t is, w ith very th in  or non-existent 
overburden. I t  is evident th a t increasing 
thickness of the overburden will change the 
conditions in the electric field a t the surface 
in such a way th a t the m agnitude of the 
indications caused by quartz veins, etc., 
will decrease. This will especially be the 
case where the overburden has considerably 
lower resistivity than  the underlying rock 
formations. By sufficient thickness of such 
an overburden one m ight expect th a t most 
of the electric current will travel through the 
overburden unobstructed by inhomogeneities 
in the underlying rocks, and th a t con
sequently no indications will be obtained 
from hidden quartz veins, etc.

Fig. S.

An investigation of this influence of the 
thickness and resistivity of the overburden 
is most conveniently done experim entally. 
The results from such experiments have 
shown th a t even under the extrem ely 
unfavourable conditions of 60 ft. of over
burden with 40 times lower resistivity than 
the underlying rocks, a “ non-conducting ” 
quartz vein 6 ft. wide will still give a clear 
anomaly in the electric field a t the surface 
of the ground. Under the same conditions 
bu t with the same resistivity for the over
burden as for the underlying rocks, the 
indication of the quartz vein will be about 
ten tim es stronger. W ith decreasing th ick
ness of the overburden, the anomaly will 
increase further up to  the m aximum value

Fig. 3

obtained when the overburden is non
existent or only a couple of feet thick.

For the conditions under which “ electrical 
tren ch in g ” will most commonly be applied, 
th a t is, for thicknesses of overburden from 
a few feet up to, say, 100 ft., the method 
will thus generally be more than  sufficiently 
sensitive for the  detection of contacts or 
veins in the bedrock. As an example of this 
m ay be cited an instance from recent 
prospecting work on Sum atra, where an 
extension of a  known auriferous quartz 
vein covered by more than  200 ft. of over
burden gave a pronounced indication and 
was easily located by " electrical trenching.”

F ie l d  P r a c t ic e  a n d  A p p a r a t u s .—As 
already m entioned above, the electric current 
used by “ electrical trenching ” is conveyed 
to earth  by means of a grounded electrode 
w ithin the area of investigation. The other 
electrode needed to  complete the circuit is 
grounded half a mile to  a mile away and 
connected with the first electrode by means 
of a th in  insulated wire, which is supplied 
w ith electric current from a small motor- 
generator. A lternating current of about 
300 cycles is used, which for several practical 
reasons is to be preferred to  direct current, 
while on the other hand the measurements 
w ith this low-frequency alternating  current 
give very nearly the same results as with 
direct current. By means of special measuring 
apparatus the potential distribution is now 
studied along a straight line starting  near 
the first-m entioned electrode and running 
away from both prim ary electrodes, across 
the anticipated strike of the contacts, faults 
or veins prospected for. If this “ profile 
of survey ” is made very long it will 
be advantageous to  extend the cable line 
and move up the nearest prim ary electrode 
to the neighbourhood of the measuring

T?77777777777n7777777777777m777777777777777777777>

Fig. 10.
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apparatus, when the survey has proceeded to 
a distance of a few hundred yards from the 
first position of the electrode. Proceeding 
in steps in th is way the desired length of 
profile is completed, the whole arrangement 
is then moved over to  a parallel profile 

¡placed fifty yards or a few hundred yards 
I away, according to  the need for detail, 
and in this way the whole area of investiga

tio n  is rapidly covered by straight line 
¡traverses electrically surveyed.

According to  the theoretical considerations 
above the  best way of studying the potential 
distribution along the profiles of survey is
4—4

II .

to  measure the potential gradient. As an 
approxim ation to  this the potential drop per 
unit of length or per, say, 30 ft., can be 
measured. This can be done by means of the 
Larsen compensator arrangement, which is 
schematically shown in Fig 9.

In  this arrangem ent a secondary circuit 
is used, which is supplied by current from a 
transform er on the prim ary cable line. From 
a potentiom eter and a variom eter in the 
secondary circuit two variable auxiliary 
voltages can be taken out, which are used to 
compensate the potential drop between the 
pick-up electrodes C and D. (Compensation

-s.oo
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occurs when the indicating instrum ent G 
shows th a t no current is passing through it.) 
The two auxiliary voltages used have a 
phase difference of one-quarter cycle (90°), 
and as their strength  can be varied at will 
it is evident th a t they can be used to  com
pensate any potential drop of any phase 
th a t might occur. Since the strength of the 
auxiliary voltages varies in direct proportion 
to  the prim ary current I, it is further easy 
to  calibrate the arrangem ent in such a way 
th a t the readings give the measured voltage 
drops along the surface in semi-absolute units 

P  — Poon the f o r m - - -  2. By m ultiplying these

277-readings w ith —  (see expression 1 above)
Pi

1 P i - P 2one thus gets the expression — — .  j —

which is an approxim ation of the expression
1 dP

used above for the electric field— -r-.E  dl
A practical disadvantage of the above 

arrangem ent lies in the use of the long leads, 
which will be required between the prim ary 
circuit and the measuring arrangem ent, and 
which will ham per the survey. This draw
back is eliminated if the arrangem ent shown 
in Fig. 10 is used, which measures the ratio 
between consecutive potential drops. By 
means of this “ ratio compensator ” or 
“ ratiom eter ” it is evidently possible to 
determine, in successive steps, the relation 
between all potential drops along a profile 
of survey, and consequently to  express the 
potential drop per unit of length all along the 
profile in the same arbitrary  unit. This is 
all th a t is needed for the purposes of electrical 
trenching ; the fact th a t the semi-absolute 
values of the potential drops are not 
determined in this way is therefore no 
disadvantage.

This “ potential drop ratio  m e th o d ” was 
first used in 1928 by the Im perial Geo
physical Experim ental Survey during its 
campaign in Australia, and the first 
descriptions of the m ethod were published 
early in 1931. (Broughton Edge, Nature, 
January  3, 1931.) The ratiom eter described 
by Edge in this article consists in principle 
of a bridge, as shown in Fig. 10, with two 
large variable resistances, R x and R 2. These 
resistances are adjusted until no current is 
flowing through the indicating instrum ent G. 
If the contact resistance a t the pick-up 
electrode C is Rc and a t E  is R e and the 
potential a t the three pickup electrodes is

210 T H E MINING

P 2, and P 3, it then follows th a t
Pi  P2   R c — R i
P 2 — P 3 Re +  R 2

If the variable resistances R x and R 2 are 
kept sufficiently large in comparison with the 
contact resistances, the ratio  between the 
two potential drops is given w ith sufficient

accuracy by the ratio  — The  errors
2

arising from this approxim ation will, accord
ing to Edge, be negligible if a minimum 
value of 50,000 ohms is m aintained in each
arm of the bridge, since the contact
resistances R c and RE will generally be 
less than  a thousand ohms. I t  should be 
pointed out here, however, th a t dry and hard 
ground will often give much higher contact 
resistances than  a thousand ohms and that 
it will often be difficult and time-wasting to 
bring these resistances down to the allowable 
value. Since by th is m ethod it is further 
impossible to  know whether in the course of 
a  survey the contact resistances in some places 
have happened to  exceed the allowable, the 
risk for serious errors is always present.

I t  is, therefore, preferable to use the 
ratiom eter or ratio  com pensator in the 
following w a y : After adjusting the two
resistances R i and R 2 as before until the 
bridge is balanced, which we assume occurs 
for the resistance values R J  and R 2', the 
resistance R x is readjusted to  another value 
R / ' ,  whereupon the bridge is again balanced 
by adjustm ent of the  resistance R 2 to a 
value R 2". Instead of the expression above 
we then get :—
P1 -  P a  =  R c  +  R f  =  R c  +  R R  =  R f  -  R 2"  
P 2  —  P 3  R e  +  R 2’ R e  +  R 2 '  R 2'  —  R 2"

which shows th a t the influence of the contact 
resistances in this way is to tally  eliminated, 
so th a t the exact potential drop ratio is 
obtained as the ra tio  between the two 
resistance adjustm ents R x' — R x" and 
R 2' — R 2” . The readings taken in this way 
are obtained very quickly and accurately 
once the bridge has been balanced, so that 
no objection exists against the method in 
regard to  its speed and accuracy.

This ratio  compensator m ethod has first 
been described by Lundberg and Zuschlag 
in “ A new development in electrical 
prospecting,” A.I.M.M.E. Tech. Pub. No. 
415. The elem entary ratio  compensator 
arrangem ent shown in Fig. 10 is, in the 
field instrum ents, augm ented by  provisions 
for the compensation of phase differences

MAGAZINE
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Fig.

between the two potential drops, so th a t a 
sharp balancing of the bridge can be obtained 
under all conditions. In  the ratiom eter 
described by Edge, this is effected by the use 
of variable capacities in the two arms of the 
bridge, in the ratio compensator described 
by Lundberg-Zuschlag a variable inductance 
is used to  create an out-of-phase voltage 
for compensation of the phase differences. 
In the la tte r arrangem ent the indicating 
instrument is a  telephone, the impulses 
being stepped-up by means of a high- 
gain amplifier, which acts a t the same 
time as a filter for overtones and, when

12.
using very low frequencies, as a frequency 
converter. The apparatus is light, and can 
be used almost everywhere, on lakes and 
moors as well as on dry ground, in thick 
woods or jungle as well as on open fields. 
The speed of a survey using such an outfit 
generally averages about 1,000-1,500 ft. of 
traverses per day, when the measurements 
proceed in steps of 30 ft. The personnel 
needed in addition to the observer is only 
five untrained helpers. Regarding the 
planning of the work and the interpretation 
of the results the same rule applies as for all 
geophysical work, namely th a t it should only
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be undertaken by experienced experts 
possessing the necessary knowledge of geology 
and physics.

E x a m p l e s  o f  P r a c t ic a l  R e s u l t s .—The 
process of “ electrical trenching ’’has recently 
been used at the Lebong Donok gold mine 
on Sum atra, which is being worked on a wide, 
steeply dipping quartz vein, with liparite 
on the foot-wall side and hypersthene 
andesite and Miocene sediments in the 
hanging-wall. Fig. 11 shows the very 
pronounced electrical indications obtained

over th is deposit, in spite of the deep cover 
of overburden. In  the  figure the ratios 
between successive po ten tial drops along 
the traverse have been plotted, as obtained 
by the ra tio  compensator apparatus referred 
to  above. Fig. 12, which is from the same 
electrical survey, shows the  electrical 
indication of a  contact, as well as the geologic 
information obtained in a subsequent check 
tunnel which was driven on the electrical 
results. According to  the mine management 
the results from the geo-electrical survey

-  2 .00
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seem to  agree very well with the geologic 
data from subsequent development work.

Fig. 14 shows an example of the results 
from “ electrical trenching ” a t another gold 
mine on Sum atra, where the gold-bearing 
quartz veins were readily located electrically.

The method has also recently been used in 
Quebec, Canada, and in the Philippines in

prospecting for auriferous quartz veins. 
From  the locality on Luzon where such work 
is a t present going on, the latest reports 
relate th a t electrical indications were 
obtained on traverses through the jungle, 
and th a t digging on these indications revealed 
remains of old workings from ancient gold 
mining activities.

PROSPECTING FOR ALLUVIAL DEPOSITS
By A. F. SKERL, A.R.S.M.. B.Sc.

In this artic le  th e  a u th o r , in th e  ligh t of h is  ow n ex p e rien ce , m akes specia l re fe re n c e  to th e  N o r th e rn  N ig e rian  tinfield.

Alluvial deposits, including those con
taining minerals of economic value, are, of 
course, all derived from rocks existing 
previously to  their formation and they may 
be broadly classified by their relation to  the 
present or past drainage systems. Such a 
classification is set out in the following table 
and this omits all reference to  those types of 
deposit term ed eluvial and littoral.

Cl a s s if ic a t io n  o f  A l l u v ia l  D e p o s it s .—
Group A .— Related to the present river 

system \—
Class 1.— In the present river bed.
Class 2.— In  side channels :—
(a) Higher than  present adjoining river 

bed (terraces).
(b) Lower than  or a t the same level as the 

adjoining river bed.
Class 3.—In deserted valleys and channels, 

often not a t once apparent from surface 
indications.

Group B .— Not related to present river 
system :—

Class 4 .— Buried under alluvial, volcanic, 
seolian, or glacial accumulations.

Class 5.—Relics of ancient river systems 
destroyed by uplift.

Although possessing a common origin, 
alluvial deposits may, by subsequent natural 
occurrences, progress from one class to 
another ; for example, Class 1 by change of 
course of the river moves to Class 2. Should 
either Class 1, 2, or 3 be submerged by other 
deposits an entirely new river system may be 
formed having no relationship to the old. 
By strong upw ard earth-m ovem ent a new 
river system may be so rapidly developed th a t 
parts of the older may be left as elevated 
relics which, of course, tend to disappear as 
erosion proceeds.

Deposits so situa ted  th a t they can be most 
profitably mined by underground methods

m ay be term ed “ deep leads,” and although 
it m ay be pointed out th a t fairly deep pay- 
washes are won by open-cast methods and 
th a t m any quite shallow deposits are worked 
by underground mining, the name suggests 
an underground m ethod of ore extraction.

One or more of the above classes of alluvial 
deposit may be noted on any of the alluvial 
minefields of the world, and in N. Nigeria 
each is represented on the P lateau or on the 
Plains around. Briefly described, the 
geological history of the Nigerian Plateau, as 
interpreted by the Geological Survey of 
Nigeria, is as follows :—■

1.—The intrusion of a Younger Granite 
into a series of metamorphic rocks already 
intruded by Older Granites.

2.—The mineralization of the Younger 
Granite and the adjacent older rocks more 
especially a t the crown of the batholith.

3.—The erosion of the whole series with 
deposition of tinstone in a drainage system 
which became buried under a series of 
alluvial, volcanic, and eluvial accumulations 
(termed as a whole the Fluvio-Volcanic 
series).

4.—The elevation of the Plateau portion of 
the granite batholith and renewed erosion 
of the granite and Fluvio-Volcanic series, with 
re-deposition of tinstone along new drainage 
lines.

5 .— Recent lava-flows covering large areas 
of the P lateau.

I t  is little wonder th a t the discovery of the 
rich deposits of the P lateau where the 
natu ra l facilities for mining are greater, w ith
drew attention  from those areas off the 
Plateau which had undergone but the first 
three of the above m entioned stages and 
consequently little reconcentration of then- 
secondary deposits. For this reason there 
are to the north of the P lateau but few



TH E  MINING MAGAZINE

alluvial deposits the relation of which to the 
present river system  cannot readily be seen.

Group A Deposits.—As m ay be known, 
random  prospecting, though possibly quite 
cheap per foot, m ay be very expensive when 
measured by results, and it is therefore highly 
desirable th a t prospecting should a t first be 
confined to  places where there are chances 
of successfully locating payable ground con
forming to  one or other of the first three 
classes previously given.

A Class 1 deposit is usually first suspected 
on rivers running in or from the rocks known 
to  carry mineral, and alluvials in the upper 
reaches of the rivers often lead from eluvial 
deposits just below the prim ary source. 
The finding of payable wash or even traces of 
m ineral in the river bed leads to  the quest 
for terraces or side channels, especially where 
the river leaves the hills, th is being the most 
likely place for a flood plain a t the head of 
which m ay occur the richest deposits. Flood 
plains w ith rich leads m ay also be situated in 
the hills.

W hen prospecting for Class 3 deposits, 
there is usually much less upon which to 
base operations. Sometimes a river bed will 
be found to  carry mineral for some distance 
and then become unexpectedly barren. 
Search above the last occurrence of mineral 
m ay show where the river formerly flowed 
before diversion by choking or being beheaded 
by another river. In hilly country channel 
desertion often leaves a stream , albeit small, 
in the deserted channel, bu t where low 
gradients prevail the site m ay appear as a 
flat w ithout any well-defined drainage.

Much has been w ritten  upon the  “ law of 
the paystreak ’ ’ and m any attem pts have 
been made to  evolve a formula sufficiently 
comprehensive to embrace the majority of 
alluvial deposits. I t has been sta ted  that the 
paystreak will occur a t the head of the flood- 
plain, i.e. a t the lower end of the valley 
where the river leaves the hills and enters the 
plain. W hilst this is often the case, other 
paystreaks quite as rich m ay occur out on 
the plain a t some distance from the hills 
which have been denuded and cut back. The 
accompanying diagrams illustrate such a 
possibility.

Fig. 1.— This shows a dome with Younger 
Granite in truded into softer rocks and 
mineralized a t the  crown of the  intrusion. 
(Figs. 2-5 have only one side of the dome 
shown.)

Fig. 2.—This shows incipient erosion by a 
river, and in Fig. 3 a part (A) of the
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mineralized rock has been eroded and its ore 
contents deposited a t A v

In Fig. 4 the  rem ainder of the mineralized 
rock (B) has been eroded and its ore contents 
deposited a t B x above A, which has mean
while been moved downstream to A 2.

Fig. 5 shows the deposit (A3B 2) to  be 
now below flood-plain C at foot of hills. The 
downstream movement of AB will become 
slower as the river tends to  reach its base 
line of erosion, or may even stop should the 
river find another course.

From general considerations of the geology 
of denudation by rivers, it is seen th a t whilst 
alluvial deposits m ay appear to  occur 
haphazardly, in reality  they represent but a 
few pages of the history of the river engender
ing them. Only in the simplest cases will the 
position of paystreaks be deduced with little 
preliminary prospecting.

The life of a river is largely bound up in its 
gradients and the character and structure of 
the rocks along its course, each of which 
varies either in time or place or both. When 
to these variants are added the effects of 
climatic changes, volcanic eruptions, and 
earth movements, the degree of complication 
of the life history of m any of the rivers of 
N. Nigeria may be conceived. In so far as the 
flood-plain is usually a gradient-change-point, 
deposition of heavier particles may be 
expected, but not necessarily all the valuable 
heavy mineral will find a perm anent resting 
place there. On the contrary, river spate will 
carry much m ineral along the river course 
into regions of lower velocity where rolling 
is the main m ethod of progression. From 
time to time a river may have changed its 
course and yet no indication of former 
channels may be apparent on the surface.

It is for these reasons th a t prospecting for 
payable alluvials is still largely a m atter of 
trial and error, reduced, as much as possible,

by the continued and careful correlation of 
all inform ation as it is obtained. I t  m ust be 
borne in mind th a t present conditions may 
give no clear indication of the gradients 
prevailing a t the tim e of the erosion of the 
prim ary deposit, and the altitude of this 
latter, where it m ay be deduced relative to 
the bedrock, may possibly reduce the region 
to  be prospected. Much might be learnt from 
a compilation of vertical and horizontal 
displacements between the prim ary deposit 
and its payable secondary deposits in cases 
where these distances can be fairly accurately 
determ ined (Fig. 6), for the average of the 
minimum gradients so found should to  a 
certain extent be constant, on the assumption 
th a t after a considerable time such low 
gradients are a tta ined  th a t movement ceases 
or results in the impoverishment of deposits 
by the gradual a ttrition  and removal of ore 
particles. For tin  in N. Nigeria off the 
P lateau the w riter considers th a t distances of 
L greater than  30 H are unlikely to yield 
payable deposits.

There seems to be good reason to believe 
th a t desert conditions prevailed in N. Nigeria 
during geologically recent times. The two 
following cases of river diversion which 
occur on the properties of the Gold Coast 
Consolidated Lands L td., to whom the writer 
is indebted for permission to  publish these 
notes, m ay be due to  seolian accumulations, 
in part a t least.

In  the first (Fig. 7) the original course of 
the river is shown by the pay ground 
deposited in the flood plain a t the m outh of 
the valley. Upon 6 ft. of river gravels and 
clays lie about 15 ft. of clay-loam, yellow to 
red in colour, and not clearly stratified. 
I t  contains no river gravel, but is some
times gritty . About 6 ft. of this m aterial 
m ust have been laid down before the present 
river channel A -B was available to the river.
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In  the second case (Fig. 8) the river flows 
for nearly a mile in a fairly wide valley in 
which it had deposited a great deal of highly 
stanniferous alluvium. As soon as it left 
the valley, however, only traces of tinstone 
were found in or near the river bed. A t X 
a small am ount of payable wash was 
found, and pitting  by lines below this across 
the  direction of the valley above, proved a 
well-defined buried channel with typical 
river gravel, but unfortunately no payable 
wash was found. Here again, the over
burden was loam-clay often as much as 20 ft. 
thick. In  each case the flood-plain was 
found by pitting  across the prolonged axis of 
the valley.

In  the  w riter’s opinion much th a t is 
described by the Geological Survey of Nigeria 
as rain-wash and rock decomposed in  situ, 
is akin to  the  Loess of Eur-Asia. I t  extends 
over considerable areas of N. Nigeria, is 
rem arkably constant in appearance, occurs 
a t various heights, and apparently  changes 
tow ards the N orth and E ast into the sands 
of the Sahara Desert, whence blow the dust- 
bearing winds of the dry season. There seems 
to  have been a protracted  period of dessica- 
tion, when the lesser irregularities of the land- 
surface such as river channels, were largely

obliterated by considerable depths of sand 
and dust. W hen the pluvial period resumed 
its sway the large hill-masses acted as primary 
w atersheds and the m ain drainage lines lie 
between them  as before, bu t the tributaries 
possibly found old channels inaccessible, and 
it is therefore possible th a t much tin-bearing 
wash m ay lie concealed especially in and 
around the Younger Granite hills north of 
the Plateau.

I t  sometimes happens th a t possible sites 
of deposit present an unfavourable aspect. 
For example, in one area, prospectors pitting 
through clay h ad  found laterite  resting upon 
bedrock. All succeeding pits reaching 
laterite were abandoned on the assumption 
th a t bedrock was directly below. The place 
was seen to  be a likely site for an ancient river 
bed on the axis of a valley in the Younger 
Granite, and close to  the  contact between 
the Younger and  Older Granites. Pitting 
across the prolongation of the  axis of the 
valley located a lead under a top  clay and 
bed of laterite formed a t the underground 
w ater-table by the oxidation of ferruginous 
solutions arising from the decomposing 
bedrock. (See section, Fig. 9.) This deposit 
was drained by an adit and cross-cuts and 
the bedrock dried to  become sufficiently firm
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to permit the use of props. The laterite 
roof was very sound, and a long wall 
retreating m ethod of mining gave complete 
extraction.

Group B  Deposits.—The position of those 
secondary deposits not related to the present 
river system can often be only vaguely 
surmised. Only by the careful study of 
known deposits of th is type and of their over
burdens can the conditions under which 
others may be found be recognized.

P u r p o s e  o f  P r o s p e c t in g .— Prospecting 
for alluvial deposits has for its objects the 
finding of payable ore, its position, quantity , 
and grade. In firm ground which can be 
drained, quite low average overall values 
become payable if the mineral content is 
sufficiently concentrated. For example, 
0-4 lb. per cu. yd. average overall, 60 ft. 
deep, all tinstone in wash 3 ft. thick might 
be profitably worked by underground 
methods, although the percentage mining 
extraction m ight not exceed 70 if tim ber 
were not used.

The values in dredging ground may be very 
small, but either the mineral contents must 
not be concentrated on a hard uneven floor 
or the bedrock m ust be soft. Other 
mechanical plants (excluding hydraulicking) 
usually require considerably higher average 
overall values according to the conditions.

In those forms of alluvial mining in which 
the wash is treated  apart from the over
burden it is of the u tm ost importance th a t 
its thickness and value be known before
hand. For example, assuming stripping
overburden costs 5d. per cu. yd., and treating 
wash costs Is. 8d. per cu. yard, and th a t the 
ground is 36 ft. deep, average overall content 
1 lb. per cu. yd., and th a t the wash is in 
the one case 1 yard thick and in a second 
3 yards thick, then, dealing with a column 
with base of 1 sq. yard :

Case I .— O verburden 11 yards a t  5d. . 55d.
W ash 1 „ a t  20d. . 20d.

12 „ 75d.
Cost per lb. of tinstone— 6Jd.

Case I I .— O verburden 9 yards a t  5d. . 45d.
3 ,, a t  20d. . 60d.

12 „ 105d.
Cost per lb. of tinstone— 8fd.

Rich washes a t considerable depths, and 
those with hard  overburden, are usually won 
by underground methods if possible. For 
example, assuming in the above case th a t the

wash thickness, or mining w idth including 
all the wash, was feet.—

Case I I I .— O verburden 10£ yards a t  Od. . Od.
W ash l |  ,, a t  40d. say, 60d.

60d.

Cost per lb. of tinstone 6-7d. assuming 
recovery 75%. The cost in this case is almost 
independent of the depth of the wash.

M e t h o d s  o f  P r o s p e c t in g .— Trenching is 
a good m ethod in ground up to  15 ft. deep 
especially where the direction of the lead is 
fairly well known (e.g. in narrow valleys), as 
narrow, possibly rich, leads are almost 
certain to  be picked up. Paddocks are some
times made to obtain large bulk samples, but 
usually only after drilling has given good 
indication of values. This m ethod is useful 
in very loose ground where other methods 
give uncertain results.

Drilling  is the most suitable form of 
exploration in m any cases, and is the only 
one possible where the ground is waterlogged 
throughout the year or is over 80 ft. deep, or 
is very loose wholly or in part, and for rainy 
season prospecting. Where, however, hard 
boulders occur in the alluvium and where 
there are very hard  beds the ordinary hand 
operated drill is useless, often misleading as 
to  bedrock, and power drills are necessary.

Pitting  is the oldest m ethod and is still 
very much used. Depths of 80 ft. and more 
have been p itted  using simple manual 
hoisting gear. The ground m ust be firm, and 
not waterlogged.

W ater is the chief obstacle to  the use of 
this method, often not because of its quantity , 
but because in the confines of a pit it causes 
washing down of the sides. Quite loose sand 
can be p itted  if there is no water, and care is 
taken to  provide ladders. Running silt 
cannot be p itted  through safely, although 
pitting  “ boys” sometimes pass through six 
inches or so of silt by letting it run out 
somewhat, and filling the cavity with grass- 
sods and leaves.

Lateral exploration from deep pits may 
make fewer pits necessary if the ground is 
sufficiently firm, bu t is only cheaper in deep 
ground as the cost per foot of tunnel is 
usually from 3 to  4 times the cost per foot 
of pitting to  average depths, say 30 ft.

Often at the beginning of the pitting season 
the water table is too high for rapid progress. 
By paying the labourers on a scale in which 
the top few feet of a pit are paid a t a rate less 
than the average rate per foot, pits m ay be 
sunk to the w ater table, left till it falls, and
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then  continued. If paid at a uniform rate 
per foot “ boys ”  often leave after digging a 
few feet and being paid for them . The 
alternative, no paym ent until finished, should 
not be used unless there is a fair chance of 
completion.

P it (and drill) sites should be set out and 
surveyed simultaneously. Painting numbers 
on stones is very perm anent, bu t not so rapid 
in the field as having short pegs with 
num bered m etal plates nailed on. These can 
be prepared in camp from petrol tins, or 
be tte r still, th in  galvanized iron sheets, cut 
into suitable sizes.

The sampling or assay plan should be 
drawn to  a scale sufficient to  hold all useful 
inform ation : and data, such as the following, 
should be kept in a register for future 
reference.

values. If it be known th a t the overburden 
is valueless a single groove sample over its 
whole depth is sufficient as a check ; any 
suggestion of a top  wash, however, should 
be carefully tested. From  the pay dirt in 
the bottom  three equidistant vertical groove 
samples should be taken. Though apparently 
laborious these checks are alm ost invaluable 
in some ground, and the to ta l expense is little 
more than  th a t for the first sample. In ground 
of almost uniform grade the values should 
agree fairly closely (and possibly for this 
reason such ground m ay need but one sample 
per pit) but for ground where the ore is in 
streaks or patches the average should be 
taken. In  groove sampling it is essential 
th a t the volume of the d irt washed to  obtain 
the sample be determ ined as accurately as 
possible by experim ent for each kind of wash.

A r e a . L ea s e  N o .

P it No. 

No. 5

Pitting Boy Depth 
f t .

Anglo

Average 
Overall 
Value 

1-4

28

Paid  
s. d.

Date * Sam pling  
Overburden. Wash.

Tons
Cassiterite

6-44*

H .A .D . 
Surface 
136 ft.

H .A .D . 
Bedrock 
108 ft.

4-74 Av.
7 0 7/7/29 23 ft. T r. 5 ft. @ 8-9 V 7-8 

9-8 J

Remarks

Area of influence ” of p it  200 ft. by  50 ft.

The last two columns give contours of 
surface and bedrock, the former useful for 
leats, and the la tte r for drainage. Often in 
wide-flung scout prospecting the bedrock 
levels show where ore-bearing channels m ay 
be expected.

Overburden values should not be included 
in tonnage calculations unless the whole is 
to be treated. Usually some interm ediate 
p itting  is done to  determine more exactly 
the boundary of the payable ground. This 
avoids useless expense of removing an over
burden from poor wash. I t  is unusual for a 
deposit to have straight boundaries, and 
while “ is lan d s” of poor values in the 
deposit m ay be too small to  leave unworked, 
the working of unprofitable ground on the 
outer boundary is rarely necessary or 
useful.

In  the groove sampling of pits great care 
m ust be taken to  avoid digging too much 
from near the bedrock, where the greater 
enrichm ent usually occurs. For this reason 
pits are best sunk 6 in. to a foot into bedrock 
before sampling, when a more even groove 
may be expected at the level of the highest

Commonly, the volume in  situ  and the volume 
when dug of the  whole of the wash from one 
pit are compared, the former being expressed 
in cubic yards, and the la tte r  by the number 
of “ washing u n its ,” e.g. the  washing unit 
m ay be the content of a m arked calabash. 
The volume of th is calabash can be 
standardized by reference to  the weight of 
an equal volume of water.

Sampling by taking all or a portion of the 
wash dug from the pit is a very good method, 
but requires th a t the volume of the cylinder 
of wash ex tracted  be known, and there is 
danger th a t unless the  bedrock is entered 
for a short distance and the wash com
pletely extracted  the values found may be 
low because of rich wash left around the
bottom  of the pit. Also, an error of 5%
in measuring the diam eter of the cylinder of 
wash extracted  would mean an error of 
approx. 10% in the wash value adopted.

Greater progress can be m ade if pitting 
boys work in pairs, each sinking the first
few feet of his pit unaided and completing
it with the help of his partner. Occasionally 
natives will pool their labour, and in deep
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pitting, • especially where there is water, the 
extra assistance in bailing and hoisting is all- 
important.

Pitting has usually a footage per boy-day 
not less than  th a t of drilling and is somewhat 
cheaper and therefore, where possible, is to 
be preferred. European supervision is less 
than that required for drilling, and whilst 
old picks and shovels are used for pitting, 
depreciation has to be allowed on drills. 
Pitting gives check samples a t little extra 
cost ; drilling requires another complete 
operation for each check.

The best spacing of holes cannot be 
expressed as a  formula. I t  m ay be said th a t 
where the leads may be wide with respect to 
their length or where the direction of leads

is unknown, prospecting by squares is best, 
but it is possible if the squares are too large 
to  miss quite valuable ground, e.g. a square 
of 200 ft. of average overall content 1 lb. per 
cu. yd. and 30 ft. deep would contain nearly 
20 tons. If the values w arrant it, greater 
expenditure will usually be allowed, but 
counterbalancing this is the fact th a t larger 
deposits need fewer pits per acre to give a fair 
average result.

Some tin  bearing ground is proved by 1 hole 
per 2 acres, but in recent years several 
mines in Malaya have reported th a t closer 
drilling of rejected ground has increased ore 
reserves. The Nigerian tinfields usually 
require from 4 to  16 holes per acre before 
ground can be considered proved.

GOLD IN ECUADOR
By H. L. H O LLO W AY

T h e  au th o r briefly  d e sc rib e s  th e  h is to ry  o f gold m ining  in E c u a d o r  a n d  goes on  to  say som ething  of th e  origin of th e
p la c e r  deposits .

In the early days of the occupation of the 
Pacific Coast of South America by the Spanish 
conquistadores the kingdom of Quito, which 
now is part of the Republic of Ecuador, was 
famed for its richness in gold. H istory records 
that the king, Atahualpa, treacherously 
imprisoned by the Spaniards, offered to 
ransom himself by filling a council chamber 
with gold, which done, his captors afterwards 
put him to death. Yet in all the territory 
comprised in Ecuador to-day there is only 
one mine of any importance being worked for 
gold.

The question as to w hat were the sources 
of these early stores of the precious m etal has 
been answered in several ways. By some it 
has been contended th a t the gold was the 
result of the slow accumulation of centuries, 
the winning of which was made possible, 
not by the richness of the mines, but by the 
availability of a large am ount of practically 
slave-labour. By others it is held tha t rich 
placer mines did exist, but have been 
worked out. Others again have held 
that with the advent of the Spaniards 
the conquered people, fearing to awake 
further the cupidity of their captors by the 
winning of gold, ceased to  extract it and 
the secret of the locations from w-hich it was 
derived has been lost.

It seems certain tha t the gold won by the 
Incas was obtained almost entirely from

placers. The large placer areas th a t are now- 
known are as follows :—

1.—Those in the northern portion of the 
Province of Esmeraldas, watered by the 
Santiago River and its tributaries.

2.—Those in the district of Santo Domingo 
de los Colorados, situated in the western 
skirts of the Andes, in the Provinces of 
Pichincha and Leon.

3.—Those on the Napo River system, 
situated in the plains east of the Andes 
and E.S.E. of Quito.

4.—Those on the Santiago River system, 
east of the Andes, on the southern boundary 
of Ecuador with Peru (this Santiago being 
distinct from the river of the same name 
previously mentioned).

5.—Those on the Bobonaza River system, 
this river being a tribu tary  of the Pastaza 
in the Amazonian basin.

6.—Those on the m ountain plateau, in the 
Province of Azuay, the principal ones being 
at Collay, Ayon and Santa Barbara, 
Matanga, and on the Shingata River.

Minor placers occur in the Provinces of 
E l Oro and Loja on a num ber of streams and 
also on some of the tributaries of the Guayas 
River in the Province of th a t name.

In  the second half of the sixteenth century 
the Spaniards had developed considerable 
settlem ents for the winning of gold at 
Sevilla de Oro on the Upano, a tribu tary
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of the Amazonian Santiago ; a t Mendoza 
on the Palora River, this a tribu tary  of the 
Pastaza, and a t several other points in 
w hat is now the Province of the Oriente. 
Sevilla de Oro is recorded as having had the 
considerable population of 25,000 souls, but 
the  Indians, in one swoop, wiped out these 
settlem ents in the year 1599 so thoroughly 
th a t even the sites of them  have been lost. 
Of the placer fields which sustained Sevilla 
de Oro and Mendoza nothing w hatever 
is now known. The Indians in those parts 
are not gold winners and if the  lost placers 
are re-found it will be by white men.

As to  the origin of the known placers : 
In the province of Esmeraldas, towards the 
northern boundary with Colombia, there 
are large stretches of terraced alluvials, 
all more or less auriferous. Theodore Wolf,

in his well-written and generally reliable 
work on the geology of Ecuador, holds 
th a t these placers were deposited by 
a river system  th a t has now changed 
its orientation entirely and not by  the 
Santiago River in its  earlier develop
m ent. This theory is based m ainly on the 
fact th a t the old alluvial wash contains a 
considerable num ber of rocks derived from 
formations th a t only occur in the Central 
Andes, whereas the Santiago and its 
tributaries rise in the western slopes of the 
W estern Cordilleras. The alluvial banks, 
even along the com paratively small 
tributaries, carry dioritic and porphyritic 
components, yet nowhere do the actual 
rivers touch within scores of miles of 
formations from which these could have 
been derived.
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Wolf believes th a t the area now drained 
by the River Mira once discharged its waters 
much further to the south than at present, 
and tha t it was by th a t system th a t the 
alluvials were laid down. Certainly there is 
much in the arrangem ent of the banks 
to support this theory, for they extend 
from the tributaries of the Bogata in the 
north to the River Cayapas in the south, 
broken and irregular it is true, but never 
wholly absent.

It can be accepted th a t the bulk of the 
gold found in the present streams is derived 
from the erosion of these old alluvials, but 
there is nothing to  rule out the possibility 
that the rivers traverse auriferous formations

and themselves bring down a certain amount 
also. I t  is rare to find pieces of the original 
matrix adhering to the gold, bu t occasionally 
small nuggets found in the upper portion 
of the Cachavi are composed partly  of a 
milky quartz and partly  of metal. Pros
pecting for reefs in this area should first 
be confined to establishing whether or not 
the rivers in their upper courses above the 
alluvial banks are auriferous. If  so the 
usual methods of following up indications 
would be adopted, but if the upper courses 
gave no showing of gold it would be for 
the prospector to establish the original 
derivation of the wash and to find which 
of its constituents has shed the gold. This, 
in the lack of geological knowledge of the 
country and the intense difficulty of travel 
in a forested and mountainous region 
with few roads, would call for considerable 
work and time.

In Santo Domingo de los Colorados 
the auriferous formations th a t have shed 
the gold in the placers are probably contained

within the drainage area of the present 
stream s and there prospecting should not 
be so difficult.

The Napo River placers undoubtedly 
originate from the eastern slopes of the range 
of m ountains known as the Llanganates, 
situated to  the east of the main Andes, 
S.S.E. of Quito. Legend credits this range 
as being one of the chief sources from which 
the Incas drew their supplies of the precious 
m etal, but, leaving legend aside the greater 
number of the richer tributaries of the 
Napo rise in this entirely unexplored territory  
and the higher one ascends these auriferous 
streams the coarser becomes the gold.

In  the Napo basin there are vast alluvial

flats laid down by the present river and 
also terraces occurring on the higher 
levels, the origin of which it would be 
impossible to state w ithout considerable 
study. All are auriferous and without doubt 
the old terraces do their share towards the 
enrichment of the present river, although 
the bulk of the gold is brought down from 
the upper waters, probably from reefs.

Two of the lower tributaries of the Napo 
which carry considerable gold are the 
Payamino and Coca Rivers. A spur of the 
Cordillera de Galeras stretches between 
these two rivers and, as only the tributaries 
th a t rise in this spur carry gold it is to be 
supposed th a t the source of the m etal lies 
in auriferous formations contained in it. 
In this area either the early Spaniards 
or the Incas before them  have done a good 
deal of work on the alluvial flats.

The auriferous tributaries of the Amazonian 
Santiago traverse in their upper courses, 
for the most part, a  Palaeozoic or earlier 
schistose formation, which is criss-crossed

N a t iv e  W o r k in g  on  a T r ib u t a r y  o f  t h e  R iv e r  N a p o .
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by quartz veins and stringers, and the 
probability  is th a t it is these veins and 
stringers which carry the gold. The upper 
Zam ora is an exception to th is rule, for it 
cufs through igneous complexes containing 
well-defined quartz reefs. This river is, 
perhaps, the richest of all the larger ones 
in gold and its head-waters would bear 
thorough prospecting.

In the schist country, through which flows 
the Paute for the greater part of its upper 
course, there is little  probability of striking 
concentration of gold in any one spot which 
would be sufficient for exploitation. At 
places one sees the commencement of tunnels 
which have been started  in the schist and

from which the natives claim to have taken 
quartz studded with gold, bu t samples 
from such tunnels when assayed usually 
show no more than  a trace of the metal.

In  the Bobonaza River system  the gold 
is almost certainly of secondary derivation 
and it finds its way into the stream s from 
the very ancient rem nants of alluvial 
terraces with which the district is scattered. 
This view is based on the fact th a t m any 
of the stream s which are richest in gold— 
th a t is the R otuna Grande and the R otuna 
Chico, the Balsayacu, and the Sarayacu, 
—rise and flow entirely through late 
sedim entary formations, entirely free from 
igneous intrusions. The gold in these stream s 
neither tends to enrich nor to  become 
coarser upstream .

The Villano and Lliquino Rivers, which 
flow parallel to  and slightly to the north  
of the Bobonaza, carry gold, the occurrence 
of which is similar to th a t in the last 
m entioned river. T hat the sources which 
feed the Villano and Lliquino rivers are

distinct from those which feed the Bobonaza 
is proved by the difference in  the ley of the 
gold and also by the fact th a t there occurs 
a trace of platinum  in the Lliquino and 
in no other of the stream s. I t  is probable 
th a t both the Lliquino and the Villano 
Rivers rise in volcanic country, bu t if the 
gold was brought down from the head
waters it should follow th a t as one ascended 
the stream s it would become coarser 
and th is is not the case. Many of the low 
hills in this d istrict are capped with ancient 
alluvials, so much eroded th a t only remnants 
of them  remain, and whence these alluvials 
came would be difficult in the extreme to 
ascertain. The prospector searching for

prim ary sources in th is d istrict would be 
wasting his time.

The m ountain placers in Azuay Province 
are derived from the same schistose formation 
as those of the  greater portion of the 
Amazonian Santiago, although there are 
here other m etam orphic formations, 
principally quartzites, and some igneous 
intrusions. A t Ayon and Santa  Barbara, 
near the town of Sigsig, the gold won by 
the natives is coarse and sharp edged and 
certainly of quite local origin. The streams 
of Ayon and Santa B arbara have their sources 
in small lakes, high up the m ountain sides 
and within a mile or two of the placers, and 
the schist is here cut by  quartz  veins of 
some size. W hether the gold is derived 
from these veins or from the stringers which 
cross and recross the form ation in every 
direction a little  prospecting should be able 
to determine. In the placers of Collay, 
near the town of Gualaceo, and those of 
Shingata, near the town of Nabon, the gold 
is considerably more waterworn. The country

G o ld -B e a r in g  St r e a m , L l a n g a n a t e s .
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rock is again schist and it is probably the 
source of the gold.

The same schistose formation occurs on 
the western side of the Andes, in the 
Province of El Oro in the district of El 
Pasaje, and here again there are placers, 
although they are of little importance. The 
schist in this section is cut by numerous 
reefs of quartz, some of which are known 
to be auriferous.

In the Province of Loja the well-known 
gold-bearing district of Zarum a gives rise 
to many auriferous streams, among them 
being the Rivers Raspas, Colorado, and 
Tumbez. About six miles to the east of the 
town of Loja there has been found one of 
the few lode-gold mines worked by the 
Incas.

There are numerous other auriferous

areas th a t have not been mentioned in this 
description of the gold occurrences of 
Ecuador, either because there is too little 
definitely known of them  such—as is the case 
with those drained by the upper Aguarico 
and Sucumbios Rivers in the northern 
part of the Oriente—or because of their 
minor importance. There has been a 
certain am ount of exploration work in the 
Provinces of Loja, Azuay, and El Oro, 
bu t for the rest the greater portion of the 
gold-bearing territory has not been prospected 
and it comprises what is practically a virgin 
field. The many placers a ttest the existence 
in the past of prim ary sources, which must 
have been of some magnitude to disseminate 
gold over such enormous areas, and it is not 
reasonable to believe tha t all such sources 
have now become exhausted.

The I.M .M . B en evo len t Fund
The following further subscriptions to the 

Benevolent Fund of the Institu tion have 
been received in response to the appeal of 
Mr. Hugh Picard in the February issue of 
the Ma g a z in e  :—
Members a t Rio Tinto . £33 17s. Od.
W. Selkirk . £10 10s. Od.
South Kalgurli Consolidated £10 10s. Od.
R. J. Lemmon £5 Os. Od.
H. C. Boydell £ i 8s. Od.
T. Pryor £3 3s. Od.
G. W. Eaton Turner £3 3s. Od.
R. Goetz-Philippi £2 2s. Od.
L. E. Djingheuzian £1 17s. Od.
W. B. Pollard £ i Is. Od.
W. G. Wagner £ i Is. Od.
Amounts previously acknow

ledged £35 14s. Od.

Total £112 6s. Od.

LETTERS t o  t h e EDITOR
The Goldfields of Dutch West Borneo

Sir ,—I have read with interest the article 
in your February issue by E. J. Vallentine 
on “ The Goldfields of Dutch West Borneo,” 
in which he draws attention to the possibilities 
which the so-called Chinese districts of Dutch 
West Borneo seem to offer to dredging with 
up-to-date plant of large capacity. The 
conclusion of Mr. Vallentine is that, in view 
of the m arked advancement in dredging 
and other mining practice, the improvement 
in local conditions, and the growing demand

for gold, this district deserves more attention 
to-day. U nfortunately the literature which 
Mr. Vallentine quotes is not up-to-date, 
and it m ay be of some value to observe 
tha t since the investigations mentioned 
by Mr. Vallentine several others have taken 
place which have thrown new light on 
the geology of the district.

Several Government mining engineers have 
done a lot of exploration work not mentioned 
by Mr. Vallentine, bu t details of which are 
to be found in the Yearbooks of the Mining 
D epartm ent of the D .E .I. In 1925 extensive 
exploration by the Government took place 
under the direction of Mr. de Kroes as to 
the up-to-date dredging of the goldfields 
intensively worked in the past by the Chinese 
immigrants, but the results were unsatis
factory. Therefore, notwithstanding the 
fact th a t the Chinese immigrants seem to 
have obtained an astonishing gold production 
in the past, the prospects of dredging in the 
districts mentioned do not look very bright 
a t present. Still, where the production of 
alluvial gold has been stated to be a million 
ounces annually over several years it looks 
tem pting to try  to discover the prim ary 
deposits.

The question i s : Are these prim ary
deposits still present or have they all been 
eroded to the very roots ? The Government 
engineers did not succeed in discovering 
any im portant lodes or veins bearing gold. 
The outcrops of rich veins m ay have been 
worked by the Chinese as far as they could 
with their primitive machinery and these 
ancient works m ay now be covered by the 
dense vegetation of the tropics, so th a t the



224 TH E M INING MAGAZINE

possibility of the occurrence of veins and 
lodes is not exhausted. I feel, therefore, 
th a t the discovery of workable gold-bearing 
veins or lodes as well as low grade but 
extensive deposits m ay be regarded as 
possible still in the Chinese districts.

In  conclusion, Mr. Vallentine mentions 
th a t a concession for a term  of 75 years can 
be obtained on the production of proof 
th a t any specified m etal or mineral can 
be produced at a profit. This is not quite 
correct, as a concession is granted as soon 
as it is proved th a t the specified m etal or 
mineral occurs in a natural deposit from which 
its recovery is technically possible. This 
condition is far easier to  fulfil.

P. M . V a n  B o s s e .
The Hague,

February 20.

H ydraulic P ipe-L ines
S i r ,— I  read with interest Mr. Allen’s 

article in your December issue on the cost 
of an electro-welded pipe-line. The following 
figures for a cold riveted, slip joint pipe-line, 
head 182 ft., recently installed m ay be of 
interest for comparison :—•

Pipe m ade by  M eehan ; 14 gauge, 5 ft. lengths, 
shipped nested  to  be riveted  up in to  15 ft. lengths 
on th e  site.

Pipe sizes . . 3,850 ft. of 15 in. diam.
3,850 ft. of 13^ in. diam.

250 ft. of 12 in. diam.

T otal Length  . 7,950 ft.
The pipe sections were landed from a 

small boat through heavy surf on to a beach 
in canoes, thence 6 |  miles by river in canoes, 
followed by transport on m en’s backs 
for 6 miles to the site. First consignment 
landed on the beach December 10, 1930. 
R iveting started  along pipe-line trace 
January  23, 1931. W ater turned into 
pipe-line March 8, 1931. There were no
leaks in riveted joints, although all done
by entirely unskilled labour. In  coupling 
slip joints one tu rn  of baft w ith thick tar 
was pu t on before drawing the joint together 
w ith two bolts through the four lugs. A few 
small leaks a t joints between pipe and bend 
were easily and quickly caulked,

T otal cost, including supervision :—
R iveting  5 ft. lengths to gether to  

m ake 15 ft. lengths, coupling and 
caulking . . . . . .  84,440-05

Cost per foot of com pleted pipe 
(riveting, coupling, caulking, and  
supervision) . . . . . 5 4 - 6  cents
a t  4-86 equivalent t o . . . .  2s. 2fd.

The average wage of labour was $1-25 
U.S. currency per day at 4-86 equivalent 
to 5s. l jd .

F .  W .  L e ig h t o n .

Cucullo, Panam a.
January  1G.

BOOK REVIEWS
Lehrbuch D er B ergw irtschaft. By K.

K e g e l . Cloth, octavo, 653 pages, 
illustrated, w ith 95 statistical tables, 
and 20 specimen forms. Price RM. 48. 
Berlin : Julius Springer.

Mine economics in the broadest sense of the 
term  would include world and national 
mineral resources, bu t such an all-embracing 
subject being so big, the author has wisely 
lim ited his work to those questions of more 
direct concern to  the technical direction 
and to the mine officials, th a t is, to mining 
finance and mine m anagem ent. Even so, 
a large book in eight sections has resulted, 
these sections treating successively: The 
bases of the mining enterprise ; the labourer 
in the mine ; the organization of his w ork; 
the co-ordinating organization of the whole 
work ; the  scheme of development and of 
winning ; the equipm ent on surface ; mine 
m anagem ent ; and the valuation of mineral 
properties.

These eight sections do not all occupy an 
equal am ount of ground, nor are they all of 
the same degree of independence. The first 
section deals w ith the three bases of mining 
enterprises : The natural basis, tha t is, a 
mineral deposit of economic value ; the legal 
basis, th a t is, mining rights, privileges, and 
responsibilities ; and the financial basis, that 
is, a financial structure, proper to mining 
enterprises. Most a tten tion  is here given to 
the  last basis, though since the financial 
structure depends so much upon the degree to 
which mineral reserves have become estab
lished, a book dealing w ith mining finance 
and mine m anagem ent m ight well begin 
w ith the sampling and valuation of mineral 
deposits, a m atter left over by  the author 
for his final section.

The second section deals with the labourer 
as a  hum an machine, laying stress upon one 
working underground. The influences of 
rhythm , physiology, psychology, instruction, 
in affecting performance are all fully discussed. 
This leads logically to the th ird  section which, 
starting  with an outline of tim e studies,
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takes up the different ways in which labour 
may be marshalled, individually, in parties, 
and in flowing order. Broadening this theme, 
the fourth section exposes the factors 
involved in co-ordinating the whole 
operations to obtain optimum efficiency of 
labour, of equipment, and of final result in 
terms of m arketable product. These three 
sections, though in a way distinct, make one 
whole, namely, an exposition of such studies 
or investigations as when applied will 
indicate where betterm ent of result m ay'be 
obtained ; in other words, an outline of 
efficiency engineering.

The next section, the fifth and largest, 
deals with the applications of study results 
to the several mining operations, develop
ment, winning, haulage, and raising. It 
discusses the benefits of planning in advance, 
concentration of work, mechanization, and 
standardization. Much of this section is 
occupied by description of ordinary technical 
methods, as distinct from economics, th is 
latter finding expression only in formulae 
and numerical illustrations. The cases given 
in illustration relate to the mining of beds of 
coal, copper, and potash, to the open-pit 
mining of lignite, and to the bore-hole 
winning of mineral oil.

The sixth section, which is relatively 
short, treats of the necessary item s of the 
surface equipment, their nature, size, life, 
and layout. Here again the exposition is 
largely a technical description, though the 
economic aspect is entered by enum erating 
the considerations which are of economic 
weight. Here, also, the particular illustra
tions are drawn from German coal, lignite, 
and potash mines, and much is said about 
loading arrangements, marshalling yards, 
screening, washing, coking, and briquetting 
installations, steaming and electric-generating 
plants.

The seventh section deals with mine 
management in the general sense of the term, 
that is, the activities which aim to secure 
the optimum results from a launched and 
producing undertaking. Such management 
watches over the organization of the 
personnel, the layout and execution of the 
work, works costing, stores, labour, invest
ment costs, depreciation, amortization, 
operating costs, and the general economy. 
It surveys also those studies and investiga
tions, undertaken generally by specially 
allocated engineers, which have recommenda
tions for betterm ents in view. In this 
section the analysis of expenditure and of 
4—5

work performed naturally  receive considerable 
attention, and there is a wealth of useful 
specimen forms, tables, and graphs. The 
importance of an effective workshop to the 
general economy is emphasized by tw enty 
pages and more being given to drawings and 
descriptions of representative workshops.

The eighth and final section is devoted, as 
already mentioned, to the examination and 
valuation of mineral deposits and mining 
enterprises. All the factors, favourable 
and unfavourable, to the making of profits, 
are discussed. The practical side of the 
establishm ent of mineral reserves receives 
lim ited attention. Not much is said about 
mine sampling, and nothing about the 
com putation of the average value of mineral 
reserves, subjects which are of the greatest 
importance to precious-metal mining and to 
non-ferrous base-metal mining. Somewhat 
more attention is given to mineral contracts 
and marketing. Mining risks are discussed ; 
and then the com putation for present value is 
taken up. In  this la tte r it is difficult to 
follow the reasoning which leads to the basic 
formula No. VI on p. 632 which differs 
fundam entally from British and American 
conclusions ; as also it is to agree with the 
computations on pp. 634, 635, which result in 
a present value of M. 280,000 for a property 
which when provided with an equipment 
costing M. 1,000,000 to begin with and 
renewed at intervals of every 12 years will 
yield an annual profit of M. 360,000 for a 
life of 75 years ; whereas the same property 
when provided with an equipment of three 
times the size and cost to begin with, renewed 
as before a t intervals of 12 years, and yielding 
an annual profit of three times the amount 
for 25 years, one third of the previous life, 
would have a present value of M. 3,511,000, 
or more than 13 times as much as the 
previous present value, the rate of interest 
demanded on the investm ent being 8 % , 
and the safe rate of interest being 4%. I t 
is true th a t present profit is the largest factor 
in present value, but it is far from being the 
preponderating factor th a t this comparison 
would indicate. A short statem ent of the 
benefits which rationalization would bring 
finishes the section and the book.

This book, while it practically confines 
itself to German mining and German 
authorities, is the first comprehensive work 
on mining finance and mine management 
from the economic view-point. As such it is 
heartily to be welcomed and the author is to 
be congratulated upon the completion of an
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arduous and pioneer task  from which not 
only his students, bu t his colleagues and the 
mining profession will considerably benefit. 
The economic principles of mining operations 
dem and study in the same detail as the 
technical principles.

S. J. T r u s c o t t .

E®“ Copies of the books, etc., mentioned under the 
heading 1 ‘ Book Reviews ” can be obtained 
through the Technical Bookshop of The M ining  
Magazine, 724, Salisbury House, London, E .C .2.

NEWS LETTERS
BRISBANE

February 23.
Mount Isa.—Official returns for Jan u ary  

show th a t the output of the Mount Isa 
mine is still steadily increasing, and th a t the 
full capacity of 2,000 tons of ore to be 
eventually dealt with daily is gradually being 
approached. The local mining warden states 
th a t when, in Ju ly  next, the smelter reaches 
its full capacity, the output of bullion will 
be between 5,000 and 6,000 tons per m onth. 
The work in connexion w ith the Dwight- 
Lloyd sintering plant is well in hand and 
one machine is about to be pu t in commission. 
A s ta rt has also been made on the excavations 
for the new blast furnace. The portion of 
the original plant th a t had been reserved 
for the treatm ent of zinciferous ores, bu t 
which has not been used for th a t purpose, 
is being converted for the treatm ent of 
lead ores. In  underground work the seven 
glory-holes on the Black Star section were 
operated continuously last m onth, but no 
new development was carried out on the 
lode. In  the Black Star section the foot-wall 
chute rises on No. 3 level were completed, 
and the erection of chutes is in progress. 
The cross-cuts east and west from G 48 
winze were completed to both walls of the 
Black Rock lode. The west cross-cut is 
being extended to the top of the rise from 
the No. 4 level sub-drive. Development 
by sub-level driving has been continued 
a t No. 4 level. At G 40 section the west 
cross-cut m et the foot-wall of the ore-body, 
and the m outh of the  cross-cut is being 
stripped for track turnout. In the Rio 
Grande section, the drawing of the main lode 
south stope at No. 1 level has been continued. 
Two ex tra  chutes were erected in the 
hanging-wall lode. At No. 4 level the main 
lode and the  No. 1 hanging-wall lode north

stopes, as well as the main lode north  stope, 
were operated continuously during the 
m onth. The preparation of the No. 1 
hanging-wall south stope was commenced. 
At the U rquhart (main haulage) shaft 
the tail-track drive was recommenced, while 
the diamond drilling a t Crystalena No. 1 
bore progressed steadily.

Lawn H ills C oncession.—The first 
intim ation received here th a t the Mining 
T rust had decided to give up the con
cession obtained from the Queensland 
Government over the Lawn Hills mines 
was found in the full report of the speech 
made by Mr. Leslie U rquhart a t the last 
annual meeting. The announcement that 
the results of diamond drilling and other 
prospecting work had given no promise of 
the occurrence of large bodies of commercial 
ores, was received here with natural dis
appointm ent. The Mining Trust, it appears, 
had expended nearly $24,000 a t Lawn Hills.

Gold D iscovery in Q ueensland.—What 
promises to be an im portant discovery of 
gold has just been reported from North 
Queensland. The locality of the find is 
Mount W andoo, situated in an old mining 
district 10 miles westerly from the terminus 
of the Chillagoe Railway at Mungana, which 
is 150 miles inland from the port of Cairns. 
At th a t place Mr. Alexander Macdonald, 
with others, has had about 30 men employed 
for some tim e in concentrated exploration 
and thorough testing work. Four shafts 
have been sunk, in all of which ore has been 
struck th a t gave very promising, but varying, 
assay results. There has been found a reef 
said to be rem arkably rich in gold and silver. 
A battery  is now in course of erection and 
w hat are estim ated to be some remarkably 
rich lots of ore, totalling 150 tons, are at 
grass ready to  be crushed. The find has not 
yet been officially reported to the Mines 
D epartm ent, bu t the Chief Government 
geologist (Mr. L. C. Ball), judging from the 
first results published in the Press, expresses 
the opinion th a t the outcrop is low grade, 
but th a t shoots of rich ore are being met 
with. Mr. Macdonald, who has had a long 
experience of mining in N orth Queensland, 
over a year ago obtained a concession from 
the Queensland Governm ent over an area 
embracing several mines a t  and near 
Cardross, about ten miles from Mount 
Wandoo, intending to carry out mining on a 
large scale. According to a sta tem ent made 
by the Minister for Mines in the Legislature 
towards the end of last year, he m ust have
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obtained some capital, and has since been 
giving his a ttention to the Wandoo locality.

Murdoch Copper Process.— In 1930 a 
company called Cloncurry Copper, Ltd., 
took in hand the Vulcan copper mine, in 
the Cloncurry district, N orth Queensland, 
to try  out the new Murdoch process for the 
treatm ent of copper ores. A considerable 
amount of money was spent in preliminary 
work at the mine and in the installation of 
the plant and a short time ago everything 
was ready for a start. I t was officially 
reported th a t certain problems in the trea t
ment of the ore had presented themselves 
but these, while causing some delay, were 
expected, after certain adjustm ents had 
been made, to be overcome. The company, 
however, has now been forced to cease 
operations for lack of funds and it is 
announced tha t it will not resume until 
additional capital has been raised. The 
Murdoch process is a leaching process, 
expected to be specially adaptable to the 
Cloncurry ores. Its  distinctive feature, as 
compared with other leaching methods, is 
the use of lime for the precipitation of copper 
instead of scrap iron or electrolysis.

Great Boulder Proprietary.—In its
last financial year, recently closed, the Great 
Boulder Proprietary, Ltd., showed satis
factory profits. This was due in a very large 
measure to the exchange premium on gold, 
also latterly  to the enhanced price of gold. 
A dividend of 3d. per share (12|% ) has been 
declared in respect of operations during 
1931. Profits which had accumulated in 
1927 and 1928, when no dividends were 
paid, enabled the directors to pay a dividend 
of 12|%  in 1929 and in the succeeding year. 
There then remained a credit balance of 
£16,710. This sum, with the profit for the 
year, the actual am ount of which has not 
yet been announced, has been sufficient to 
provide for the further 12 |%  1931 dividend, 
which will consume £21,875.

Taxation of D ividends.—The secretary 
of the Chamber of Mines of Victoria has 
notified members th a t dividends of gold- 
mining companies are now free from 
taxation in th a t State. A Bill giving this 
authority was passed on the last day of the 
session. This Bill provides for freedom from 
taxation from July, 1929. Any tax  paid by 
companies since th a t date is to be refunded 
on application. Victoria is the last to fall 
into line in this respect with other Australian 
States and the Federal Government.

Shale Retorting in T asm ania.—The
amalgamated shale-oil companies a t Latrobe, 
Tasmania, are concentrating on production 
from shale at the Crozier retorting plant, 
where work is being carried on in three 
shifts. About 30 tons of shale is being treated 
daily. The plant is being run on close-costing 
conditions, and it is expected at the end of 
an investigation period of three months to 
show a balanced ledger, in the event of which 
it is intended to erect a plant capable of 
handling from 300 to 500 tons of shale daily. 
The whole of the output of petrol, amounting 
to 100 gallons a day, is being m arketed in the 
district. The Railway D epartm ent is utilizing 
a big percentage of the fuel oil in the 
Launceston railway workshops, and the 
kerosene is being distributed throughout the 
State. Reports from the Railway D epart
m ent on the fuel oil are extrem ely satis
factory, and it is stated th a t the hitumen 
m anufactured is equal to, if not better than, 
the imported product, whereas tests have 
proved the petrol to be of a superior quality, 
with higher calorific value and giving greater 
mileage than the imported spirit.

JO H A N N E SB U R G
March 2.

Luipaard’s Vlei.—The Luipaard’s Vlei 
E state and Gold Mining Co. has applied to 
the Government for the leasing of the No. 5 
(Midas) shaft section of the French Rand 
mine and preparations are well advanced for 
the re-equipping of the shaft, which is about 
1,600 ft. deep. The shaft serves nine of the 
old French Rand workings and enabled a 
considerable tonnage of ore to be opened up 
on the portion of ground lying between the 
Luipaard’s Vlei and Champ d ’Or faults, which 
although faulted near the surface gave very 
high values. If  the application for the lease 
is granted, the Luipaard’s Vlei Company will 
obtain a considerable tonnage of known 
payable ground with an intact area, which 
gives promise of values considerably in 
excess of the present grade of the company. 
The ground has been lying dorm ant for over 
20 years.

R andfontein Black Reef.—The Rand- 
fontein Estates Gold Mining Co. has 
suspended all work on the Black Reef 
series on what is known as the old Uitval- 
fontein Company’s claims. The ground was 
purchased at auction during the la tte r part 
of 1928, when the entire claim holding of 
589 claims of the Uitvalfontein Gold Mining



228 T H E  MINING MAGAZINE

Company (Pty.), L td., was purchased from 
the liquidators for £2,000. During the follow
ing years 375 of these claims were allowed 
to  lapse to Government and on the re
maining 214 claims an extensive development 
programme was pu t in hand, resulting in the 
opening up of considerable tonnages on Black 
Reef of medium and low grade. Regular 
tonnages of Black Reef ore were crushed from 
these claims during the last two years, 
amounting' to approxim ately 2,000 tons per 
m onth, which, combined with other Black 
Reef tonnages from the B attery  Reef and 
other sections, gave a to ta l of approxim ately
5,000 to 6,000 tons per m onth from these 
series. The reef lies horizontally a t shallow 
depths over a  large portion of the W est 
Rand, and extends over great distances on 
other parts of the Transvaal. I t  is known to 
be an erratic gold carrier and, a t the best of 
times, is only found in rich patches or 
pockets, of which the U itvalfontein deposit 
is a good example. The acquisition of these 
claims by the Randfontein E states was never 
looked upon as a big mining venture by th a t 
company, bu t merely as a business deal 
whereby an estim ated profit could be quickly 
made and the ground then abandoned. 
U itvalfontein has served this purpose and 
will very likely be open for pegging one of 
these days again.

Sabie Gold Mine Sold. -T he assets of the 
Sabie (Transvaal) Gold Mining Co. (in 
liquidation), consisting of 442 claims and a 
reduction plant capable of treating 3,500 
tons of ore per m onth, have been sold by 
public auction in Johannesburg for £1,125. 
The mine is in the Sabie district, adjoining 
Glynn’s Lydenburg and the Transvaal Gold 
Mining Estates. During the three years up 
to 1929 the company milled 102,000 tons of 
ore and produced £126,000 w orth of gold.

Congo Copper D evelopm ents.—It is 
reported from Rhodesia th a t improvements 
effected recently to  the plant of the Union 
Minière du H au t K atanga will enable the 
company, When m arket conditions are 
normal, to increase its output from 82,000 
tons to 150,000 tons w ithout increasing its 
white staff or native labour force. The 
company is said to have discovered between 
Mokambo and Tshinsenda, on the K atanga 
Railway, a sulphide ore-body, which is 
believed to contain 115,000,000 tons of 
copper ore. As w ith the copper mines of 
N orthern Rhodesia, retrenchm ent is now 
proceeding apace. At the end of January , 
nearly 150 men were discharged and sent

back to Belgium from the Prince Leopold 
mine, Kipushi, and the Lubum bashi smelter. 
Like most of the employees of the Union 
Minière, these men were on contract with the 
obligation resting on the company to 
repatriate them  as soon as their contracts 
expired, in the event of retrenchment 
becoming necessary. For this reason, the 
families concerned have not experienced such 
hardships as those discharged in the 
Rhodesian Copper Belt. At the Lubumbashi 
smelter, only one of the three furnaces is now 
operating, owing to the control now being 
exercised on the ou tput of copper.

Gold Strikes in R hodesia.—News has 
been received at Bulawayo of a reputedly 
rich gold strike on the property of the Luiri 
Gold Areas, L td., near Lusaka. Details are 
meagre, but it is said th a t the strike has 
been made in the neighbourhood of the 
Dunrobin, M atala, and Tandum a deposits. 
A nother rich gold strike is reported to have 
been made in the Antelope gold belt, lying 
to  the west of the Antelope mine, in the 
Bulawayo district. The new reefs include 
one 800 yd. long on the strike and 21 ft. in 
w idth which assayed up to 40 dwt. a  ton in 
the prelim inary tests. F u rther prospecting 
in the neighbourhood led to the discovery of 
several other virgin reefs, and nine more 
blocks of claims were pegged.

R hodesia’s M ineral R esources.—It has 
been suggested to the Government of 
Southern Rhodesia th a t it should form a 
central committee for the collection and 
tabulation of d a ta  relating to the mineral 
resources of the Colony in accordance with 
the agreem ent arrived a t in 1930 at the 
Im perial Conference in London on the 
question of a review of the m ineral resources 
of the Em pire, and th a t it m ight be desirable 
to arrange for th is central committee to 
represent both N orthern and Southern 
Rhodesia, if th is is feasible.

V A N C O U V E R
March 9.

Portland C anal.—W ork on the Big
Missouri property  in the Portland Canal 
district has been suspended following the 
completion of the program m e of diamond 
drilling by which Consolidated Mining and 
Smelting Co. of Canada, L td., has sought to 
outline the economic possibilities of the ore 
occurrence, which has been described as a 
mineralized enigma. Definite reports of the
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results of this work are not to hand, but the 
long continuance of the operations, and the 
extent of the work th a t has been carried 
out on the property has, from time to time, 
elicited appreciative comment upon the 
evident intention of the company to leave 
no stone unturned in its investigation. 
Consolidated Mining and Smelting Company 
acquired control of the property through 
a subsidiary organization entitled Buena 
Vista Mining Company, L td., and launched 
immediately upon the very thorough 
campaign of development th a t has now been 
suspended. The progress of this work has 
been watched with great interest in view of 
its importance to the district generally. 
Underground work includes over 2,200 ft. 
of cross-cutting, 3,600 ft. of driving, and 
many thousands of feet of diamond drilling ; 
and in addition a concentrating plant was 
erected in 1930 with a capacity of 100 tons 
per day, in order to ascertain by careful 
run-of-mine sampling through the mill, 
whether the erratic distribution of values 
throughout the siliciiied porphyry zones, tha t 
was indicated by the diamond drilling, might 
be of commercial importance in relation to 
large-scale operations upon a low-grade 
ore-body.

Salmon River. —It is reported th a t a 
renewed attem pt is to be made to develop 
ore on the Woodbine property in the Salmon 
River area. The history of this property 
has been the reverse of encouraging. It was 
brought to public notice about the year 
1923 and was exploited later on the strength 
of the remarkable success attending the 
development of the Premier mine. At about 
this time reports were circulated of a rich 
ore-body having been developed, but 
subsequent careful sampling failed to show 
commercial values. The area is held to  be 
one deserving of more prospecting work, 
especially in connexion with other 
mineralized zones along the strike of the 
Premier north-west zone. I t  is stated th a t a 
scheme of reconstruction is to be subm itted 
to the shareholders of Woodbine Gold Mining 
Company, L td., under which further work 
is to be financed by Eastern interests.

Cariboo.—Placer mining operations on 
a large scale are foreshadowed by the 
acquisition by, a Vancouver syndicate, 
headed by Brig.-Gen. J. Duff Stuart, of the 
properties in the heart of the Cariboo country, 
controlled hitherto  by the John Hopp 
interests. All this ground lies in the Barker- 
ville area and comprises the creeks and

hydraulic claims from which the greater part 
of the production has been obtained in the 
more recent history of the Cariboo, including 
Lowhee creek, S tout’s gulch, Mosquito 
creek, Forest Rose, Burns creek, and the 
famous Cameron claim th a t was being worked 
in 1863. The properties were amalgamated 
by John Hopp, formerly American manager 
for the English company tha t commenced 
hydraulicking operations in the field in 
1907, and have been under the control of 
American capital since tha t time. The area 
is officially credited with a production of 
about $20,000,000-00, but it is generally 
recognized th a t in the earlier years a con
siderable recovery was not recorded. I t  is 
estim ated th a t there are extensive areas of 
virgin ground where pay gravel may be 
expected at greater depth than has yet 
been worked. I t  is understood th a t active 
operations are to be commenced as soon as 
weather conditions perm it and high hopes 
are entertained for an im portant increase 
in the production of placer gold from the 
Cariboo.

O m ineca D istrict.—Another placer 
mining area th a t is likely to come into 
prominence during the ensuing season is the 
Manson creek section in the Omineca district. 
Placer occurrences in this area are distinctly 
localized and are found, according to the 
Government engineer, in a strip of country 
about 55 miles in length and 15 miles in 
width extending in an east-west direction 
immediately south of the Omineca River 
from Boulder Creek on the east to Quartz 
Creek on the west. Coarse gold is found 
along the channels of Germansen and Manson 
Rivers and tribu tary  creeks and nuggets 
up to 2-5 oz. in weight occur on bedrock 
in sections of old channels th a t are being 
worked. Consolidated Mining and Smelting 
Company has been testing by drill in one 
particular area, where several such sections 
occur along the banks of Slate Creek, and 
Germansen Placers, Ltd., has made extensive 
preparations for the hydraulic working of 
benches and old channels in the Germansen 
river valley. The origin of this gold is thought 
to be quite local.

Phillips A rm .—At a meeting of Morton 
Woolsey Consolidated Mines, held in 
Vancouver recently, a balance-sheet was 
presented in which current assets of $26,789, 
plus the ownership of the old D oratha Morton 
mine were offset against a to ta l liability of 
$59,183. The D oratha Morton adjoining the 
Alexandria gold-quartz property on Phillips
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Arm was acquired from the Yorkshire T rust 
Company. I t  came into prominence in 1898, 
when it was reported th a t a  quartz ledge 
100 ft. wide included a w idth of 25 ft., 
carrying average values in gold of about 
$10 per ton and the property was in fact 
credited with a production of about $100,000 
th a t was recovered by cyaniding operations. 
Later investigations, however, proved th a t 
the claims of the management a t th a t time 
were unduly optimistic and it would appear 
th a t values were confined to certain lenses 
of quartz in a wide silicified shear in the 
granitic country rock. Subsequent attem pts 
to re-open the mine, after the original work 
was suspended and the treatm ent plant 
destroyed, have not been successful hitherto. 
The Morton Woolsey mine, in the Fort 
Steele district, adjoins the Snowflake, where 
the occurrence of stannite in a shoot of high- 
grade silver-lead ore gave rise to hopes in 
certain quarters of a commercial supply of 
tin a few years ago.

B ridge R iver.—In the Bridge River 
area the Lorne mill is now in operation and 
it is expected th a t the present capacity of 
75 tons a day will be increased shortly to 
100 tons. The estim ated ore reserves a t this 
mine are valued at around $300,000 and 
are confined m ainly to one shoot on the 
King vein, where an am ount of about
21,000 tons of ore of an average grade of 
$13 per ton has been blocked out. The 
m onthly output for January  from the 
Pioneer mine, valued a t $54,000, showed a 
decrease due to power shortage, resulting 
from a break in the dam  on the south fork 
of Bridge River, which put the hydro
electric plant out of commission, and 
operations had to be carried on with water 
power from Cadwallader Creek, as was being 
done previous to the hydro-electric installa
tion. The company has declared a  regular 
dividend payable April 1. Gold bullion is 
being shipped to  Ottawa, where it is paid 
for in the equivalent of U nited States 
currency. The new three-com partm ent 
shaft, from which all future development 
will be carried out, is now down to a depth 
of over 300 ft. below the n inth  level and it is 
reported th a t in this work some new veins 
were encountered carrying good values. 
Construction work on the new mill is 
progressing satisfactorily.

W allace M ountain.—Announcement has 
been made of the paym ent of a dividend of 
3 cents per share to shareholders in the

syndicate owning the H ighland Lass mine 
a t Beaverdell. This property is controlled 
by the same interests th a t in 1930 acquired 
the famous Bell mine adjoining it, and the 
two properties are being operated under the 
same management. The mining of this 
exceptionally high-grade silver-lead ore which, 
owing to the complicated faulting systems, 
presents unusual problems in the case of 
all the mines of th is camp, is especially 
difficult on the H ighland Lass property, 
where the mineralized shear-zones in the 
rocks of the Wallace formation are found to 
feather out in an altered contact area. In 
spite of these handicaps, and of the low 
m arket price of the m etal, three carloads of 
ore having a high silver content have been 
shipped since the commencement of the year, 
and the dividend now declared represents 
a return  of about 24% on the purchase 
price of the property'.

Reno Gold M ines.—During the past 
m onth the mill of the Reno gold mine at 
Salmo was to tally  destroyed by fire, repre
senting a loss valued at $95,000 covered by 
insurance. Plans were under discussion for 
increasing the capacity of th is treatment 
plant, by additional equipm ent, in view of 
the extrem ely satisfactory development of 
the mine and, although production will be 
halted tem porarily, it is probable that the 
present disaster will not be without its 
compensations. The value of the production 
for the m onth of January  was $27,300.

Cedar Creek.—An option has been 
acquired by Mr. Rice, vice-president of the 
U nited States Smelting and Refining Com
pany, on the Cedar Creek placer property, 
which was purchased in 1930 by B. Boe from 
the Cedar Creek Mining Company. The 
origin of the gold occurrence on this property 
has been the subject of much discussion in 
the past, the bench on which the pay-streak 
is found being at a considerable elevation 
above the present drainage of the area. The 
gold is quite coarse generally, and in places 
it appears as though the pay gravel was rolled 
up in boulder clay, suggesting ice action upon 
a pre-glacial deposit. The pay streak follows, 
as pointed out by the Government engineer, 
a rem arkably straight course, although 
bonanza values are not persistent. It is 
believed th a t this rich deposit was laid down 
originally by a stream  of low gradient. The 
property has been tested recently by drilling 
and it is sta ted  th a t the present purchase is 
the outcome of the results obtained.
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TO R O N T O
March 18.

Porcupine.—The production of bullion 
by the mines of the Porcupine area during 
February was valued at $1,676,673, from the 
treatment of 258,797 tons of ore, as compared 
with $1,571,971 for January , when 274,095 
tons were milled. The mill of the Hollinger 
Consolidated is handling about 5,000 tons of 
ore per day and active development is 
steadily increasing the ore reserves. An 
extensive programme of deeper mining is 
being carried out, the objective being
7.000 ft. or more. The inside winze from the 
2,700-ft. level is being put down to the 
6,000-ft. horizon, the present depth being over
4.000 ft. from the surface. On the completion 
of the winze both the central and main shafts 
will be put down in stages to the objective,
6.000 ft. The company is changing its 
system of stoping from the old “ shrinkage,” 
to “ cut and fill,” to avoid dilution. Ore 
conditions a t depth on the Schumacher 
section are proving up well and some very 
high-grade ore patches have been opened up. 
The Dome Mines is milling about 1,500 tons 
of ore per day, its output in February being 
valued at $319,057, as compared with 
$319,736 in January  and $291,841 in 
December. The recovery has been improved 
by recent changes a t the mill. The company' 
is stated to have opened an ore shoot on the 
1,500-ft. level for a length of 600 ft. and a 
width of 35 ft., carrying high-grade ore. Ore 
is being taken out at a rate sufficient for mill 
requirements. Operations at the M clntyre- 
Porcupine have been curtailed by the 
burning out of the generator at No. 11 shaft. 
All mine development has been suspended 
until the damage has been repaired and 
hoisting through this shaft can be resumed. 
Vipond is making good progress with its big 
underground campaign and is pushing the 
drive into the old Porcupine Crown property. 
An ore zone has been encountered the extent 
and value of which have not yet been 
determined. The March will extend the scope 
of its operations, the old Ankerite mine, which 
is controlled by the March, having been 
dewatered and a cross-cut driven from 
the March to connect with the workings on 
the 700-ft. level of the Ankerite. The old 
mill of the Ankerite is being renovated and 
together with the March mill will be operated 
under the programme of development. At 
the Flayden a mill of 50 tons capacity is under 
construction and production is expected to 
commence early7 in April. At the annual

meeting of the Coniaurum it was stated th a t 
although underground development had been 
attended with encouraging results and the 
mine had been paying its way there was not 
sufficient cash on hand to enable the 
continuance of a big deep development 
programme.

Kirkland Lake.—During February the 
mines of this camp yielded $1,817,887 in 
bullion from the treatm ent of 141,026 tons 
of ore, as compared with $1,991,993 the 
previous m onth from 148,793 tons of ore. 
The mill of the Lake Shore is treating between
2,200 and 2,400 tons of ore a day, with mill 
heads at between $16 and $17 per ton. Oil 
flotation is being installed in the main mill 
and it is understood th a t this system will 
considerably reduce the loss in tailings. The 
new tailing plant will be under the joint 
ownership of Lake Shore and W right- 
Hargreaves. An outstanding feature of 
development a t the lower workings is the 
opening up at the 2,300-ft. level of a mineral 
zone averaging 40 ft. in width, with a length 
of about 800 ft., carrying average values of 
$30 in gold. At the W right-Hargreaves the 
new hoist, in connexion with the large and 
modern crushing plant recently installed, 
will enable the mine to supply the increased 
tonnage required by any future mill 
extension. At the lower workings values are 
declared to be well above the mine average 
and a number of high-grade sections have 
been recently opened up. Production at the 
Teck-Hughes is being well maintained. The 
deep development campaign is being actively 
carried on and it is anticipated th a t by7 the 
end of the summer a depth of 4,500 ft. will 
have been reached. Some high-grade ore is 
being opened up on the lower levels. The 
Sylvanite has completed the sinking of its 
main shaft to a depth of 3,000 ft. and lateral 
work will shortly be commenced on the 
levels between 2,000 and 3,000 ft. with the 
expectation th a t the same good values will 
be obtained on this horizon as were found on 
the adjoining W right-Hargreaves. A t the 
Barry-Hollinger cross-cutting is under way 
at the 1,875-ft. level to intersect the Nos. 8 
and 9 vein systems and, should the results be 
satisfactory, mill capacity will be increased 
to about 300 tons per day, and the winze 
at the 1,000-ft. level will be raised to the 
surface, giving the mine two outlets. Moffatt- 
Hall is pushing work on the new 550-ft. level 
and has cross-cut the mineral zone. The ore 
appears to be of a good grade, running about 
the same value as on the upper levels.
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Sudbury.—The annual report of the 
In ternational Nickel Company for 1931 shows 
a net profit of $5 ,09 4 ,4 9 7  as compared w ith 
$11,770,060 in 1930. Sales of nickel in all 
forms, including nickel alloys, am ounted to 
55,739,047 lb., compared w ith 75,284,352 lb. 
the previous year. Copper sales decreased 
from 109,743,747 lb. to 96,919,677 lb. The 
company has pu t into operation the new 
Orford separation plant recently completed 
in conjunction with the new copper-nickel 
smelter a t Copper Cliff, increasing the 
working force by about 200 men. This process 
was used at the refinery a t Port Colborne, 
whence it was transferred to Copper Cliff on 
completion of the sm elter and refinery there. 
The p lant consists of cupolas and converters 
for the smelting of the nickel-copper m atte, 
which is the product of the big smelter. 
Fumes from the new process will be dissipated 
through a 350-ft. stack on the cupola building. 
The Falconbridge Nickel Mines, L td., report 
a deficit of $252,642 for the year 1931, as 
compared with a deficit of $263,173 for 1930. 
Sales of nickel during the year am ounted to 
3,205,235 1b. or 52-6% of the year’s to tal 
output of 5,306,222 lb. Stocks of nickel at 
the end of the year totalled 2,888,466 lb. and 
forward sales made for delivery in 1932 
exceed this tonnage. During the year the 
sm elter handled 109,520 tons of ore, and 
produced 4,363-2 short tons of m atte, from 
which were recovered 2,569-4 tons of nickel 
and 1,033-5 tons of copper. The Treadwell 
Yukon will remove its mill from the Ellington 
property, work on which has been indefinitely 
abandoned, to its holding in the Pascalis 
district of north-western Quebec, where it 
will be operated as a test mill.

Rouyn.—The annual report of N oranda 
Mines for 1931 showed a to tal revenue from 
m etal production of $10,506,233, as 
compared with $11,967,472 in 1930. 
Miscellaneous income am ounted to $237,630, 
making a gross revenue of $10,743,863, 
against $12,418,736. Operating costs were 
$6,281,306, and after all deductions there 
remained a net profit of $2,374,041, compared 
with $3,842,115 in 1930. During the year 
the mill treated  765,544 tons of ore, concen
trate , siliceous fluxing ore, and slag and 
produced 63,257,274 lb. of copper bullion. 
There were also produced 253,363 oz. of gold 
as against 117,393 oz. the previous year, and 
558,801 oz. of silver, compared with 691,920 oz. 
in 1930. Ore reserves above the 1,975-ft. 
level are estim ated at 10,960,000 tons, com
pared with 8,175,000 on December 31, 1930.
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PERSONAL
A r th u r  R. A n d r e w  has been appointed  pro

fessor of m ining a t  th e  U niversity  of Otago, in 
succession to  Jam es Park .

J am es  P. B e s t  is re tu rn ing  from  Nigeria.
J. Co g g in  B ro w n  is  re tu rn in g  fro m  B urm a.
E . W. B y r d e  is re tu rn in g  to  Nigeria.
Ch a r l e s  Ca m sel l  has been elected president 

,of th e  Engineering In s titu te  of C anada for the 
ensuing year.

St a n l e y  W. Ca r p e n t e r  h a s  le f t  fo r  Nigeria.
H . O. Cr ig h t o n  h a s  left for W est Africa.
R ic h a r d  D a v e y  is hom e from  Russia.
M. W . L. D e m p s t e r  is re tu rn in g  from  th e  Gold 

Coast.
W. A. E d w a r d s  is re tu rn ing  from  Chile in May.
R o w la n d  C. F e il d in g  has re tu rn ed  from  Canada 

an d  left for C entral E urope.
A u b r e y  E. H o r n  is re tu rn in g  from  Nigeria.
P. M e r c e r  H u m e  is hom e from  th e  Gold Coast.
J. J e f f r e y  is hom e from  Spain.
V. F. St a n l e y  L ow  is  hom e from  Panam a.
J. R. M il l e r  is  re tu rn in g  to  M a lay a .
H u m p h r e y  M. M o r g a n s  is hom e from  India.
A r t h u r  E. P a g e  is re tu rn in g  to  Trinidad.
R. E. P a lm er  is leaving shortly  for South 

America.
J. Sco tt  P a r k  is re tu rn ing  f ro m  Nigeria.
T hom as  P r y o r  is hom e from  India.
R e g in a l d  S. H . R ic h a r d s  is returning from 

Portugal.
W. J . Sh e p h a r d  has re tu rn ed  from  W est Africa.
F r a n k  N. S p e t t ig u e  is  h o m e  fro m  Spain.
H. L iv in g s t o n e  Su lm a n  is to  be en terta ined  at 

a  d in n er on th e  20th  in st., as an  appreciation of 
his professional w ork  in  connexion w ith  the 
flo tation  process.

S. L. T e r r e l l  is  re tu rn in g  to  U ganda.
D. A. T h o m pso n  is  hom e from  th e  Gold Coast.
V e r n o n  T u r n e r  h a s  re tu rn ed  from  Uganda.
R u sse l l  B. W o a k es  is re tu rn ing  from India.

D u d l e y  J o h n  I n s k ip , whose d e a th  is reported 
on  M arch 28, w hilst on his w ay hom e from  the 
C hannel Islands, was aged 54. H e entered  into 
p a rtn e rsh ip  w ith  J. A. B evan in  1910, which was 
dissolved in 1929 owing to  th e  la tte r 's  health. 
D uring p a r t  of th is tim e he was m anager of Mawchi 
Mines. H e also rep o rted  on  asbestos properties in 
Southern  R hodesia and  th e  T ransvaal and was 
for a tim e acting  as In sp ec to r of Mines to the 
R hodesian G overnm ent.

TRADE PARAGRAPHS
H a d f i e l d s ,  L td . ,  of E ast H ecla and  H ecla Works, 

Sheffield, publish  a leaflet describing th e ir  three- 
stage coal b reakers, which are  m achines of the 
to o th ed  roll ty p e . The sam e leaflet also gives 
brief particu lars of single, double, an d  four roll 
coal b reakers.

P e t t e r s ,  L td . ,  of W estland  W orks, Yeovil, have 
published a little  booklet in  which th e  case for the 
two-cycle engine versus th e  four-cycle is put. They 
are them selves one of th e  few m anufacturers 
of tw o-stroke engines, including slow and high 
speed Diesel, in th is coun try .

R a n s o m e s  a n d  R a p i e r ,  L td . ,  of W aterside 
W orks, Ipswich, recen tly  published a  new  catalogue 
describing th e ir  ty p e  480 2-2J cu. yd. excavators, 
which are available as shovel, dragline, grab,



crane, o r pile d riv er for steam  or electric drive. 
Details are also available of a new range of m achines 
to which consideration will be given in these colum ns 
in a fu ture issue.

S te in  a n d  A tk in s o n ,  L td . ,  of 47, V ictoria S treet, 
London, S.W. 1, in th e  F eb ru ary  issue of th e ir  
publication Modern Industrial Furnaces deal en tire ly  
with a description of th e  Stein suspended furnace 
roof which it is s ta ted  is being generally  adopted 
both in boilers and m etallurgical furnace practice 
for uniform  h ea t d istribu tion , fuel econom y, and  
reduced upkeep cost.

C a r l  Z e i s s  ( L o n d o n ) ,  L td . ,  of M ortim er House, 
37-41, M ortim er S treet, London, W . 1, issue 
an a ttrac tiv e  booklet covering some 25 pages 
describing th e ir  surveying instrum ents, which 
contains some no tab le  new  m a tte r  such as a 
simple level, a compass a ttach m en t for a level plane 
table, a  simple telescopic Alidade, and  th ree  special 
types of tacheom eter.

T h e  B u r e a u  of I n f o r m a t i o n  o n  N ick e l  of 
t h e  M o n d  N ick e l  Co . ,  L td . ,  announce th a t  th e ir  
address is now Tham es House, M illbank, London, 
S.W. 1. They also issue a fu rth e r booklet in th e ir 
series. This is devoted  to  heat-resisting  alloys of 
nickel-chrom ium  and  nickel-chrom ium -iron and 
a fu rth e r bulle tin  re la ting  on  th is  occasion to  
Am erican and C ontinental practice in nickel 
deposition based on a p ap er read  b y  one of th e  
technical staff before a learned  society.

M i n i n g  a n d  I n d u s t r i a l  E q u i p m e n t ,  L td . ,  
of 11, Southam pton Row, L ondon, W.C. 1, rep o rt 
having received the  following orders :— For E ngland : 
One 4 ft. by  5 ft. one-surface H um -m er electric 
screen for foodstuff, tw o 3 ft. by  5 ft. one-surface, 
ty p e  31, H um -m er electric screens for fireclay, 
one No. 0000 R aym ond pulverizer for soap powder, 
an d  one 50 sq. ft. Rovac filter for caustic lime 
sludge. Fo r th e  Dom inions : One 4 ft. by  5 ft. one- 
surface, ty p e  39, H um -m er electric screen for coke.

E dgar  A l l e n - A l l is -Ch a lm er s  V ib r a t in g  Sc r e e n .

B r u c e  P e e b l e s  a n d  Co.,  L td . ,  of Edinburgh, 
publish a booklet describing th e ir  synchronous 
induction m otors. This is illustra ted  w ith  exam ples 
of interest to  m ining m en sirrce th ey  show th e  
application to  th e  driv ing of tube-m ills, ham m er- 
type rock breakers, and  centrifugal pum ps. The 
latter, installed in a  fiery coal m ine, is a 120 b.h.p., 
3-phase, 50 cycle, 440 volts, 428 r.p.m . open type  
motor.

J. R o l l a n d  a n d  Co .,  of A bbey House, 2 V ictoria 
Street, London, S.W. 1, th e  represen tatives of 
F r ie d .  K r u p p  G r u s o n w e r k ,  A .G . ,  of M agdeburg 
Germany, send us a  booklet covering some 80 
pages and fully illustra ted  w hich gives detailed 
information w ith  regard  to  K rupp w et cylinder 
mills. These include ball, pebble, and  rod mills of 
both drum  and  tu b e  types. Details are given of the  
various com ponent pa rts  including liners and 
grinding bodies.

D in g s  M a g n e t i c  S e p a r a t o r  Co., of Milwaukee, 
Wis., U.S.A., have developed a new m agnetic 
friction type  clu tch  having co n tact faces on bo th  
sides of a spring disc which are “ squeezed ” 
between th e  m agnet and  arm atu re  elem ents when 
the coil is energized. In  th eo ry  th e  effective tran s
mission of th is c lu tch  is double th a t  of a single 
friction co n tact face b u t in  practice i t  has been 
proved to  be approx im ately  75% m ore effective 
with the  sam e m agnet strength .

E d g a r  A l le n  a n d  Co.,  L td . ,  of Im perial Steel 
W orks, Sheffield, publish a catalogue describing in 
full deta il th e  E d g ar Allen-Allis-Chalm ers cen tri
fugal v ibrating  screens. They are m ade in single, 
double, or treb le  decks, and  one of the  double deck 
ty p e  is shown in  th e  accom panying illustration . 
This is also shown w ith th e  tex rope  drive  guard 
rem oved. The v ib rating  m echanism  consists of a 
heavy steel shaft carried  on tw o over-size high- 
grade ro ller bearings m ounted on th e  supporting  
fram e in  self-aligning dust-proof housings. This 
shaft carries on each side, ju st w ithin the  supporting  
fram e, tw o heavy  balance wheels, which are 
p ro tected  by  steel housings. Betw een the  balance 
wheels th e  shaft is tu rn ed  eccentric for a  sh o rt 
d istance for th e  v ib rating  screen body  bearings, 
which are of a  special ro lle r ty p e  carried in self
aligning dust-proof houses. The v ib rating  m otion  
is positive and  is equal over th e  en tire  screen 
surface. The screen is driven by a to ta lly  enclosed 
fan-cooled m otor, th e  texrope drive shown in th e  
illustration  affording th e  transm ission. The screen 
m ay be suspended from  overhead supports by 
cables and  springs o r spring m ounted. Screens and 
fram es m ay be easily and  quickly replaced and  are 
bo th  interchangeable and reversible. In  th e  Edgar 
Allen News for M arch there  is an  article  on prim ary  
rock crushers, which deals principally  w ith  the  
McCully gy ra to ry  crusher and  also a descrip tion  of
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a  12-ton ladle casting  recen tly  produced for the  
handling  of copper m atte  in one of th e  N orthern  
R hodesian sm elters.

C u r c h i n  a n d  W a t s o n ,  of Bevis M arks House, 
Bevis M arks, L ondon, E.C. 3, who are now  th e  
L ondon rep resen ta tives of W e r f  C o n r a d  N.V., 
of H aarlem , H olland, have issued two publications 
giving in form ation  ab ou t Conrad DM and  DMM 
rock drilling m achines and  Conrad DD 1 and  DD 2 
cable tool tru ck  drillers. The form er are light
and  easily tran sp o rtab le  m achines specially designed 
for underground  drilling and  prospecting  w ork in 
m ountainous o r rem ote regions. T hey  are core 
drills b u ilt on  m ost m odern  lines including all
enclosed construction  an d  th e  use of ball bearings 
and forged-steel h e a t-trea ted  and  ground gearings. 
The DD 1 and  DD 2 fulfil a dem and for a mobile 
and  rapid  drilling p lan t which can  be operated  by  
one m an and  are ideal for m ineral prospecting, 
estim ation  of dredging ground, o r b lasting  
operations.

VICKERS PROJECTION  
MICROSCOPE

C o o k e ,  T r o u g h t o n ,  a n d  S i m m s ,  L td . ,  of
15-17, B roadw ay, L ondon, S.W. 1, have tak e n  
over th e  m anufacturing  and  selling rights of th e  
V ickers works p rojection  microscope, of which 
W i l d - B a r f i e l d  E l e c t r i c  F u r n a c e s ,  L td . ,  have 
been appointed  d istribu tors. This valuable aid 
in  th e  micro exam ination  bo th  of opaque and  
tran sp aren t substances is a m ost robust in strum en t 
and  will carry  specim ens up to  50 lb. in weight. 
I t  contains all th e  usual microscope featu res and 
in  add ition , m ounted  as p a r t  of th e  in strum en t, is 
a cam era  for photographing th e  specim ens. I t  is 
suitable for m agnifications of from  3 to  5,000 
d iam eters and  is m ounted on a  large cab inet 
which contains all th e  essential accessories, th u s 
th e  in stru m en t is an  en tirely  com plete unit. The 
general a rrangem ent is shown in th e  accom panying 
cross-section, Fig. 1, and  th e  following is a brief 
d esc rip tio n :— The in stru m en t consists of a heavy  
cast iron block M through  which passes vertically  
a  large d iam eter hole, bored to  tak e  a heavy  tu b e  
T. The upper end of th e  tu b e  is fitted  in ternally  
w ith  an  ad ap to r for th e  objective and  ex ternally  
is th read ed  to  engage w ith a large d iam eter n u t N. 
The u n der surface of th e  n u t N rests upon th e  flat 
to p  of th e  block M, th e reb y  supporting  th e  tu b e  T 
with, its objective. Fine focussing is enabled  by 
th e  partia l ro ta tion  of N. M agnetic centring  m ounts 
a re  supplied which can  be fitted to  ordinary" 
objectives of any  m ake. The stage S is m ounted 
upon a heavy  cast iron  stage support SS which 
la tte r  engages w ith  th e  m icroscope block M by 
m eans of sliding faces, its e levation being controlled 
b y  rack  and  pinion m ovem ent. C is a clam ping 
spring and  locking screw. The m icroscope is 
m ounted  upon a  heavy  cast iron cam era  case 
im m ediately  above an  a d ap to r which serves to  
carry  a sliding microscope tu b e  w ith  projection  
eyepiece. The pro jected  image of th e  object cast 
down by  th e  in v erted  m icroscope is reflected by  
a rustless steel m irro r to  a  projection screen PS 
m ounted  a t  a  convenient angle for inspection, th e  
cam era  len g th  being ad justab le  by  ro ta tin g  th e  
handle  E H , which contro ls th e  e levation  of th e  
m irror. A rem ovable hood H  arranged  above th e  
projection  screen excludes light during  inspection

or focussing. This hood m ay  be sw ung out of 
position and  th e  sliding v isual tu b e  V which carries 
a m irror and  eyepiece is in troduced  in to  th e  optical 
axis of th e  m icroscope. Fig. 2 represen ts a front 
elevation  of th e  m icroscope and  shows clearly the 
illum inating  arrangem en ts. A b rack e t, w ith optical 
bench OB, is m ounted  a t  th e  righ t-hand  side of 
th e  cam era case. I t  carries a clockwork-driven arc 
lam p and  also a po in to lite  lam p, e ither of which 
can  be changed over in stan tly , according to  require
m ents. The lam p condenser, w ith  iris diaphragm, 
w a ter trough , and  colour screens, is also carried 
on th is optical bench. A hole passing horizontally 
righ t th ro u g h  th e  body  block M serves to  house, 
on th e  righ t, a tu b e  D, which carries a small iris 
diaphragm  and  field lens, and  on th e  left, a sliding 
tu b e  L, w hich is fitted  w ith  a vertica l illuminator 
and  cen tring  screen. This system  is, of course, for 
vertica l illum ination  of opaque objects. The entire 
illum inating  u n it on  optical bench  OB can be 
elevated  by m eans of a rack  and  pinion motion 
OH, to  su it an y  ty p e  of illum ination  th a t  may be 
required . On th e  rig h t-h an d  side of th e  camera 
and  projection screen PS is a com parison chamber 
and  screen CS. This cham ber is illum inated, and 
is used for viewing photom icro transparencies or 
autochrom e transparencies of s tan d ard  materials 
com paratively  w ith  th e  pro jected  image of the 
object u nder inspection . The ro ta tio n  of control 
handle  CH enables th e  in ten s ity  of illum ination or 
th e  tran sp aren cy  to  be ad justed  un til it  balances 
th a t  of th e  p rojected  image on th e  screen PS. 
B y th is m eans, it is possible to  inspect te s t specimens 
of an y  class v e ry  rapidly, w ith  g reat accuracy, 
and  w ithou t th e  fo rm ality  of tak in g  too many
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photographs. The contro l handle CH is also fitted 
with a graduated  scale, which serves to  indicate 
the exposure necessary when a photom icrograph 
is required. W hen th e  in stru m en t is to  be used 
with tran sm itted  light, a m irror a t 45° and  stage 
condenser are a ttached  above th e  object stage.

METAL MARKETS
Co pper.—March was a bad m onth  for prices 

on the London M etal Exchange. S tandard  copper 
prices lost some ground, p a rtly  on account of the  
firmer sterling exchange, b u t p a rtly  also because 
of the continued poorness of dem and. Quotations 
for electrolytic in America were erratic, b u t the  
cheaper sellers were elim inated during March 
and a t th e  close Copper E xporters Inc. were quoting 
6 | cents c.i.f. Europe for both  general and custom  
sales. Producers have definitely decided to  cut 
output to  20% of capacity  and are  reckoning th a t 
this will perm it stocks to  be reduced.

Average price of S tandard  Cash Copper : March,
1.932, ¿33 Is. 9d. ; February , 1932, ¿36 19s. 8d. ; 
March, 1931, ¿44 17s. 2d. ; February , 1931,
¿45 8s. 3d.

T in .—T in values sustained a  very heavy  loss 
last m onth, th e  decline being a t first due to  th e  rise 
in the sterling exchange, b u t it was greatly  intensified 
by panicky stop-loss orders issued by stale " bulls.” 
The statistical position underw ent no appreciable 
change during March. Dem and, on the  whole, 
remained dull b u t stocks in th e  United S tates 
are believed to  have been reduced. The producers 
associated in th e  ou tpu t-cu rta ilm en t scheme have 
been discussing a fu rth er “ cu t ” of 8,420 tons 
(or one m o n th ’s production) and it is believed this 
will be in stitu ted  soon.

Average price of S tandard  Cash Tin : March,
1932, ¿129 18s. 2d. ; February , 1932, ¿139 4s. 7d. ; 
March, 1931, ¿121 18s. 4d. ; February , 1931, ¿118.

L e a d .— Prices fell severely during March, the 
absence of large-scale consum ing in te rest and  the  
firmness of sterling proving fa ta l to  th e  m aintenance 
of values, whilst sentim ent was fu rther weakened 
by a decline in th e  Am erican quo tation  from 
3'25 cents to  3 cents per lb. There is an  impression 
in th e  m arket th a t  both  lead and  spelter m ay 
eventually  be transferred  from th e  B ritish tariff 
schedule to  th e  free list.

Average m ean price of soft foreign lead : March, 
1932, ¿12 9s. 9d. ; February , 1932, ¿14 11s. 3d. ; 
March, 1931, ¿13 4s. 9d. ; February , 1931,
¿13 9s. l id .

Sp e l t e r .— D espite evidence th a t  th e  stocks 
held by th e  In terna tional Zinc Cartel are shrinking, 
sentim ent has no t been particu larly  strong and 
prices have given w ay in London, helped by easier 
advices a t  tim es from America and by th e  advance 
in  sterling. The gold values of both  spelter and 
lead are now a t  extraordinarily  low levels. The 
suggestion is being m ooted on th e  C ontinent th a t  
a zinc Customs bloc should be formed there  as a reply 
to  th e  B ritish tariff. Germ any, owing to  trad e  
friction, has locked ou t Canadian spelter by  m eans 
of a prohibitive tariff.

Average m ean price of spelter : March, 1932, 
¿12 16s. 4d. ; February , 1932, ¿14 Is. 7d. ; March, 
1931, ¿12 8s. 7d. ; February , 1931, ¿12 9s. l id .

I ron  a n d  St e e l .— Sentim ent on the  British 
pig-iron m arke t rem ained fairly cheerful during 
March, b u t business on th e  whole was quiet, 
despite th e  v irtual exclusion of Continental pig-iron. 
Indian  com petition on th e  Scottish m arket, however, 
rem ains serious. Cleveland prices are steady, 
No. 3 foundry G.m.b. rem aining a t  58s. 6d. As 
regards British finished iron and steel, the  close of 
March saw a slight im provem ent, b u t th e  position 
of th e  mills as a whole leaves m uch to  be desired. 
I t  would no t be surprising if one of the  first decisions 
of th e  Tariff Advisory Com m ittee was to  increase 
th e  present im port d u ty  of 10% on foreign steel. 
The C ontinental steel m arket has continued to  
weaken and  th e  extraordinarily  cheap prices of 
foreign semis has created  some in terest am ongst 
B ritish consumers.

I ro n  O r e .—The iron ore position can only be 
described as serious. On th e  C ontinent ironm asters 
are overstocked w ith ore and have huge quantities 
due to  them  on co n tract for which th ey  have no 
room and cannot pay. In  th is country  a few odd 
cargoes change hands on th e  basis of abou t 16s. 
per ton  c.i.f. for best Bilbao rubio.

A n t im o n y .— A t th e  close of March, English 
regulus was quoted a t  ¿40 to  ¿42 10s. per ton. 
Foreign regulus was in b u t scant dem and ; Chinese 
m etal for forward shipm ent was, however, offered 
a t  ¿22 5s. c.i.f., whilst spo t was nom inally quoted 
a t  abou t ¿27 15s. ex-warehouse.

A r s e n ic .—The m arket is not very active and 
prices a re  qu ite  nominal. Cornish w hite is very 
scarce, whilst foreign m aterial is uncertain, owing 
to  exchange fluctuations, and quotations are m ade 
only against definite enquiries.

B is m u t h .—W ith  sterling firmer th e  official 
price has been reduced to  4s. 6d. per lb for 5 cwt. lots 
and over, dem and being quietly  steady.

Ca d m iu m .—There is no t a great deal moving, 
and prices are ra th e r easier a t  about 2s. 2d., to  
2s. 2 |d . per lb.
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LONDON D A IL Y  M ETAL PR IC E S.
C op per, T in , Z in c , and L ead  per L o n g  T on  ; S ilv e r  p er S ta n d a r d  O u n ce  ; G o ld  per F in e  O u n ce .

M ar.
U
14
15
16
17
18 
21 
22
23
24
29
30
31

A pr.
1
4
5
6
7
8 

11

C O P P E R .

S TA N D A R D .

£  s. d .
3 2  18  9
33  13 9  
33  6  104  
33 8  9
32  1 8  9
3 3  13 9  
3 2  14  44
3 2  10 tOJ
3 3  1 104  
32  1 5  7*  
31 18  14 
31 13 9  
30  18  14

2 9  16  3
3 0  8  1» 
30  1 0  74  
3 0  3  9  
2 9  1 0  74  
2 9  5  0  
2 9  9  44

3  M on th s,

£ s. d.
33  3  9  
3 3  1 6  3  
33  6  3  
3 3  6  3
32  1 8  9
33  13  9  
3 2  15  74
3 2  1 9  44
33  4  4,' 
3 2  1 8  l i  
3 2  3  9  
31 15  74  
31  1

3 0  1 3  
3 0  11 104
30  
3 0  1 
2 9  10  
2 9  8  
2 9  14

F.l e c t r o -
LYTIC.

£ s. d.
3 6  10  0
3 6  17  6
3 7  0  0  
3 7  0  0 
3 7  0  0  
37  0  0  
3 6  1 7  6 
3 6  15  0
3 6  15  0
37  5  0
35  1 5  0
3 6  0  0 
3 5  0  C

3 4  0  0  
3 4  0  0  
3 4  0  0  
3 4  1 0  0  
3 4  5  0  
3 4  5  0  
3 4  5  0

B e s t  
S e l e c t e d .

£  s. d .
3 5  10 0

3 5  5  0

3 6  10  0

3 6  0  0

3 6  0  0  
3 4  10  0

3 2  15  0

3 3  0  0

32  10  0

T I N .
ZIN C

(S p elter ).

L E A D . S I L V E R .

GOLD.
S o f t

F o r e i g n .
E n g l i s h . C ash . F o r

w ard.
Cash. 3  M on th s.

£ s. d. £ s. d . £ s . d . £ s. d . £ s. d . d. d. s. d.
130 15 0 132 7 6 12 13 9 12 10 0 14 10 0 1 8 * 181 113 8
1 29 16 3 131 8 9 12 13 9 12 12 6 14 10 0 1 8 * 1 8 * 114 0
128 2 6 129 17 6 12 10 0 12 6 3 14 5 0 1 8 1 181 114 0
129 16 3 131 8 9 12 3 9 12 3 9 14 5 0 181 181 114 0
128 11 3 130 3 9 12 11 3 12 10 0 14 10 0 18 181 114 5
130 5 0 132 0 0 12 18 9 12 10 0 14 10 0 1 8 * 1 8 * 114 4
127 8 9 129 1 3 12 12 6 12 2 0 14 5 0 1 7 * 171 112 10
127 17 6 129 11 ■A 12 8 9 12 0 0 14 0 0 17.1 1 7 * 113 1
128 12 6 130 6 3 12 8 9 12 3 9 14 5 0 1 8 * I S* 113 2
126 10 0 128 3 9 12 5 0 11 17 6 14 0 0 1 7 * 1 7 « 112 2
1 1 8 3 9 119 11 3 11 7 0 11 11 3 13 10 0 1 7 * 1 7 * 108 11
1 2 0 12 6 122 2 6 11 15 0 11 15 0 13 10 0 171 1 7 « 110 5
114 2 6 115 17 U 11 5 U 11 2 6 13 0 0 171 1 7 * 109 1

106 15 0 108 7 6 10 15 0 9 17 6 12' 0 0 17 * 174 108 4
111 3 9 113 2 6 11 2 6 11 2 6 13 5 0 171 178 109 11
109 1 3 111 2 6 10 17 6 11 1 3 13 5 0 171 1 7 * 109 5
108 11 3 n o 13 9 10 11 3 10 16 3 13 5 0 17 1 7 * 109 8
107 0 0 109 in 0 10 11 3 10  17 6 13 1 0 0 1 6 * 161 109 0
105 3 9 107 13 9 10 16 3 10 18 9 13 1 0 0 1 6 * 161 109 8
104 8 9 106 13 9 10 17 0 11 0 0 13 0 0 1 6 * 17 109 4

C o b a l t .— T h e  p rice  of th is  m e ta l is r a th e r  
u n c e r ta in  ow ing  to  th e  f lu c tu a tio n s  in  ex ch an g e  
ra te s , b u t  th e  official q u o ta tio n  is 9s. p e r  lb.

Co balt  O x id e s .— O n ly  lim ite d  q u a n ti t ie s  a re  
ch an g in g  h a n d s , p rices be in g  a b o u t 5s. p e r  lb. 
fo r b la c k  a n d  5s. 9d. fo r grey .

Ch r o m iu m .—M etal is still 3s. per lb., w ith  a 
m oderate dem and from  th e  p lating  industry.

T a n ta lu m .— D e m a n d  is slow  a n d  p rices a re  
q u o ta b ly  u n c h a n g e d  a t  ¿25 to  £30 p e r  lb.

P l a t in u m .— Prices a re  still being ad justed  to  
th e  dollar quo tation  and  w ith  th e  exchange moving 
so quickly a lte ra tions a re  m ade alm ost daily. 
Business is ham pered and  few sales have been 
effected. Refined m etal a t  p resen t is ab ou t £9 16s. 
to  ¿10 Is. pe r oz.

P a l l a d iu m .— An easier tone  has been seen 
following th e  streng th  of sterling, ab ou t ¿4 15s. 
to  £5 per oz. being th e  cu rren t quotation.

I r id iu m .— Prices can only be considered nom inal 
in th e  region of ¿17 to  ¿19 per oz. for sponge and 
powder.

O sm iu m .— A bout ¿16 to  ¿17 per oz. represents 
th e  p resen t value, dem and being slow.

T e l l u r iu m .— Q uotations a re  qu ite  nom inal on 
th e  basis of ab o u t 10s. p er lb. (gold).

Se l e n iu m .— A quiet business continues in 
evidence a t  ab ou t 7s. 8d. to  7s. 9d. p er lb. (gold.)

M a n g a n e se  O r e .—The featu re  of th e  p ast 
m onth  has been th e  conclusion of an  arrangem ent 
betw een th e  Soviet G overnm ent and  Belgian 
steel works, w hereby th e  Soviet will place in 
Belgium a  stock of fully 100,000 tons of ore, to  be 
draw n upon by th e  Belgian steel works. Very low 
prices a re  m entioned in connexion w ith  th e  deal, 
bu t definite inform ation is lacking. Otherwise 
business is very  slow. B est Ind ian  ore stands a t  
ab o u t 9Jd. to  9£d. per un it c.i.f. and good 48% 
Ind ian  a t  8Jd. to  9d.

A l u m in iu m .— Fears were en terta ined  by th e  con
sum ing in dustry  during M arch th a t  th e  hom e trad e  
price would be advanced owing to  th e  tariff affecting 
certain  raw  m ateria ls used in th e  reduction  of 
a lum inium  and  some covering purchases were

m ade. So far, how ever, quo tations remain 
unaltered  a t  ¿95, less 2% , delivered, for ingots 
and  bars.

Su l p h a t e  o f  C o p p e r .— A ra th e r  easier tone 
has prevailed here, prices being ab ou t ¿18 10s. 
to  ¿19, less 5% , for B ritish  m aterial.

N ic k e l .— Owing to  th e  firmnqss in sterling, 
prices have  been reduced to  ¿220 to  ¿225 per ton, 
according to  q u an tity . D em and, however, remains 
ra th e r slow.

Ch r o m e  O r e .— The falling aw ay  in th e  Rhodesian 
o u tp u t th is  year is evidence of th e  quietness of 
dem and, b u t prices a re  upheld a t  ab o u t 80s. to  85s. 
per to n  c.i.f. for good 48%  R hodesian ore and 
100s. to  110s. for 55 to  57%  New Caledonian.

Q u ic k s il v e r .— Prices were advanced  following 
th e  im position of a  d u ty , b u t th e  undertone of the 
m arket is none too strong, and  spot material 
is ob tainable  a t  ab ou t ¿18 10s. to  ¿18 12s. 6d. 
per bo ttle  net.

T u n g st e n  O r e .— The m ark e t has been stagnant 
and  forw ard sh ipm ent from  China is now offering 
a t  around  13s. per u n it c.i.f.

M o l y b d e n u m  O r e .— A quiet dem and continues 
in evidence a t  a round  37s. 6d. to  39s. per unit 
c.i.f. for 80 to  85%  concentrates.

G r a p h it e .— T here is no th ing  m uch moving 
and prices a re  ra th e r nom inal a t  ab o u t ¿16 to  ¿18 
c.i.f. for 85 to  90%  raw  M adagascar flake, and 
¿17 to  ¿19 c.i.f. for 90%  Ceylon lum ps.

S il v e r .— The m ain  feature  of th e  silver market 
during  th e  p a s t m on th  has been, of course, the 
decline in prices here as th e  resu lt of th e  improve
m en t in th e  in te rn a tio n al value of sterling. Spot 
bars were 19Jd. on M arch 1, falling to  18^d. on 
M arch 15 and  closing a t  17gd. on March 31. Strong 
efforts a re  still being m ade in th e  U nited States 
to  secure an  in te rnational conference on silver, 
leading bankers and  in d ustria lis ts  in a  number 
of countries hav ing  been inv ited  to  subm it their 
views. I t  still rem ains doubtful, however, whether 
any  such conference will be convened, a t any  rate 
w ith official support.
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STATISTICS
P R O D U C T IO N  O F  G O L D  IN  T H E  T R A N S V A A L .

R a n d .
E l s e 

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

O z. Oz. O z.
M arch, 1 9 3 1 ............................. 8 6 9 ,3 3 1 4 1 ,6 6 7 9 1 0 ,9 9 8

8 4 0 ,2 5 9 4 2 ,0 7 8 8 8 2 ,3 3 7
8 6 7 ,9 4 9 4 2 ,3 3 0 9 1 0 ,2 7 9
8 5 5 ,0 7 3 4 2 ,6 7 7 8 9 7 ,7 5 0

J u l y .............................................. 8 7 2 ,1 9 8 4 4 ,6 4 5 9 1 6 ,8 4 3
A u g u s t ........................................ 8 7 0 ,8 2 2 4 5 ,6 0 3 9 1 6 ,4 2 5
Septem ber ............................... 8 7 2 ,0 5 3 4 3 ,9 7 1 9 1 6 ,0 2 4
O ctober .................................... 9 0 0 ,3 5 3 4 4 ,7 6 0 9 4 5 ,1 1 3
N o v e m b e r .................................. 8 5 5 ,1 0 2 4 5 ,4 0 8 9 0 0 ,5 1 0
D e c e m b e r ................................. 8 7 7 ,1 7 8 4 6 ,1 7 5 9 2 3 ,3 5 3
January, 1932  ....................... 8 9 0 ,6 8 8 4 6 ,0 9 6 9 3 6 ,7 8 4
F ebruary.................................... 8 6 9 ,7 1 1 4 4 ,3 0 1 9 1 4 ,0 1 2
March ........................................ 9 1 4 ,0 1 7 4 6 ,0 1 8 9 6 0 ,0 3 5

T R A N S V A A L  G O L D  O U T P U T S .

F e b r u a r y . M a r c h  .

T rea ted  
T o n s.

Y ie ld
O z.

T reated
T ons.

Y ie ld
O z.

B ra k p a n ............................... 9 6 ,5 0 0 £ 1 5 1 ,8 3 3 1 0 4 ,0 0 0 £ 1 6 0 ,9 2 2
City D eep .......................... 7 7 ,5 0 0 2 0 ,4 7 3 8 3 ,0 0 0 2 1 ,4 8 6
Cons. Main R e e f ............. 0 8 ,5 0 0 2 3 ,0 1 9 6 7 ,5 0 0 2 2 ,8 0 4
Crown M ines....................... 2 6 0 ,0 0 0 8 0 ,1 0 0 2 7 5 ,0 0 0 8 5 ,0 3 1
D a g g a fo n te in .................... 3 1 ,0 0 0 £ 4 0 ,6 7 3 3 6 ,0 0 0 £ 5 9 ,0 1 4
D ’r b ’D R oodepoort D eep 4 7 ,0 0 0 1 5 ,4 4 8 4 9 ,5 0 0 1 6 ,1 3 3
East G e d u ld ..................... 5 1 ,0 0 0 1 5 ,4 3 6 5 6 ,0 0 0 1 7 ,2 6 5
East Rand P.M .................. 1 5 2 ,0 0 0 4 0 ,3 2 5 1 5 8 ,0 0 0 4 1 ,8 5 4
Geduld................................... 8 1 .U 0 0 2 5 ,9 3 2 8 5 ,3 0 0 2 6 ,9 2 3
Geidenhuis D e e p ............. 7 1 ,0 0 0 1 7 ,0 0 2 7 5 ,0 0 0 1 7 ,4 8 1
Glynn's L ydenb u rg  . . . 6 ,1 0 0 2 ,3 4 5 6 ,0 0 0 2 ,5 7 2
Government G .M . A reas 2 0 0 ,0 0 0 £ 3 8 9 ,5 1 0 2 0 8 ,0 0 0 £ 4 0 6 .6 7 8
Kleinfontein ..................... 4 9 ,0 0 0 9 ,6 6 0 5 0 ,2 0 0 1 0 ,0 6 0
Langlaagte E s ta te  . . . .  
Luipaard’s V l e i ................

7 7 ,0 0 0 £ 1 0 7 ,1 8 0 8 0 ,0 0 0 £ 1 1 2 ,4 1 5
3 1 ,1 0 0 7 ,8 2 3 3 3 ,5 0 0 8 ,3 7 7

Meyer and C harlton  . .  . 1 7 ,2 0 0 £ 1 6 ,6 2 2 1 8 ,2 0 0 £ 1 7 ,8 0 4
Modderfontein N e w . . .  . 1 0 1 ,0 0 0 6 3 ,0 8 0 1 6 7 ,0 0 0 6 6 ,3 3 6
Modderfontein B  .......... 7 2 ,5 0 0 2 0 ,4 9 5 7 6 ,0 0 0 2 1 ,4 9 5
Modderfontein D e e p  . . 4 3 ,0 0 0 2 0 ,9 2 2 4 4 ,8 0 0 2 1 ,7 1 5
Modderfontein E a st . . . 7 2 ,0 0 0 2 1 ,1 0 1 7 3 ,5 0 0 2 1 ,5 4 9
New State A reas . . . . 8 2 ,0 0 0 £ 1 7 2 ,0 6 4 8 7 ,0 0 0 £ 1 8 0 ,7 4 2
Notirse ................................. 6 8 ,0 0 0 2 0 ,2 0 9 7 0 ,0 0 0 2 1 ,0 1 4
Randfontein ..................... 2 3 2 ,0 0 0 £ 2 6 7 .2 8 6 2 4 0 ,0 0 0 £ 2 8 3 ,4 8 5
Robinson D e e p ................ 9 2 ,8 0 0 2 7 ,0 6 2 9 5 ,5 0 0 2 8 ,1 6 9
Rose D e e p .......................... 5 9 ,6 0 0 1 2 ,7 8 5 6 2 ,5 0 0 1 2 ,9 8 6
Simmer and J a c k .......... 7 8 ,5 0 0 2 1 ,3 4 8 7 8 ,9 0 0 2 1 ,8 2 6
S p r in g s................................. 6 7 ,5 0 0 £ 1 4 8 ,2 6 4 6 8 ,8 0 0 £ 1 6 0 ,5 5 4
Sub N i g e l ............................ 3 5 ,0 0 0 3 0 ,6 9 8 3 7 ,0 0 0 3 1 ,8 6 7
Transvaal G .M . E s ta te s 1 7 ,1 0 0 4 ,9 1 8 1 8 ,3 0 0 5 ,1 7 5
Van R yn ............................ 4 5 ,5 0 0 £ 4 2 ,7 4 8 4 9 ,0 0 0 £ 4 3 ,1 6 3
Van Ryn D e ep  ............... 6 6 ,0 0 0 £ 9 3 ,3 0 0 6 7 ,0 0 0 £ 9 2 ,4 2 1
West Rand C onsolidated 8 9 ,0 0 0 £ 1 0 0 ,7 1 8 9 5 ,0 0 0 ¿ 1 0 7 ,7 2 3
West S p r in g s ..................... 7 3 ,8 0 0 £ 7 5 ,5 7 0 7 7 ,0 0 0 £ 8 1 ,5 8 4
W itw’tersr’nd (K n ig h ts) 6 2 ,0 0 0 £ 5 1 ,4 7 3 6 6 ,0 0 0 £ 5 5 ,0 8 4
W itwatersrand D e e p  . . 4 2 ,2 0 0 1 2 ,9 4 7 4 2 ,2 0 0 1 4 ,4 1 7

V a lu es in  S .A . cu rren cy .

COST A N D  P R O F I T  O N  T H E  R A N D , E tc .

Compiled from  o ffic ia l s t a t is t ic s  p u b lish ed  b y  th e T ra n sv a a l 
C h am b er o f  M ines.

[tito-
lum ps- 

t i e  sä« 6
u, of «s 
It of tie*? 
of steif"} * 
lliijt«1?

;renee t# 
ts m 3 Ie 
to sal1*; 
owevtt 'l 
ted, at311

T ons
m illed .

Y ie ld  
per ton .

W o rk ’g  
co st  

p er ton .

W o rk ’g  
profit  

p er ton .

T o ta l
w o r k in g

p ro fit.

s. d . s. d . s. d . £
D ec., 1930 . . . 2 ,6 6 1 ,2 0 0 28 6 19 9 8 9 1 ,1 6 0 ,5 4 8
January, 1931 2 ,7 2 1 ,3 1 6 28 3 19 8 S 7 1 ,1 7 1 ,4 5 6
February . . . . 2 ,4 8 1 ,6 0 0 28 6 20 1 8 5 1 ,0 4 5 ,9 8 0
M a r c h ............. 2 ,7 1 8 ,4 0 0 28 2 19 9 8 5 1 ,1 5 1 ,0 1 7
A p ril.................. 2 ,5 9 2 ,8 0 0 28 7 20 1 8 6 1 ,105,711
M a y .................. 2 ,7 5 1 ,4 0 0 27 10 19 6 S 4 1 ,1 4 9 ,1 0 5
J u n e ................. 2 ,6 9 8 ,1 0 0 2 8 0 1 9 7 8 5 1 ,1 4 0 ,3 9 9
J u l y .................. 2 ,7 7 1 ,4 0 0 27 10 19 6 8 4 1 ,1 5 5 ,4 6 6
A u g u s t............. 2 ,7 9 9 ,8 0 0 27 10 19 5 8 5 1 ,1 5 9 ,3 8 2
S e p te m b e r .. . 2 ,7 6 5 ,4 0 0 2 7 10 19 5 8 5 1 ,162 ,355
O c to b e r .......... 2 ,8 7 0 ,8 0 0 27 8 19 3 8 5 1 ,2 1 0 ,7 4 3
N ovem b er . . 2 ,7 2 6 ,7 2 0 2 7 10 19 5 8 5 1 ,1 4 4 ,2 0 8
D ecem ber . . . 2 .7 9 3 ,9 0 0 27 10 19 5 8 5 1 ,1 7 3 ,7 3 2
January, 1932 2 ,8 8  1,500 27 5 19 4 8 1 1 ,1 6 3 ,4 3 4
February . . . . 2 ,7 7 5 ,4 0 0 2 7 8 19 6 8 2 1 ,1 3 3 ,2 1 2

N A T IV E S  E M P L O Y E D  I N  T H E  T R A N S V A A L  M IN E S

G o l d

M i n e s .
C o a l

M i n e s .
D ia m o n d

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

M arch  3 1 , 1 931  . . . . 2 0 7 ,2 3 9 1 3 ,4 3 6 4 ,1 0 6 2 2 4 ,7 8 1
A p ril 3 0 .......................... 2 0 6 ,7 7 0 1 3 ,2 4 2 4 ,0 3 0 2 2 4 ,0 4 2
M ay 31 ........................ 2 0 7 ,1 0 9 1 3 ,3 0 5 3 ,6 8 9 2 2 4 ,1 0 3
J u n e  3 0  ....................... 2 0 7 ,2 0 9 1 3 ,2 8 6 3 ,3 4 5 2 2 3 ,8 4 0
J u ly  3 1 ........................ 2 0 8 ,1 5 5 1 3 ,5 1 2 1 ,8 1 7 2 2 3 ,4 8 4
A u g u s t 3 1 ..................... 2 0 9 ,4 0 9 1 3 ,5 6 3 1 ,7 0 5 2 2 4 ,6 7 7
S e p te m b e r  3 0 ............. 2 0 9 ,4 2 4 1 3 ,2 7 6 1 ,6 2 0 2 2 4 ,3 2 6
O c to b e r  3 1 .................. 2 0 8 ,9 8 7 1 3 ,0 6 1 1 ,5 1 7 2 2 3 ,5 6 5
N o v e m b e r  3 0  ........... 2 0 9 ,2 7 0 1 2 ,8 8 2 1 ,4 2 9 2 2 3 ,5 8 1
D e c e m b e r  3 1 ............. 2 1 1 ,5 5 2 1 2 ,2 6 0 1 ,4 0 2 2 2 5 ,2 1 4
J a n u a r y  3 1 , 1 9 3 2 . . . 2 1 5 ,7 5 2 1 2 ,3 9 4 1 ,5 9 8 2 2 9 ,7 4 4
F eb ru a ry  2 9 ............... 2 1 6 ,1 7 1 1 2 ,1 7 7 1 ,3 6 3 2 2 9 ,7 1 1
M arch 31 ..................... 2 1 4 ,0 2 4 1 2 ,0 0 4 — 2 2 6 ,0 3 3

P R O D U C T IO N  O F  G O L D  IN  R H O D E S IA .

1929 1930 1931 1932

oz. oz. oz. oz.
J a n u a r y ....................... 4 6 ,2 3 1 4 6 ,1 2 1 4 5 ,6 7 7 4 2 ,7 0 6
F eb ru a ry  .................. 4 4 ,5 5 1 4 3 ,3 8 5 4 2 ,8 1 8 4 5 ,0 3 2
M arch .......................... 4 7 ,3 8 8 4 5 ,5 1 1 4 2 ,2 7 8 —
A p ril .......................... 4 8 ,2 1 0 4 5 ,8 0 6 4 3 ,7 7 6 —
M ay ............................ 4 8 ,1 8 9 4 7 ,6 4 5 4 3 ,7 3 1 —
J u n e ............................... 4 8 ,4 0 6 4 5 ,2 0 8 4 4 ,1 1 8 —
J u ly  ............................ 4 6 ,3 6 9 4 5 ,8 1 0 4 4 ,7 6 5 —
A u g u s t .......................... 4 6 ,4 7 3 4 6 ,1 5 2 4 3 ,2 9 2 —
S e p te m b e r .................. 4 5 ,0 2 5 4 6 ,1 5 1 42,846 —
O cto b er  ..................... 4 6 ,9 2 3 4 5 ,0 0 6 44,260 —
N o v e m b e r  ................ 4 6 ,2 1 9 4 4 ,3 5 1 4 4 ,5 1 6 —
D e c e m b e r .................. 4 6 ,8 2 9 4 6 ,4 8 5 50,034 —

R H O D E S IA N  G O L D  O U T P U T S .

F e b r u a r y . M a r c h .

T o n s. O z. T ons. O z.

C am  an d  M o t o r ............... 2 3 ,4 0 0 9 ,4 3 7 2 4 ,8 0 0 9 ,9 5 5
G lo b e an d  P h osn ix 6 ,0 9 4 6 ,2 8 6 6 ,1 5 2 6 ,5 3 8
L o n e ly  R e e f ....................... 7 ,5 0 0 2 ,4 3 5 8 ,0 0 0 2 ,3 4 6
L uiri G old  .......................... 1 ,2 5 5 1 ,0 4 1 — —
R ezen d e  ............................... 0 ,1 0 0 2 ,4 2 8 6 ,5 0 0 2 ,5 9 7
S herw ood  S ta r  ................ 4 ,6 0 0 £ 8 ,7 0 5 4 ,8 0 0 £ 7 ,9 3 0
W an derer  C on so lid ated 1 4 .3 0 0 3 ,5 1 9 1 5 ,5 0 0 3 ,5 8 7

W E S T  A F R IC A N  G O L D  O U T P U T S .

F e b r u a r y . M a r c h .

T o n s. O z. T ons. O z.
A riston  G old  M ines . 5 ,4 3 7 £ 9 ,5 6 9 — —
A sh a n ti G o ld fie ld s . . 1 2 ,9 1 8 1 4 ,2 0 2 1 3 ,3 0 0 1 4 ,6 1 0
T a q u a h  and A b o sso . . 9 ,6 4 0 £ 1 3 ,1 3 7 1 0 ,7 9 9 £ 1 4 ,0 7 4

A U S T R A L IA N  G O L D  O U T P U T S  B Y  S T A T E S .

W estern
A u stra lia . V ictoria . Q ueen slan d

Oz. Oz. Oz,
M arch , 1931 .................................... 3 4 ,9 4 6 4 ,4 8 2 898
A p ril ...................................................... 3 8 ,8 9 1 3 ,2 5 0 732
M a y ........................................................... 3 8 ,2 5 5 4 ,1 9 6 784
J u n e ........................................................ 4 7 ,5 0 7 3 ,1 9 4 893
J u l y ......................................................... 3 8 ,7 8 5 3 ,6 4 1 1 ,2 2 0
A u g u s t ................................................... 5 2 ,5 0 1 3 ,0 2 0 610
S e p t e m b e r ............................................ 3 8 ,1 7 3 — 0 3 8
O c t o b e r ................................................. 5 2 ,7 4 1 7 ,8 3 8 t 1 ,0 3 1
N o v e m b e r  .......................................... 5 3 ,8 6 9 4 ,7 5 8 1 ,4 2 8
D e c e m b e r .............................................. 4 9 ,2 1 5 — 1 ,2 2 4
J a n u a r y , 1 9 3 2 .................................... 4 4 ,0 3 7 ■—■ 916
F e b r u a r y -.............................................. 4 4 ,6 7 2 — —
M arch ................................................... 4 7 ,1 0 8 — —

t  S e p t. a n d  O ct.

A U S T R A L A S IA N  G O L D  O U T P U T S .

F e b r u a r y . M a r c h  .

T o n s V a lu e £ T o n s. V a lu e £

A sso c ia ted  G.M . (W .A .) . . 4 ,9 2 1 5 ,1 0 5 5 ,5 9 7 5 ,5 0 4
B la c k w a ter  (N .Z .) ............. 3 ,  L01 7 ,8 2 1 3 ,5 7 3 8 ,3 5 2
B o u ld e r P e r se v ’c e (W .A .) . , 7 ,0 7 4 1 4 ,8 4 5 7 ,3 1 5 1 5 ,2 1 5
G rt. B o u ld er  P ro . (W .A .) . 9 ,3 3 7 2 3 ,7 2 2 1 0 ,0 2 6 2 5 ,7 2 1
L ake V iew  & S ta r  (W .A .) 1 8 ,8 5 1 2 7 ,0 2 6 — —
S o n s  o f  G w alia  (W .A .) . . . 1 3 ,2 4 2 1 5 ,6 3 7 1 3 ,4 7 6 1 4 ,7 7 5
S o u th  K a lg u r li (W .A .) . . . 8 ,8 9 8 1 5 ,2 3 8 9 ,3 3 9 1 5 ,9 9 6
W a ih i (N .Z .) .......................... 1 9 ,2 1 8 1 6,< 94*  

1 5 1 ,9 4 1 t - { -
W i l u n a ....................................... 2 6 ,2 3 3 3 3 ,6 1 5 2 7 ,0 1 0 3 6 ,1 1 8

* O z. g o ld . t  O z. s i lv e r .
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G O L D  O U T P U T S , K O L A R  D I S T R I C T , I N D I A .

F e b r u a r y . M a r c h .

T o n s
Ore

T o ta l
O z.

T o n s
O re

T o ta l
O z.

B a la g h a t ........................ 3 ,0 0 0 2 ,1 0 1 2 ,9 5 0 2 ,1 0 5
C h a m p io n  R e e f ........... 8 ,6 8 0 5 ,2 2 7 9 ,3 4 0 5 ,4 1 4
M y so r e ............................... 1 5 ,3 7 9 6 ,6 0 9 1 6 ,6 0 0 7 ,1 6 0
N u n d y d r o o g  ................ 1 2 ,0 6 0 7 ,1 0 4 1 2 ,5 2 1 7 ,3 0 9
O oregum  ........................ 1 1 ,1 7 5 4 ,3 6 4 1 1 ,1 6 0 4 ,3 7 0

O U T P U T S  O F  N I G E R I A N  T I N  M IN IN G  C O M P A N IE S. 
I n  L o n g  T o n s  o f  C o n c e n t r a t e .

M IS C E L L A N E O U S  G O L D , S I L V E R , A N D  P L A T IN U M  
O U T P U T S .

F e b r u a r y . M ARCH.

T o n s V a lu e £ T o n s V alu e £

C hosen  C orp. (K orea) . . . 9 ,2 3 0 1 5 ,9 2 0 1 0 ,0 7 0 2 0 ,3 4 6
F ro n tin o  G old  (C’lbia) . . . 3 ,4 3 0 1 7 ,1 3 3 3 ,1 6 0 1 6 ,6 2 8
F r e s n i l l o .................................... 8 0 ,0 6 5 l l , 3 2 7 d t — —
N e w  G o ld fie ld s  o f  V e n e 

zu e la  ........................................ 6 ,4 8 5 1 ,8 1 5 * 7 ,7 6 5 2 ,3 0 4 *
O rien ta l C ons. (K o rea ) . . 8 .2 1 4 7 0 ,0 6 7 d — —
R e m a n c e ................................... — — — —
S t. J o h n  d el R e y  (B r a z il) . — 3 5 ,2 0 0 — 3 7 ,3 0 0
S a n ta  G ertru d is  (M ex ico ) . 2 5 ,6 8 3 3 4 ,1 9 2 r f — —
V ib o r i t a .................................... — 6 9 6 — 6 0 0
W e st M ex ica n  M in e s ........... 1 ,500 2 3 ,0 0 0 á — —

¡¿ D o lla rs . * O z .g o l d .  t  L oss . £ T o  J a n . 16

P R O D U C T IO N  O F  T I N  I N  F E D E R A T E D  M A L A Y  S T A T E S .  
E stim a te d  a t  72%  o f C o n ce n tra te  sh ip p e d  to  S m elte rs . L ong  T o n s .

J u ly ,  1931 . 
A u g u st  
S e p te m b e r  . 
O cto b er  . . .  
N o v e m b e r  . 
D e cem b e r  .

1 4 ,7 5 7 J a n u a r y , 1 9 3 2  .............
1 5 ,3 75 F eb ru a ry  .......................

2,449 M a r c h ...............................
3 ,2 8 2 A p r i l ..................................

2 ,4 8 8 M ay ..................................
3 ,2 2 2 J u n e ..................................

3 ,0 1 4
2 ,1 3 2
3 ,0 6 4

O U T P U T S  O F  M A L A Y A N  T I N  C O M P A N IE S .  
I n  L o n g  T o n s  o f  C o n c e n t r a t e .

J a n u a r y . F e b r u a r y . M a r c h .

A yer H ita m  ....................................... 2 9 | — 119
B a tu  C a v e s .......................................... — — 25
C h an gk at ............................................ 90 75 47
G openg  ................................................. 32 7 6 0
H o n g k o n g  T in  .................................. 4 8 | — 7 8 *
Id ris  H y d r a u lic  ............................... 6 1 — 2 9 *
I p o h ......................................................... 36 24J 321
K am par M alaya ............................. — — —
K am p ong  L a n j u t ............................ 50 35 8
K a m u n t in g ......................................... 70 9 6 1 201
K en t ( F .M .S . ) .................................... 15 — 1 41
K ill in g h a l l ............................................ — — 23
K i n t a ...................................................... 20 — 30
K inta  K e l la s ....................................... 2 6 | — 2 11
K ra m a t T in .......................................... 85 8 5 105
K uala  K a m p a r .................................. 40 38 32
K u n d a n g  .............................................. — — —
L a h a t ...................................................... 14* 71 91
L ow er P e r a k ....................................... 8 5 ----
M alaya C o n s o l id a te d ..................... — ---- —
M alayan  T i n ....................................... 8 9 * 9 01 1071
M alim  N a w a r .................................... 2 5 21 2 8
P a h a n g  ................................................. 125 125 125
P en a w a t .............................................. — — —
P en g k a le n  ......................................... 14 — 7 41
P e t a l in g ................................................. 155 90 190
R a h m a n  .............................................. 4 0 | 401 4 0 i
R a m b u ta n  ......................................... 4 Ï — 16
R a n ta u  ................................................. i n 171 48
R a w a n g ................................................. 30 52 40
R a w a n g  C o n c e s s io n s ..................... 37 35 40
R e n o n g  ................................................. 2 2 b 2 S 2 8 1
S e la y a n g  ............................................ 17b — 161
S o u th e rn  K a m p a r .......................... ---- — 126
S o u th e rn  M a la y a n .......................... 113 31 119
S o u th e rn  P erak  ............................... 53  i 1 1* 41*
S o u th e rn  T r o n o h ............................ 2 4 16 27
S u n g e i B e s i ......................................... 33 3 3 33
S u n g e i K in ta  .................................... 221 16 2 5
S u n g e i W a y  ....................................... 681 — 711
T a ip in g  ................................................. 17 14 19
T a n io n g ................................................. 12 19 45
T e k k a  .................................................... 27 — 3 0
T ek k a  T a ip in g .................................... 401 2 45
T e m o h .................................................... — — —
T ron oh  ................................................. 52 80 4 3
U lu  K la n g ............................................. — 121 —

J a n u a r y . F e b r u a r y . M a r c h .

A n g io -N ig e r ia n .................................. 5 3 * 1 0 1 48*
A sso c ia te d  T in  M in e s ..................... 2 30 1 2 9 235
B a b a  R i v e r .......................................... 41 — 4*
B a tu r a  M o n g u n a ............................... 1 1 — 3
B i s i c h i .................................................... 37 27 38
D a f fo ......................................................... 5 2 1 —

E x -L a n d s  ............................................. 56 34 45
F i l a n i ...................................................... 3 . - —

J a n  t a r ...................................................... 10 18 13
J o s  ........................................................... 11* 1 1 1 —

J  u g a  V a lle y  ....................................... 51 S J 8
K a d u n a  S y n d ic a t e .......................... 2 5 ---- —

K a d u n a  P r o sp e c to r s ........................ 11 ---- —

K a s s a ...................................................... 15 ---- 11
L o n d o n  T in  ....................................... 150 143 135
L o w er  B i s i c h i .................................... 4 4 —

N a r a g u ta  E x te n d e d  ..................... — — —

N ig er ia n  C o n s o l id a te d .................. 12 12* 7
Of&n R iv e r ............................................ 31 3 21
R ib o n  V a lle y  ..................................... 12 4 f 17
T in  F i e l d s ............................................ — 4* —

U n ite d  T in  A r e a s ............................. 2 2 1 — 24
Y arde K erri .......................................

O U T P U T S  O F  O T H E R  T I N  M IN IN G  C O M P A N IE S.
I n  L o n g  T o n s  o f  C o n c e n t r a t e .

J a n u a r y . F e b r u a r y . M a r c h .

A n g lo -B u r m a  (B u r m a ) .................. 2 8 171 183
A ra m a y o  M in es ( B o l i v i a ) ........... 130 134 141
B a n g r in  (S iam ) ............................... — — 384
B e r a lt  ................................................. 30* 30* 31*
C o n so lid a te d  T in  M ines (B u rm a) 95 95 103
E a s t P o o l (C ornw all) .................. 49 4 6 * —
F a b u lo sa  ( B o l i v ia ) .......................... 4 7 1 39  r 471
K a g er a  ( U g a n d a ) ............................. 18 20 —
K a r n r a .................................................... — 63 —
M a la y sia m  T in  ................................ 8* 83 83
M a w c h i.................................................... 200* 217* —
P a t in o ...................................................... 9 0 7 8 1 3 813
P a t t a n i .................................................... — 3 0 * •—
S an F in x  ( S p a i n ) ............................. 20* 16** —
S ia m e se  T in  ( S i a m ) ........................ 25 * 2 5 1 100
S o u th  C r o f t y ....................................... 4 9 511 54
T a v o y  T in  ( B u r m a ) ....................... 55 27 46
T o n g k a h  H a rb o u r ( S i a m ) ........... 40 40 54
T o y o  (J a p a n ) ....................................... 6 0 | 62 77 b
Z a a ip la a t s ..........................................

•  T in  an d  W o lfra m , t  T o n s  f in e  tin . 

C O P P E R , L E A D , A N D  Z IN C  O U T P U T S .

F e b . M a r c h .

B r ita n n ia  L ea d  . . .  

B ro k en  H ill  S o u th

/  T o n s  re fined  lead  
\  O z. re fin e d  s ilv e r  
/  T o n s  lea d  c o n c . . 
\  T o n s  z in c  co n c . . 

n  r  J T o n s  refined  lea d
B u r m a  C orporation  . . .  |  O z. refined  s ilv e r
E le c tr o ly t ic  Z i n c   T o n s  z i n c ..............
In d ia n  C o p p e r ..................  T o n s  co p p er
M e ss in a ..................................  T o n s  c o p p er
M o u n t Isa  
M ou n t L y e l l .

T o n s  lea d  b u llio n  
T o n s  c o n c e n tr a te s

N o r th  B ro k en  H i l l   {  c o n c - • •t  Ions zinc conc. . .

I 3 ,3 1 6  
2 0 8 ,5 5 0  i 
I 4 ,8 3 9  

4 ,9 1 4  
i 5 ,8 8 0  
1 49 0 ,0 0 0

3 5 0  1 
7 44  

3 ,4 5 8  
3 ,4 8 7

R h o d e s ia  B ro k en  H ill

R o a n  A n te lo p e ................

S a n  F ra n c isc o  M ex ico

T r e p c a ------

V ille m a g n e

I T o n s  V 2O 5 .............
I T o n s  V 2O 5 c o n c . . 

/ T o n s  c o n c e n tr a te s  
\  T o n s  b lis te r  co p p e r  
j T o n s  le a d  c o n c . .
1 T o n s  z in c  c o n c . .
I T o n s  le a d  c o n c . .
1 T o n s  z in c  co n c . .
/  T o n s  lea d  co n c . . 
\ T o n s  z in c  c o n c . .

Z in c  C o r p o r a tio n  ........... J £ o n s  lfra d  « » « •
v   I T o n s  z in c  c o n c . .

35
100

3 ,0 8 2

3 ,1 9 1
3 ,8 1 4

3 52
301

5 ,6 2 6
4 ,2 6 7

4 ,3 3 2
4 ,5 6 9
5 ,8 8 0

50 0 ,5 0 3

350
845

3 ,7 5 4
5 ,5 1 0
5 ,0 4 0

40
102

2 ,0 5 4

3 ,7 3 9
4 ,1 3 5
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IM PO R T S O F  O R E S , M E T A L S , E T C ., IN T O  U N I T E D  K IN G D O M .

J a n u a r y . F eb ru ary .

Iron O r e .............................................. 156 ,461 146 ,329
M anganese O re.......................  . . . 7 ,7 2 2 6 ,2 1 9
Iron and S t e e l .................................. 1 7 0 ,4 3 5 2 5 2 ,2 5 7
Copper and Iron  P y r ite s  . . . . . 2 0 ,6 0 6 3 4 ,0 2 9
Copper O re, M a tte , an d  P re c . . .T o n s  . . 6 ,1 0 5 3 ,6 2 4
Copper M e t a l .................................... 8 ,4 9 9 16 ,8 7 8
T in C oncentrate ............................... 5 ,241 3 ,7 0 9
Tin M e t a l ........................................... 9 0 0 979
Lead P ig and S h e e t ....................... 2 1 ,3 6 3 3 1 ,7 3 7
Zinc (Spelter) .................................... 1 0 ,0 2 5 17 ,1 0 3
Zinc S h e ets , e t c ................................... 8 00 3 ,0 1 0
A lum inium  ......................................... 6 4 3 2 ,3 5 5
M ercury................................................... . . L b .......... 1 1 9 ,1 7 3 1 5 8 ,0 1 8
Zinc O x i d e ........................................... 1 3 6 3 8 9
Zinc O r e ............. ................................... — 2 ,5 8 0
W hite L e a d ......................................... 9 ,4 3 0 1 9 ,8 9 9
B arytes, ground  ............................... . . C w t . . . . 2 3 ,8 4 2 6 3 ,1 7 9
A sb estos .............................................. 532 2 ,1 6 3
Boron M in e r a ls ............................... 1 ,2 6 2 745
Borax ..................................................... . . C w t . . . . 2 0 ,7 3 1 3 3 ,1 9 0
B asic S lag  ........................................... 2 ,7 0 0 5 10
S u p er p h o sp h a te s ............................... . .T o n s  . . 5 ,1 4 5 2 0 ,3 0 2
Phosphate o f L i m e .......................... 3 7 ,2 5 5 3 3 ,6 9 2
Mica ..................................................... 149 104
T ungsten  O r e s .................................. — 2 52
Sulphur .............................................. 8 ,2 8 4 1 5 ,2 3 1
N itrate o f S o d a ............................... 6 2 ,6 0 0 4 4 ,1 8 0
Potash S a lts  ....................................... . . C w t . . . . 9 7 ,7 2 3 2 9 7 ,0 9 7
Petroleum  : Crude ....................... 3 0 ,8 3 5 ,1 2 8 3 5 ,0 9 3 ,9 6 1

L am p  O i l ................ 2 6 ,2 1 5 ,9 6 0 2 0 ,8 1 8 ,1 8 1
M otor S p ir it  .......... 6 8 ,2 7 0 ,5 2 2 8 3 ,3 8 4 ,6 0 1
L u b rica tin g  O il . . .G a llo n s 4 ,0 6 2 ,4 9 8 1 1 ,6 7 0 ,9 4 0
G as O il ............... 1 2 ,1 9 1 ,9 0 5 4 ,7 3 7 ,2 3 6
F u el O i l ..................... 3 8 ,0 6 1 ,3 0 4 4 2 ,0 8 3 ,4 5 1

Asphalt and B itu m e n  ................ 9 ,3 6 8 1 0 ,3 7 7
Paraffin W ax  .................................... . .C w t___ 1 4 0 .9 9 9 1 7 4 ,8 7 6

O UTPUTS R E P O R T E D  B Y O IL -P R O D U C IN G  C O M P A N IE S .
I n T o n s .

J  a n u a r y . F e b r u a r y . M a rc h .

Anglo-Ecuadorian ........................ 1 8 ,0 3 8 1 4 ,5 5 5 1 6 ,0 5 7
Apex T rin id ad .................................... 4 4 ,3 1 0 4 3 ,8 7 0 4 3 ,3 1 0
Attock ................................................... 1 ,6 1 1 1 ,7 8 2 1 ,4 9 3
British B u r m a h ................................. 4 ,4 1 6 3 ,9 4 9 4 ,1 6 9
British C ontrolled  .......................... 3 9 ,9 7 0 3 7 ,2 0 4 44 ,2 3 1
Kern M ex .............................................. 9 8 4 927 1 ,1 0 9
Kern R iver (C al.) .......................... 2 ,4 3 6 2 ,1 9 5 2 ,5 2 9
Kern R om ana .................................. 5 6 4 2 8 2 174
Kern T rinidad .................................. 4 ,9 6 8 3 ,6 8 4 3 ,6 8 5
Lobitos ................................................ 2 5 ,3 2 7 2 1 ,7 0 1 2 3 ,4 0 6
Phcenix................................................... 4 6 ,8 8 4 4 4 ,5 7 2 58 ,501
St. H elen's P etro leu m  ................ 5 ,0 8 9 4 ,9 1 1 4 ,9 8 7
Steaua R o m a n a ............................... 8 5 ,7 1 1 8 0 ,3 9 4 —
Tam pico .............................................. 2 ,6 7 8 2 ,5 7 9 2 ,8 9 3
Tocuyo ................................................ 1 ,7 8 4 1 ,3 8 4 1 ,2 7 0
Trinidad L ea seh o ld s ..................... 2 1 ,3 0 0 2 5 ,7 0 0 27,05(1

Q U O T A T IO N S  O F  O IL  C O M P A N IE S ' S H A R E S .

D e n o m in a tio n  o f  S h a r es  £1  u n less  o th e r w ise  n o ted

A nglo-E cuadorian  ..................................
A n glo-E gyptian  B .....................................
A nglo-Persian  1st P r e f...........................

O rd ....................................
Apex T rin id ad  (5 s .) ...............................
A ttock  ...........................................................
B ritish B urm ah  (8 s .) ............................
British C ontrolled  (5 5 ) .....................
Burm ah O i l .................................................
Kern R iver  C al. ( 1 0 s . ) ..........................
L obitos, Peru ............................................
M exican E a g le , O rd . (4 p esos)

,< „  8%  P r e f. (4  p eso s)
Phcenix, R o u m a n ia n  ............................
R oyal D u tc h  (100  f l .)  ..........................
Shell T ra n sp o rt, O rd ...............................

5%  P re f. ( £ 1 0 ) . . .
Steaua R o m a n a  .......................................
T rinidad L e a s e h o ld s .............................
U nited B r itish  o f  T r in id a d  (6s. 8 d .)  
V.O.C. H o l d i n g .........................................

M ar. 10, 
1 9 3 2 .

A p r. 11, 
1 9 3 2 .

£  s. d. £ s . d .
6 6 6 0

1 5 6 1 2 6
1 5 0 1 4 9
1 17 6 1 15 0

10 6 9 9
12 6 11 3

4 0 3 9
1 6 1 0

2  3 9 2 1 9
2 0 1 6

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

17 10 0 13 0 0
2  3 0 1 10 3
9  15 (1 10 0 0

5 6 4 6
1 5 6 1 3 9

2 6 2 0
1 4 6 1 0 0

p er c w t.

p e r  to n

£ s .
19  

1 17 
5 9  0 

8  7 
6  15 

1
15 10 
27  10
16 0

2 5  10
4  10 

11 0
8  5 

1
8  15 

16 10
26  10

5  151

d.
9
3 
0 
6 
0 
0 
0 
0 
0 
0 
0

10
9
0
0
0
0
4 
0 
0 
0 n 
7 
6! 
0
u
0
51

19  
6 0 
2 0 

3 8  0  
2 8  10  
28  10  
37  10  

7 0  
11 10

P R I C E S  O F  C H E M I C A L S .  A p r il  9 .
T h e se  q u o ta t io n s  (so m e o f  w h ic h  a re  a ffec ted  b y  th e  d e v a lu a 

t io n  o f  th e  p o u n d  s te r lin g ) are n o t a b so lu te  : th e y  v a ry  a cc o rd in g  
to  q u a n t it ie s  requ ired  an d  c o n tr a c ts  ru n n in g .

A c e tic  A c id , 4 0 % .............................................
8 0 % ..............................................

,,  G l a c i a l ......................................
A lu m  ......................................................................
A lu m in iu m  S u lp h a te , 17 to  18%  ........................ ,,
A m m o n iu m , A n h y d r o u s ............................................  p er lb .

, ,  0 '8 8 0  so lu t io n  ..........................................  p er ton
, ,  C arb on ate  ................................................... , ,
, ,  N itr a te  ( B r it is h ) ........................................  ,,
, ,  P h o sp h a te , c o m m l.....................................  , ,
,, S u lp h a te , 20 '6%  N ...................................  , ,

A n tim o n y , T a rta r  E m e t ic , 4 3 /4 4 %    per lb .
, ,  S u lp h id e , g o ld e n  ....................................  , ,

A r sen ic , W h ite  ( f o r e ig n ) ............................................ p er ton
B a r iu m , C arbon ate (n a tiv e ) , 9 4 % ........................ , ,

, ,  C h loride ...........................................................  , ,
B a r y t e s ..................................................................................  , ,
B e n z o l, s ta n d a r d  m o to r  ............................................ per g a l.
B le a c h in g  P o w d er , 35%  C l........................................  p er ton
B o ra x  ..................................................................................  „
B o r ic  A c i d .....................................................................................
C alc iu m  C h loride , so lid , 7 0 /7 5 % ............................. ,,
C arbolic  A c id , crude 6 0 ’s  .........................................  per g a l.

, ,  , ,  c r y s ta lliz e d , 4 0 ° ................................  p er  lb .
C arbon D i s u lp l i i d e ......................................................... p er ton
C itr ic  A c i d ..........................................................................  p er lb .
C opper S u lp h a t e .............................................................. per ton
C reosote O il (f .o .b . in  B u lk ) ....................................  p er g a l.
C resy lic  A c id , 9 8 -1 0 0 %  ..................................................... .
H y d r o flu o r ic  A c id , 5 9 / 6 0 % ....................................... p er lb .
Io d in e  ..................................................................................  p er lb .
Iro n , N itr a te  80° T w ......................................................  per ton

, ,  S u lp h a te  .................................................
L ea d , A c e ta te , w h i t e ......................................

, ,  N itr a te  (to n  l o t s ) .................................
, ,  O x id e , L i t h a r g e ..................................
, ,  W h ite  ........................................................

L im e , A c e ta te , b row n  ..................................
„  g r e y , 80%  ..........................

M a g n esite , C a lc in e d .......................................
M agn esiu m  C hloride ....................................

, ,  S u lp h a te , c o m m l...................
M e th y la ted  S p ir it  In d u str ia l 61 O .P ....................... p er g a l.
N itr ic  A c id , 80° T w ........................................................  p er ton
O x a lic  A c i d .......................................................................  per c w t .
P h o sp h o r ic  A c id . (C one. I -7 5 0 ) ............................  p er lb .
P ine  O il .................................................................................. p er  c w t.
P o ta ss iu m  B ic h r o m a te  ..............................................  p er lb .

, ,  C arbon ate , 9 6 / 9 8 % ................................. p er ton
, ,  C h lorate ........................................................ , ,
, ,  C h loride 80%  ........................................... , ,
, ,  E th y l  X a n th a te  ......................... p er 100  k ilo s
,, H y d r a te  (C austic) 8 8 /9 0 % ...................  p er  ton
,.  N itr a te  ..........................................................  „
, ,  P e r m a n g a n a t e ...........................................  p er lb .
,,  P r u ss ia te , Y e llo w  ..................................  , ,

R e d ....................................... „
,, S u lp h a te , 9 0 % ........................................... p er ton

S o d iu m  A c e ta te  .............................................................. , ,
, ,  A r sen a te , 45%  ..............................................  , ,
, ,  B ic a r b o n a te  ..................................................... ,,
, ,  B ic h r o m a t e .......................................................  p er lb .
,,  C arbon ate (S od a A sh) 5 8 % ...................... per ton
, ,  „  (C rysta ls) ..................................  , ,
, ,  C h lo r a t e ...............................................................  , ,
, ,  C y a n id e  100%  N a C N  b a s i s ...................  per lb
,, E th y l  X a n th a te  .................................. per 100  k ilo s
, ,  H y d r a te , 76%  ...............................................  p er ton
, ,  H y p o su lp h ite , c o m m l..................................  , ,
, ,  N itr a te  (ord in ary) ........................................  , ,
, ,  P h o sp h a te , c o m m l..........................................  ,,
, ,  P ru ssia  te  ............................................................  p er  lb .
, ,  S i l i c a t e .................................................................  p er ton
, ,  , ,  ( l iq u id , 140° T w .)  .....................  , ,
, ,  S u lp h a te  ((T a u b er’s  S a lt) ......................... , ,
, ,  , ,  (S a lt-C ake) ..................................  , ,
, ,  S u lp h id e  C o n e ., 6 0 /6 5 % .............................. ,,
, ,  S u lp h ite , p u r e .................................................. p er c w t .

•S u lp hu r, F lo w er s ...........................................................  p er ton
R o ll ...................................................................  „

S u lp h u ric  A c id , 168° T w .............................................. , ,
, ,  , ,  free from  A r sen ic , 140° T w . . , ,

S u p er p h o sp h a te  o f  L im e (S .P .A . 16% ) ...........  , ,
T a rta r ic  A c id  ................................................................... p er lb .
T u r p e n tin e  ........................................................................ p er  ton
T in  C rysta ls  .....................................................................  p er lb .
T ita n o u s  C h loride ......................................................... , ,
Z inc C h loride ................................................................... per ton
Z in c D u s t , 9 0 / 9 2 % ......................................................... „
Z in c O x id e  (W h ite  S ea l) ............................................  „
Z inc S u lp h a te ......................................................................

2 5

12 10 
7 10  

40  0  
31 0

2
14  10  
21 10 
20 10 
10 10

6 0 
5  5 

2 8  10

7  4  
14 10

9  2  
9  0  

13 10

9  10
8 10
2 15
3 1 

10  15
14 

10 10 
10 0

5
3  0  
3  7 

1
6 0  10  

1
9  10  

20 0 
3 5  0
8 10

0
0
0
0
0
0
0
0
0
00
00
0

10
0
5 
0 
0 
0 
0 
0 
0 
8è 84 
0 
0 
0 
0 
0
4 
0 
0 
0 
8 
0 
0
6 
0 
0
5  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0

lO f
0
0
0
0



240 T H E  MINING MAGAZINE

SHARE QUOTATIONS
S h a r es  are £1 p ar v a lu e  e x c e p t w h er e  o th e r w ise  n o te d .

GOLD AN D S IL V E R :
S O U T H  A F R IC A :

B ra k p a n  ...........................................................
C ity  D e e p  ......................................................
C o n so lid a te d  M ain  R e e f .......................
C row n M in es ( l U s . ) ....................................
D a g g a fo n te in  ..............................................
D u rb a n  R o o d e p o o r t D e e p  ( 1 0 s . ) . . . .
E a s t  G ed u ld  .................................................
E a s t  R an d  P r o p r ie ta r y  ( 1 0 s . ) .............
G e d u ld ................................................................
G e ld h e n h u is  D e e p  ....................................
G ly n n ’s L y d e n b u rg  ..........................
G o v e r n m e n t G old  M in ing A reas (5s.
G r o o t v le i . .  ............................................
L a n g la a g te  E s ta te  ....................................
M eyer & C h arlton  ....................................
M o d d erfon tein  N e w  ( 1 0 s . ) ..................
M o d d erfo n te in  B  (5s.) ..........................
M o d d erfo n te in  D e e p  (5s.) ..................
M od d erfo n tein  E a s t ...............................
N ew  S ta te  A r ea s ....................................
N o u rse  ...........................................................
R a n d fo n te in  ..............................................
R o b in so n  D e e p  A  ( i s . )  .......................

„  B  (7s. 6 d . ) ................
R o se  D e e p ....................................................
S im m e r  & J a c k  (2s. 6 d .) ........................
S p r in g s ............................................................
S u b  N ig e l ( 1 0 s .) .......................................
V an  R y n  ......................................................
V an  R y n  D e e p  .........................................
V illa g e  D e ep  (9s. 6 d . ) ..........................
W e s t R and  C o n so lid a te d  (10s.) . . .
W est S p r in g s  ...........................................
W itw a tersr a n d  (K n ig h t’s ) ..................
W itw a tersr a n d  D e e p  .............................

R H O D E S IA  :
Cam  and M o to r .........................................
G a ik a  .................................................................
G lobe an d  P h oen ix  ( 5 s . ) ..........................
L o n e ly  R e ef .................................................
M a y fa ir  ...........................................................
R e zen d e  ...........................................................
S h a m v a  ...........................................................
S h erw o o d  S ta rr  ( 5 s . ) ..................................

G O L D  C O A ST  :
A sh a n t i  (4s.) .................................................
T a q u a h  an d  A b o sso  (5s.) ...................

A U S T R A L A S IA  :
G olden  H o rsesh o e  (4s.) W .A .................
G reat B o u ld er  P r o p r ie ty  (2s .), W .A . 
L a k e V iew  an d  S ta r  (4 s .) , W .A . . .  .
S o n s  o f  G w a lia , W .A ..................................
S o u th  K a lg u r li (1 0 s .) , W .A ....................
W a ih i (5 s .) , N .Z .............................................
W ilu n a  G o ld , W .A .......................................

I N D I A  :
B a la g h a t (1 0 s.) ............................................
C h am p ion  R e ef (10s.) .............................
M ysore (10s.) ..............................................
N u n d y d r o o g  (1 0 s .) .......................................
O oregum  (1 0 s .) ..............................................

A M E R IC A  :
C am p  B ird  (2s ), C o lorad o  ..................
E x p lo r a t io n  (lU s.) ....................................
F r o n tin o  an d  B o liv ia , C o lo m b ia  . .  . 
M exican  C orp oration , M ex ico  (10s.) 
M e x ico  M in es o f E l O ro , M ex ico  . . .
P a n a m a  C orporation  .......................
S t . J o h n  d e l R e y , B r a z i l .......................
S a n ta  G er tru d is , M e x ic o ....................... ..
S e lu k w e (2s. 6 d .) , B r it is h  C o lu m b ia

M IS C E L L A N E O U S  :
C h osen , K orea  ......................................... ..
L ena G íoldfields, R u s s i a .......................

C O P P E R :
B w a n a  M ’K u b w a  (5s.) R h o d e s ia . . . .
E sp e r a n z a  C o p p e r .....................................
In d ian  (2s.) ....................................................
L oangw a (5 s .) , R h o d e s i a .......................
L u ir i (5 s .) , R h o d e s ia  ...............................
M essin a  (5 s .) , T ra n sv a a l .......................
M ount L y e ll, T a s m a n ia ..........................
N a m a q u a  (£2 ), C ape P r o v in c e .............
R h o d e s ia - K a ta n g a .......................................
R»o T in to  (£5 ), S p a in  .............................
R oan  A n te lo p e  (5 s .) , R h o d e s ia
T a n g a n v ik a  C o n ...........................................
T h a r s is  (£ 2 ) , S p a i n ....................................

M ar. 10 , A p r i l  11 ,
1 9 3 2 . 1 932 .

£ . s . d . £  s. d .
3  1 3  9 3  6  3

5  6 5  3
1 2  0 1 0  6
5  5  0 4  17  0
2  15  0 2  12  6

1 0  3 17 9
2  1 8  9 2  14  0

13  9 12  6
4  0  0 3  17 0

10  3 1 0  0
5  0 5  0

1 1 3  0 1 1 2  0
1 2  6 1 2  6
1 5  6 1 9  0
1 2  6 1 5  0
2  7  6 2  3  9

1 0  6 9  6
17 0 1 7  0

1 13  9 1 11  6
2  7 6 2  8  9

1 5  9 1 4  9
1 G 6 1 4  9

15  0 15  6
9  3 9  0
6 . 6 6  0
3  6 3  4

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

10 9 1 0  6
1 0  9 19  6

2  6 2  6
11 9 11 3
12  3 11 9

8  6 7 0
5  3 5  6

1 8  9 1 8  9
3  6 3  6

1 4  6 14  3
16  3 16  3

4  6 4 6
1 6  3 1 5  0

1 0 1 0
13 9 1 3  9

1 4 9 1 6  3
5  0 4  6

3  6 3  6
2  3 2  9
9  9 9  7
6  3 6  9

1 6  0 15 6
1 5  6 1 5  6
1 4  0 17 0

1 6 S  9
8  3 8  6
7  n 8  3

1 9  0 17 6
2  6 3  0

6 3
1 6 1 6

16 3 16 9
3  6 3  6
1 6 2  0
7  6 5  0

1 8  0 18 6
6  0 4  9
1 9 1 9

3  9 3  0
6 6

2  9 2  6
13 9 13  9

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

1 6  0 1 5  6
3  6 3  0

11 3 10 0
17 17  6 12 19  0

7  9 5 9
1 2  0 1 5  6
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T H E  GEOLOGY OF T H E  CO PPER BELT, N O R T H E R N  RH O DESIA
The following ex trac ts  a re  tak en  from  

“ Mineralische B odenschätze im südlichen A frika,” 
by Professor H. Schneiderhöhn, in  which work 1 th e  
results of th e  a u th o r’s observations m ade during 
the XV In terna tiona l Geological Congress are set 
out. After dealing w ith  th e  Union, South-W est 
Africa, and Southern Rhodesia, th e  au th o r passes 
on to the  geology of N orthern  Rhodesia. Considering 
the principal geological features th e  au th o r says 
th a t on a rapid  superficial survey th e  geological 
formation in th e  no rthern  p a r t  of N orthern  Rhodesia 
does not differ essentially  from  th e  southern  p art, 
or from Southern Rhodesia. Reduced to  th e  m ost 
simple formula, i t  represents : F loating  blocks and 
remains of highly m etam orphosed basem ent s tra ta  
intersected w ith  old gran ite , b o th  constitu ting  
primary form ations ; over which lie discordantly , 
in individual stages of synclinal-denudation, an 
important series of less-m etam orphosed terrestria l 
sediments, called collectively th e  “ K atanga  form a
tion,” having m uch sim ilarity  stratigraphically , 
tectonically, and perhaps also petrographically , w ith 
the Lomagundi form ation of Southern Rhodesia, 
and the coeval T ransvaal-N am a form ation of South 
Africa and South-W est Africa. The lim bs of th is 
formation, which generally speaking are approx i
mately concordant, are divided in to  various 
“ series,” chiefly from th e  pétrographie po in t of 
view. According to  th e  view of th e  N orthern 
Rhodesian geologists, only a p a r t of th e  g ran ite  is 
said to  be older, th a t  is, to  belong to  th e  prim ary  
formation. A nother portion, which, it is true , cannot 
be superficially distinguished from  th e  first, is in 
their view younger th a n  th e  s tra ta  of th e  K atanga  
formation. An horizon fairly  low down a t  th e  base 
of the lowest series of th is  K atanga  form ation is 
the ore carrier ; it is exceedingly extensive, and  the  
mineralization w ith copper sulphides is rem arkably  
regular. These are th e  m ain general features.

These form ations a re  th en  briefly considered 
individually.

(1) P r i m a r y  F o r m a t i o n  (Basem ent S tra ta  and 
Old Granite).—The basem ent s tra ta  are here rootless 
blocks, w ith th e  pétrographie  versatility  usual in 
the more southern areas : Q uartzites, quartz-m ica 
schist, and m ica-schist co n stitu te  th e  m ain p a r t 
and these were once sedim ents ; in addition, there 
are areas w ith injected m ixed gneiss and augen-gneiss, 
and, as equivalent of archaic eruptives, chlorite- 
schist and hornblende-schist are present. Strongly 
metamorphosed, purely granular katarocks (K ata  
gestein) also a ppear in granitic, kyanite , and andalu- 
site-gneisses. There a re  also conglom erate-gneisses 
and banded ironstones. The m etam orphosed facies 
is not always alike, as has a lready  been pointed out. 
Thus, belonging to  th e  basem ent group are also the

1 " Mineralische B odenschätze im südlichen 
Afrika.” B y P r o f e s s o r  H. S c h n e i d e r h ö h n .  
Berlin : Nem-Verlag.

ra th e r  less m etam orphosed phyllites, schists, and 
dolom ites of th e  B roken H ill series.

T he basem ent s tra ta  ap p ear to  occupy, in  th e  
n o rth  of N orthern  Rhodesia, a larger area  th a n  
fu rth er south , b u t everywhere th e ir  rootlessness is 
a p p aren t—th ey  all float upon th e  granite. Sm all 
copper-ore veins and  in trusions of copper are 
num erous, particu larly  in  th e  higher Broken Hill 
series. They are in  p a rts  payable to  work, though  
only representing small deposits. U npayable q uartz  
veins w ith  py rites and a little  copper py rites are 
known in enorm ous num bers and  in te rsec t the  
s tra ta  everywhere. In  add ition  there  a re  num erous, 
b u t alw ays poor, gold-quartz veinlets, reaching 
down in to  th e  granite. Taken by them selves, all 
these deposits in th e  prim ary  form ation of northern  
N orth  Rhodesia are quite  un im portan t. The 
au th o r has, however, som ething to  say as to  th e  
exceedingly im p o rtan t p a r t which they  play, in his 
opinion, in th e  origin of th e  m ore recent copper ore 
deposits of th e  K atanga  form ation.

T he old granite  (“ M ’Kushi granite  ” ) is in th is 
field pa rtly  granular, p a rtly  gneissic. This is 
probably  due less to  difference of age th a n  to  th e  
fact th a t  th e  granular p a rts  correspond more w ith 
purer, inner m agm atic p a rts , whilst in th e  gneissic 
portions there  is an  injection and com plete im pregna
tion  and m elting of th e  basem ent s tra ta  w ith granite  
m agm a. Also th e  form er generally occur fu rther 
w ithin th e  granite  masses, whilst th e  la tte r  become 
m ore frequent tow ards th e  basem ent contacts.

(2) B w a n a  M ' K u b w a  o r  R o a n  S e r i e s . — The 
deepest s tra ta  of th e  K atanga  form ation, lying 
d iscordantly  upon th e  basem ent rocks and old 
g ran ite  of th e  p rim ary  form ation, are called by 
B ancroft th e  Bwana M’K ubw a series, by Gray, 
Sharpstone and  others, th e  R oan series. The facies 
is th e  same, wherever th is  series is encountered in 
N orthern  Rhodesia. The sequence of stra tification  
also agrees everywhere m ore or less, whilst th e  
thickness and petrographic com position individually 
m ay  differ considerably over short d is tan c es; 
phenom ena which w ith th is kind of facies are quite  
usual.

(a) The series begins w ith  a sequence varying 
greatly  in  thickness of felspathic sandstones, 
felspathic quartz ites, and  arkose, w ith  beds of 
rubble or conglom erate, and often  also w ith  tru e  
“ fanglom erate.” They are occasionally 20 m. th ick , 
bu t usually betw een 60 and 120 m. A basal con
glom erate over th e  granite  or the  basem ent s tra ta  
is missing, except in a few places. The sedim entary 
s tra ta  appear usually to  have been form ed ou t of 
th e  underlying prim ary  rock as eluvial unclassed 
de tritu s and  a t  1 to  2 m. bo th  gradually  w ork in to  
each other. The au th o r was able to  study  sim ilar 
sections in com plete boring cores, chiefly from th e  
N ’Changa trough. A t th e  R oan A ntelope good 
indications can  also be seen a t  dep th  down to  th e  
gneiss. H igher up th e  rocks become m ore uniform ,
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b u t still rem ain  very  coarse and  com paratively  little  
classed. T hroughout th e  whole series th ere  are 
alw ays m any  fresh felspars in them . Cross stra tifica
tio n  often occurs and  th ere  a re  frequently  little  fossil 
blebs of clastically-enriched iron ores in  th e  bands. 
H ere an d  th ere  beds of rubble or m ore su b stan tia l 
conglom erate layers have been form ed an d  well- 
rounded rubble of th e  underly ing  rocks also occurs. 
I n  general, however, stra tifica tion  and  bedding is 
n o t pronounced. H igher up, tow ards th e  ore bearing  
s tra tu m , one finds alm ost everywhere a  con
glom erate band, which has been called th e  “ foot- 
wall conglom erate.”

(fc) V arious signs ind ica te  th a t  th e  n ex t sequence, 
th e  copper horizon, is sharp ly  separa ted  from  th e  
foot-wall. S tra tifica tion  often in  th in  p la tes or th in  
s la te  is strongly  pronounced, an d  th e  rock is 
frequently  m uch m ore uniform , th e  g ranulation  
considerably less, and  th e  various p a r ts  well 
classified. M ineralogically th e  felspar co n ten t 
decreases greatly , w hilst th e  m ica con ten t increases ; 
carbonates, m ostly  dolom ite, occur e ither enriched 
in  th e  layer or in jected . The whole horizon is 
6-36 m. th ick  and  usually  im pregnated  over th e  
whole th ickness w ith  copper sulphides and  copper- 
iron  sulphides. I t  is tru e  th a t  usually  only a portion  
of th e  s tra ta  con tain  m ore th a n  2%  copper and  th is  
is considered as payable. More detailed particu lars 
regarding th e  ore horizon are given in th e  book under 
th e  various m ining areas.

(c) T he s tra ta  above a t  first still resem ble th e  ore 
rocks greatly . These are felspar- and  m ica-bearing 
sandstones and  qu artz ite s w ith  occasional layers of 
shale in betw een, often  a green b and  of shale 
co nstitu tes for a long tim e th e  guiding horizon and 
lies 45 to  60 m. above th e  ore s tra ta , In  th e  lower 
p a rts  of some of th e  ore areas m ineralized s tra ta  
also occur. T he th ickness of th is  po rtion  is a t  least 
60 m ., often considerably m ore, up to  250 m. Locally 
th e  upperm ost layers have  developed as coarse 
arkose sandstones and  felspathic quartzites.

(cL) F u rth e r up  comes a sequence of s tra ta  
of dolom itic shales, usually  very  th ick , w ith  in te r
vening beds and  lenses of pure  dolom ite. This 
sequence m ay  go to  360 m. thickness, decreasing 
locally  down to  60 m.

(ie) In  th e  upper p a r t  these  beds are  transform ed 
in to  m assive dolom ites w ith  a few in te rpo lated  
bands of shale. T hey  are  100 m. th ic k  on a n  average, 
b u t m ay  be as little  as 60 m. or as m uch as 150 m.

(3) Ch r ist m a s  Se r ie s .— Concordantly  upon th e  
last-nam ed dolom ites lies a  th ick  sequence of 
shales and  quartz ites. I t  s ta r ts  in  places w ith  a 
conglom erate of rubble  from  th e  foot-wall R oan 
rocks and  was, for th a t  reason, considered 
separately  as a  series by  itself. I t  belongs, however, 
considered stra tig raph ically  and  w ith  regard to  its 
facies, en tirely  to  th e  older R oan  series. The 
q u artz ite s usually  only form  indiv idual s tra ta —  
shale predom inates. In  th e  q u a rtz ite  s tra ta  fair 
q u an tities of in terspersed py rite  a re  found here and  
th ere  w ith  som etim es a low copper con ten t. The 
q u artz ites are called in th e  lite ra tu re  on th e  subject 
"  oolitic,” b u t th is  is n o t correct. T hey  a re  only 
rounded clastic q u a rtz  grains surrounded concentric
ally  w ith  a  q u artz  cem ent.

(4) K u n d e l u n g u  (Ta n g a n y ik a  or Mu t o n d o ) 
Se r ie s .— Above th e  C hristm as series comes a series 
several kilom etres th ick , th e  concordance of w hich 
w ith  th e  C hristm as series is n o t certain . G ray 
affirms it. B ancroft denies i t—no d o ub t on account 
of coarse conglom erates in th e  lowest p a r t  of th e

stra tifica tion . H ere shale a lte rn a tes  w ith  sandstone 
and  conglom erates in  150 m. th ickness. The con
glom erates, p a rticu la rly  th e  lowest, show jagged 
rubble, som etim es scratched . The rock is wholly 
unclassed, qu ite  big boulders an d  finely granulated 
sand  lie side by side. In  form er tim es these rocks 
were considered by various explorers as fluvio- 
glacial deposits, an d  th is  view  is still held by some 
today , b u t since E. K aiser (Munich) has pointed 
out th e  phenom ena of te rre stria l d e tr ita l deposits 
a rising under conditions corresponding with our 
p resen t-day  arid  clim ate, i t  is no longer possible to 
consider such unclassed sedim ents and  scratched 
rubble  m erely as survivals of form er glacial periods. 
D e trita l m asses from  m ain land  m ay show quite a 
sim ilar appearance. Seeing th a t  in all these areas 
th e  abraded  u n d e rp art w ith  its  characteristic  forms 
is m issing— which alone could be considered satis
factory  proof of glacial conditions— it appears much 
m ore reasonable to  look upon these  sediments as 
te rre stria l d e tr ita l sedim ents or “  fanglom erates,” 
seeing th a t  th e y  fall qu ite  easily in to  place with the 
facies of th e  whole K atan g a  form ation . Following 
upon these  deposits are finely g ranu la ted  and thick 
clayey dolom ites and  dolom itic shale, reddish and 
brown shale, blue-gray  and  red sandstone, over
1,000 m. th ick  (“  purp le  sandstone ” ).

(5) M e t a m o r p h ic  Co n d it io n  o f  t h e  R ocks o f  
t h e  K ata n g a  F o r m a t io n .— W hile th e  basement 
s tra ta  a re  h ighly m etam orphic, belonging to  the 
katazones or a t  least th e  m esozones, th e  meta
m orphism  of th e  rocks of th e  K a tan g a  formation 
is considerably  lower. E ven  w ith  th e  naked eye 
one can  a lm ost alw ays recognize th e  p rim ary  sedi
m en ta ry  characteris tic  of th e  rock. In  th e  tw o lower 
series, however, a m etam orphic  transfo rm ation  both 
m ineralogically  and  also in  respec t of structure 
and  tex tu re  can  c learly  be  recognized. This is 
pa rticu la rly  no ticab le  in th e  m ore strongly disturbed 
folds a t  th e  bends. In  general th e  metamorphic 
condition  answ ers to  th e  epizone, sometimes, 
especially a t  th e  m ore strong ly  d istu rbed  parts, it 
approaches th e  mesozone.

(6) Y o u n g e r  I g n e o u s  R ocks in  t h e  K atanga 
F o r m a tio n .— Geologists of N o rthern  Rhodesia 
a ssert th a t  p a r t  of th e  gran ite  in  th e  territory  is 
m ore recen t th a n  th e  B w ana M ’K ubw a series. This 
a lread y  appeared  d o u b tfu l to  th e  a u th o r a t the 
ou tse t of th e  Congress excursion, and  on the 
occasion of his second v isit he pa id  special attention 
to  th e  po in t. H e th an k s  th e  au tho ritie s in charge 
for th e  o p p o rtu n ity  of seeing nearly  all th e  places 
w hich were supposed to  “ p rove ” recent granite. 
A fter exhaustive  exam ination , how ever, th e  author 
concludes th a t  n o t one of these  proofs could be 
m ain tained . So-called co n tac t zones tu rn ed  out to 
be recen t g round-w ater ferrifications on the 
boundary  of th e  old gran ite  an d  th e  overlying 
d e tr ita l arkose. Or again , large m asses of granite 
po rp h y ry  w hich  h ad  p en e tra te d  th e  Bwana 
M ’K ubw a s tra ta  were found to  be augen-gneiss 
belonging to  th e  basem en t s tra ta , which rose, 
dom e-like, from  th e  floor a t  th e  tim e  of the  deposit 
of th e  B w ana M ’K ubw a arkose. In  fact 
sim ilar a lte ra tio n s of th e  floor level a re  frequently 
observed an d  w hen th e  floor happened to  be 
gran ite  these  p laces were considered to  be 
indications of an  in tru s io n  of th e  younger granite 
in to  th e  B w ana M ’K ubw a rocks. The author 
considers, however, th a t  now here does one find true 
veins or apophyses, so th a t  a fte r  all he had  seen he 
concluded th a t  one h as to  do here only with an
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irregular relief of th e  floor and  not w ith  recent 
granite. Moreover, he could find no difference, 
mineralogically or m icroscopically, betw een th e  old 
granites and those which were presented  to  him  as 
recent ones.

In conclusion, th e  las t proof of th e  presence of a 
younger in trusion is supposed to  be furnished by 
numerous cross-veinlets in th e  B wana M ’Kubwa 
strata, particu larly  in th e  ore s tra ta , which were 
considered to  be pegm atite  and  aplite  veins. After 
studying th e  ground a t  dep th  thoroughly , and 
thousands of m etres of boring cores, he arrived  a t  
the conclusion th a t  these a re  not in trusive veins. 
The further exam ination  of his num erous collections 
a t home and under th e  microscope have brought to  
him the certain ty  th a t  these  little  veins are lateral 
and secretionary fillings from fissures which occurred 
at the tim e of th e  deform ation under m eta- 
morphic conditions of pressure and  tem perature. 
They m ay be com pared w ith  th e  Alpine mineralized 
clefts, and th e  character of th e  m inerals found in 
them is frequently  very  sim ilar to  those in those 
clefts. For these reasons, he is n o t in a position to  
recognize any sign of a younger gran ite  in N orthern  
Rhodesia, a t  all events w ithin th e  range of the  
copper deposits.

On the  other hand  there  does occur in one of the  
synclinal areas a tru e  younger in trusive mass 
among the  Bwana M 'K ubw a rocks, and apparen tly  
concordantly, as veins. This is a basic rock approxi
mately of th e  com position of a gabbro or dolerite. 
It is quite fresh and  undeform ed, and  is possibly 
equivalent to  th e  K arroo diabases of South Africa.

(7) T e c t o n i c s . — W ithin  th e  range of the  
Northern R hodesian copper area  th e  K atanga 
rocks are only preserved in individual folded troughs 
which lie upon th e  rocks of th e  p rim ary  form ation, 
the basement s tra ta  and th e  old granite. There are 
in the present m ain copper area, th e  N ’K ana con
cession, four such trough areas. The dep th  of the  
fold is not very  great. The folds are  m ostly  non- 
symmetrical, and  “ dragfolds ” often occur also, b u t 
generally th e  in tensity  of th e  dislocation is no t great. 
The synclinal strike is not uniform. In  general it is 
S.E.-N.W., bu t there  are im p o rtan t deviations of 
direction. The curves a re  usually  very sharp, whilst 
the flanks m ay stre tch  long distances in a uniform 
way. Particu larly  conspicuous is th e  im p ortan t 
increase of m etam orphosis in these curves. The 
rocks are more crystalline and  considerably more 
folded and d isturbed in them selves, transverse  
schist with num erous sm all slip's is form ed, and th e  
secretion veinlets m entioned above become m uch 
more numerous. O verthrusts occur in these 
synclines, bu t so far as is known, th ey  p lay  no 
important p a rt in  N orthern  Rhodesia. The ex ten t 
to which the  s tra ta  are displaced is quite  small and 
no disturbance of th e  w ork of m ining exploitation 
has so far been caused.

(8 )  O r i g i n  o f  t h e  N o r t h e r n  R h o d e s i a n  
C o p p e r  D e p o s i t s . — From  th e  sequences of th e  
strata in the  various deposits and  th e  position of the  
ore horizon, it can  be seen a t  once th a t  in th e  whole 
vast territo ry  of 100,000 sq. km ., th e  stratigraphie, 
facial, and pétrographie conditions of th e  Bwana 
K ’Mubwa form ation, bo th  generally and  w ith regard 
to the ore horizon in p a rticu lar, a re  as uniform  as 
one can reasonably expect in beds of th is character. 
The various facies of th e  B w ana M’Kubwa 
formation appear clearly  enough from th e  preceding 
descriptions. I t  m ay  be said w ith certa in ty  th a t  one 
has to  do w ith rubble and  eroded m asses (“ fan- 
glomerates ” ) and  m ore or less classed m ainland

sedim ents, w hether accom panied w ith chem ical 
separations or not, of a kind such as m ay be found 
and be seen form ing to -day  in th e  interiors of large 
basins w ithout ou tle t and  on flat plains in  arid  
clim ates. The basem ent (the old granite  and base
m ent stra ta ) was first of all, during lengthy periods, 
eroded in thicknesses to  be m easured by kilom etres. 
Then m asses of rubble began to  fill in th e  slowly 
sinking depression. The au th o r was enabled in 
several boring cores, very  p lainly a t  N ’Changa for 
instance, to  follow th e  com plete transition  of the  
gran ite  in to  th e  lowest B wana M ’Kubw a s tra ta  ; 
first as unclassed granite  rubble (true fanglom erate), 
th en  arkose, and  only higher up  as well-classed 
felspathic quartz ites (prepared fanglom erate). Cross 
stratification , in tercalations of beds of rubble or 
single boulders, horizons of blebs containing heavy 
iron-ores (" fossilized blebs ” ) occur very frequently. 
A really-m erging basic conglom erate is thus often, 
though no t always, missing, b u t even when present 
i t  is m ostly  of th e  na tu re  of fanglom erate. The 
lowest sequence of s tra ta  th u s has everywhere 
th e  plain  appearance of eluvial, incom pletely 
transported , and, therefore, little  altered, detritus. 
True coarser conglom erates only begin fu rther up, 
som etim es qu ite  th ick  and  very coarse, th e  com 
ponent p a rts  changing and  no longer so purely 
au tochthonous as in th e  basic s tra ta . A t th e  same 
tim e there  appear suddenly, a lte rna ting  w ith the 
coarse conglom erates, very finely granulated  q u a rtz 
ites, sandstones, and  well-banded quartz-shale. 
All th e  rocks become suddenly well-classed, w ith 
very  uniform  medium -to-fine granules. Here 
and there  an  im pregnation of dolom ite is found. 
On th is  spo t and  in  th is  facies lies th e  ore horizon. 
Sometimes th e  sequence repeats itself. Upon 
“ ore-less ” or “ ore-poor,” irregular, little-changed, 
coarsely-granulated s tra ta  follows a second, or even 
a th ird , ore-horizon, bu t alw ays only in m edium  
or finely granulated  quartz-shales or micaceous 
quartz ites w ith  uniform  granulation  and good 
stratification, w ith or w ithout dolom ite im pregna
tion. Higher up  th e  rocks generally get m ore finely 
g ranulated  and  contain m uch m ore mica, the  
dolom ite con ten t increases, m assive im pure dolomite 
beds or lenses a re  to  be found w ith here and there 
a  felspathic quartz ite , un til a t  las t in the  upperm ost 
portion  there  is an  unchanging a lternation  between 
shale and  m icaceous sandstone w ith  m ore or less 
dolomite.

N orthern  Rhodesian geologists believe th a t  the  
m etallic contents im m igrated  from hydrotherm al 
solutions, which became free upon the  congealm ent 
of a  younger granite. The m ore th e  au th o r studied 
conditions on th e  spot th e  less able he found himself 
able to  subscribe to  th is  view. The pros and cons 
were debated  in long discussions w ith th e  N orthern 
Rhodesian experts ; every possibility was afforded 
him  in a m ost liberal m anner to  v isit places, even 
a t  g reat distance, which th ey  considered proved 
th e ir theory. A thorough study  in th e  microscope 
of th e  extensive m ateria l collected has finally 
convinced him th a t  his original view' was correct. It 
has a lready been pointed  ou t th a t  one of th e  chief 
reasons alleged for an  epigenetic-hydrotherm al 
m ineralization, nam ely, th e  young granite, is 
no t tenable on th e  streng th  of developm ents hitherto . 
All N orthern  Rhodesian explorers also adm it 
th a t  th e  entire  n a tu re  of th e  occurrence, th e  
constancy of level, a lm ost com plete and in m any 
cases literally  so, and th e  uniform  stratification  over 
hundreds of kilom etres, constitu te  a strong proof 
of a coeval sedim entary origin of th e  ore content.
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T hey  even lay  stress upon  th e  g reat difficulties 
which arise w hen th ey  t ry  to  follow th e  reasons 
of th e  m ineralization  of ju s t these  s tra ta  in any  
section. W ith in  a  lim ited  area  plausib le reasons 
m ay  be adduced a t  a  pinch. The com parison 
of various areas shows th a t,  for instance, porosity , 
dolom ite con ten t, co n ten t of clayey ea rth  and  
m inerals, size, form , binding an d  arrangem en t 
of th e  g ranulation , etc ., v a ry  b u t little  in  th e  ore 
s tra ta  in  general, b u t th a t  th e  ore s tra tu m  to  th e  
hanging or foot-w all varies com pletely  in  th e  
different areas in  regard  to  every one of these 
factors. Thus, one ore s tra tu m  m ay  be re la tively  
th e  m ost porous, elsewhere th e  ore s tra tu m  will 
be th e  least porous ; som etim es i t  has th e  m ost, 
elsewhere th e  least dolom ite or m ica, som etim es 
th e  granules a re  sm aller, a t  o ther tim es larger 
th a n  those of th e  hanging- or foot-wall, etc. Thus, 
th e  com prehensive, all-em bracing, views upon th e  
origin of such uniform  enorm ously extended deposits 
fail com pletely when one has to  explain w hy more 
recen t ore-solutions should have  m ineralized only 
th e  p resen t ore horizons.

W h at also, in  th e  a u th o r’s opinion, speaks 
decisively against a h y d ro therm al origin is th e  
m etallic association, or ra th e r th e  absence of any. 
The deposits a re  pure  copper deposits ! Iron  
sulphides a re  a lm ost en tirely  absen t, p y rite  is 
of th e  g rea tes t ra rity . A silver con ten t is e ither 
en tirely  ab sen t or insignificant, gold is a ltogether 
absen t, also lead and  zinc. Quite dispersed one 
finds occasionally a m eta l which in hydro therm al 
deposits is alw ays found in qu ite  ano ther association, 
b u t never w ith  copper alone, th a t  is—cobalt. 
Nickel is missing. In  extensive hydro therm al 
deposits such an  association of m etals does no t 
occur.

A. M. B atem an, who visited  th e  N orthern  
R hodesian deposits before th e  Congress, an d  who 
has published a com prehensive description of them , 
was th e  first to  give a close description of th e  
microscopic an d  m ineralogical conditions of th e  
ores. A fter exam ining his sam ples th e  a u th o r can 
thoroughly agree w ith  th e  conclusions of B atem an. 
The m ost frequent ores a re  bornite  and  chalcocite, 
approx im ate ly  in  equal q u an tity . Som ewhat 
behind comes copper pyrites. Chalcocite is usually 
plain ly  param orphic, th a t  is to  say, i t  w as form ed 
over 91°. Chalcocite and  bornite  usually  appear as 
intergrow ths, which points to  an  origin under high 
tem peratu res. D issociations a re  frequent and  
extensive. The a u th o r considers th e  fact, m entioned 
by B atem an  b u t n o t stressed by him , th a t  th e  
sulphides m ostly  lie w ith their own crysta l surfaces 
in th e  neighbourhood, a fact which is qu ite  unusual 
w ith m inerals so un ready  to  crystallize as bornite  
and  copper pyrites, exceedingly striking. B atem an  
concludes, qu ite  rightly , from  th e  m icroscopic 
paragenetic  p ictu re, th a t  th e  p resen t m ineral 
co n ten t arose under high tem pera tu res , b u t th e  
a u th o r cannot follow him  when he affirms th a t  the  
p ic tu re  of th e  ore s tra ta  as p resen t to -d ay  arose 
from  th e  epigenetic im pregnation  of th e  rocks 
w ith  ho t, m agm atic-hydro therm al, solutions, and  
th a t  these  p recip ita ted  th e  copper sulphides 
so th a t  th e  non-m etallic m inerals of th e  co u n try  
rock were considerably ex truded  by th e  sulphides. 
In  order to  understand  th e  p resen t p ic tu re  of th e  
ore stra tifica tion  i t  is necessary to  consider th e  rocks 
of th e  B w ana M ’K ubw a series pe trographically  
as a  whole. T hey  all have th e  ch aracte r of w eakly 
m etam orphically -a ltered  rocks, and  th ey  are all

“  epi-rocks "  according to  th e  definition of 
G rubenm ann. To th is  m etam orphically-altered 
m ineral m ass belong also th e  sulphides. They 
were th ere  when th e  rock was transform ed and 
were them selves strongly  a lte red  in character as 
to  c rystallization  and  m ineralization, seeing that 
sulphides reac t m uch m ore read ily  th a n  silicates. 
This a lte ra tio n  took  place under high temperatures, 
and  thence cam e th e  m ineralization, intergrowth, 
and  dissociation in th e  ores, including the  very 
frequen t c rysta l form s of th e  sulphides, all of which 
unanim ously p o in t to  high tem pera tu res . These 
a re  n o t extrusions in th e  usual sense, bu t new 
“ idioblastic ” grow ths form ed during th e  meta
morphosis. A t th e  tim e of th is  metamorphosis, 
which no d o ub t occurred h and  in hand w ith stronger 
pressure and  consequently  increased temperature, 
sm all fissures were to rn . The solutions circulating 
under pressure in th e  rock, charged w ith  minerals 
from  th e  cou n try  rock, diffused quickly into the 
fissures and, as th e  pressure decreased, th e  matter 
in solution crystallized and  th u s  arose those finger- 
long secretion-fissures filled w ith  quartz , adularia, 
calcite, and  sulphides, which have  h itherto  been 
tak en  by th e  explorers th ere  for “ pegm atite" 
veins. T hey ap p ear entirely  sim ilar to  the  corres
ponding alp ine secretionary  clefts ; th e  water-clear 
beau tifu l rock-crystals, th e  flat c rysta l forms of the 
adu laria  are exactly  th e  sam e, only in the Alps 
copper sulphides are a lm ost entirely  absent, 
n o t being contained in  th e  co u n try  rock there, 
■whereas here th ey  do occur in th e  country  rock. 
C haracteristically , th e  secretionary  clefts in the 
hanging- and  foot-walls of th e  ore-horizon are 
alw ays oreless and  th ey  only con ta in  sulphides 
when th ey  form  in  th e  ore-horizon itself. In  other 
respects no g reat sh ifting  of th e  m etals has taken 
place a t  th e  m etam orphosis, th e  sulphides still 
lying generally in th e ir  original place.

The co u n try  rocks them selves and  the  other 
rocks of th e  B w ana M ’K ubw a series have a similar 
m etam orphic character. O ccasionally th e  meta
m orphosis is very  m uch  stronger, for instance, 
locally in N ’Changa or M uliashi, b u t this can 
a lw ays be explained by a m ore in tensive movement 
of th e  rocks, w ith  considerably increased “ small- 
folding ” and  deform ation. M oreover th e  character 
of these  rocks differs from  th a t  usual in the  case 
of a co n tac t m etam orphosis, which Bateman 
considers it to  do.

T he presence of tourm aline, very  sparse and 
well aw ay from  th e  ore horizon, has no connexion 
w ith  th e  ore m ineralization. I t  is clastic tourmaline 
of th e  sedim ents, m etam orphically  changed 
m inerally, som etim es m erely detached  tourmaline 
granules.

T he original n a tu re  of th e  ore m ineral before 
th e  m etam orphosis and  th e  m anner of its formation 
a re  th en  considered. The a u th o r considers it to 
be syngenetic-sedim entary. E ven  to -day  very 
num erous sm all deposits ou tcrop in th e  native rock 
in N orthern  Rhodesia. These a re  m ostly  gold- 
bearing copper-iron-sulphide deposits of para
genetic n a tu re  peculiar to  th e  lower roots of 
h y d ro therm al ore lodes a lread y  in  th e  granite 
itself, th e  so-called "  em batho litic  "  type. The 
higher portions of these  lodes, now eroded, t h e “ epi ” 
and  “ acrobatho litic  ” types, a re  generally much 
richer, particu la rly  in copper. T he archaic  granite 
of Southern  and  N orthern  R hodesia m ust have 
produced an  im m ensely rich  copper ore. When, 
a fte r th e  soil had  been carried  aw ay, a new sedimen
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tation of th e  eroded de tritu s  and  its concentrated  
products began, th e  eroded fragm ents of th e  ore 
lodes were in  th e  d e tritu s  and  th e  leached-out 
metallic solutions c irculated in th e  ground w ater 
of the undrained depressions in which th e  Bwana 
M’Kubwa rocks deposited them selves. Thus, 
during the  sedim entation of th e  whole of th e  s tra ta , 
the m etals would be precip ita ted  as sulphides in 
a particular s tra tu m  where th e  conditions were 
favourable. This need n o t have been a syngenesis 
in the literal sense of th e  word, th e  p recip itation  
may have tak en  place qu ite  gradually  w ith in  th e  
sedimentary cycle of th e  B wana M 'K ubw a rocks. 
Either th is took place coevally w ith  th e  depositing 
of the country  rock of th e  ore, or soon afterw ards, 
or possibly very m uch later, seeing th a t  hundreds 
of m etres of sedim ent overlay it. Or, w hat 
is perhaps m ore probable, isolated sulphides 
within th e  presen t-day  ore-horizon, which m ay 
in part have got in elastically , operated  as em bryos 
and during long periods th rough  th e  reducing 
action of these  constantly-grow ing sulphides from  
the ground w ater, th e  m etals were precip ita ted  
and concentrated to  a sm all thickness. In  any 
case according to  th is  explanation  th e  im m ediate 
metallic con ten t of th e  ore horizon originates from 
the ground w aters of th e  coevally - formed 
sedimentary series ; th e  ground w aters got their 
metallic con ten t from  th e  ore deposits of the

sub-stra tum , which h ad  been carried off from  the 
surrounding rocks ; th e  precip ita tion  took place 
in th e  geological epoch of th e  B wana M 'K ubwa 
form ation. T h a t is th e  ty p e  of sedim entary  con
cen tration  deposits in terrestria l arid  de trita l rocks.

The au th o r does n o t pursue th e  question of the  
form ative processes in fu rth er detail, as i t  is his 
in ten tion  to  do th is  in a special trea tise  in which 
th e  petrographic-m icroscopic tex tu re  of th e  whole 
rock series, th e  structure , and  particu larly  th e  ore 
content, will be exhaustively dealt w ith. He 
sim ply po in ts o u t th a t  th e  peculiar, one-sided 
m etal con ten t is a t  once explainable by  these 
form ative processes. F u rther, he shares th e  view 
of m any  o ther authors, B atem an, for instance, 
th a t  th e  sulphidic p a rts  of th e  copper deposits of 
K atanga belong to  th e  sam e stratigraphic-facial 
position and  have th e  sam e origin. In  conclusion, 
th e  au th o r po in ts ou t th a t  W. L indgren more th an  
10 years ago, w ith th e  help of th e  m eagre literatu re  
th en  known, considered th e  K atanga deposits from 
th e  sam e po in t of view as is explained above and  
num bered them  am ong his genetic group " Deposits 
formed by concentration  of substances contained 
in  th e  surrounding rocks by  m eans of circulating 
w aters.” In  th e  la te s t edition of his m anual, 
L indgren believes th a t  th e  N orthern  Rhodesian 
copper deposits adjoining in th e  south also have the  
sam e origin.

MAGNETIC SUR V EY S OVER DYKES
The Canadian M in ing  and Metallurgical Bulletin  

for March contains an  article  by  A. S. Eve and 
D. A. Keys in  which results are given of some 
magnetic surveys over m ineral, diabase, and artificial 
dykes. The au th o rs p o in t ou t th a t  th e  detection 
of magnetic dykes by using m agnetic  variom eters is 
the oldest application of geophysics to  mining, and 
is also one of th e  m ore sim ple and certain  m ethods 
of locating such deposits. As a result of recent 
improvements in th e  instrum ents, it  is now possible 
to find th e  dyke, determ ine w ith  m agnetic vario
meters its strike  and  dip w ith fair accuracy, and 
to estimate th e  approx im ate  dep th  of overburden 
when there is no outcrop. The application  of 
electrical m ethods m ay be used to  distinguish 
mineral from diabase dykes.

The authors have had  an  opportun ity  of m aking 
surveys w ith th e  m odern Askania typ es of vertical 
and horizontal variom eters over m agnetic dykes 
in the Sudbury region of O ntario. The in te r
pretation of th e  results has been confirmed by 
diamond drilling in some cases, and by experim ents 
over models. The variom eters used were th e  
standard form of Askania instrum ents. The 
sensitivity of th e  horizontal ty p e  was 17-2 gam m as 
per division, and  th a t  of th e  vertical variom eter 
double th is quan tity .

To make a prelim inary  survey of th e  d istrict, 
parallel lines were laid off 200 ft. a p a rt running 
north and south and  readings were tak en  with the  
vertical variom eter every 100 ft. along these lines. 
This can be done very  rapidly  and  when an  indica
tion of a m agnetic deposit is found, th e  readings 
may be tak en  every hundred feet, or less if the  
size of the  deposit w arran ts sm aller intervals. If 
the deposit is a vein or dyke, th e  readings along 
the adjacent lines im m ediately indicate th e  strike 
of the body. Thus th e  presence and strike of a 
magnetic dyke, w hether of m ineral value, like

th e  p y rrho tite  and  nickel deposits of th e  Sudbury 
district, or sim ply a worthless diabase dyke, is 
sim ply and rap id ly  found.

The nex t problem  is to  determ ine th e  approxim ate 
dip of th e  vein. This is done by m aking a careful 
survey w ith  b o th  th e  vertical and  horizontal 
variom eters along a line crossing th e  dyke p e r
pendicularly to  th e  strike. For th is  purpose 
readings are m ade first of th e  vertical and th en  of 
th e  horizontal variations in m agnetic intensities 
a t  each point, using th e  one tripod , on which 
each instrum en t is placed in tu rn . From  these 
readings, th e  norm al values of th e  vertical and 
horizontal intensities in th e  region undisturbed 
by th e  presence of m agnetic ore are respectively 
sub tracted . Thus th e  resulting figures, when 
p lo tted , give th e  vertical and horizontal anomalies 
due to  th e  presence of th e  m agnetic dyke. For

F i g . 1 .— N . - S .  M a g n e t i c  S u r v e y  a c r o s s  a n  E . - W .  
P Y R R H O T IT E -N IC K E L  D Y K E . F U L L  L I N E  S H O W 
IN G  V E R T IC A L  V A R IA T IO N S .
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S T A T IO N

F i g . 2 . — N . - S .  M a g n e t i c  S u r v e y  a c r o s s  a n  E . - W .
D I A B A S E  D Y K E .

com parative purposes, i t  is preferable to  reduce 
th e  readings of th e  horizontal anom alies to  th e  
sam e scale of sensitiv ity  as th a t  of th e  vertical 
variom eter (by dividing by tw o  in th e  case of our 
instrum ents). * The results of such a survey over a 
m agnetic m ineral vein a re  given in Fig. 1, and  th e  
results of a sim ilar survey over a m agnetic  diabase 
dyke in Fig. 2. F rom  these  curves th e  direction 
of dip of th e  vein m ay  be deduced. In  b o th  cases 
dykes which ru n  approxim ate ly  m agnetic east and 
w est are d ealt w ith, while th e  lines of survey are 
approxim ately  m agnetic  n o rth  and  south. The 
problem  of dykes th a t  run  n o rth  and  south  still 
requires fu rth e r investigation  in th e  field an d  in th e  
laboratory.

To illustra te  how th e  dip of a dyke m ay  be de te r
m ined from  th e  vertical and  horizontal anom alies 
on a line perpendicular to  th e  strike, some experi
m ents over m odel m agnets were perform ed. If a 
sm all bar-m agnet be placed on a horizontal board 
on th e  ground, so th a t  th e  axis of th e  m agnet 
(representing a dyke) is vertical, th e  readings 
m ade w ith  th e  vertical and  horizontal vario 
m eters along th e  m agnetic m eridian passing 
th rough  th e  m agnet resu lt in  curves such as th e  
typ ica l exam ple shown in Fig. 3. Curve A  represents 
th e  result of p lo tting  th e  vertical anom alies, and 
curve JS th e  horizontal anom alies on th e  same 
scale, th e  s ta tion  designated as zero being th e  po in t 
on th e  m erid ian  directly  above th e  centre of th e  
vertical m agnet. I t  will be seen th a t  bo th  curves 
a re  sym m etrical ab o u t th e  origin, which is tak en

as th e  po in t where th e  vertical m agnet is placed. 
W hen th e  m agnet is tilted , so th a t  i t  dips 37° 
to  th e  north , and  th e  readings along th e  same line 
repeated , th e  cen tre  of th e  tilted  m agnet being at 
th e  sta tio n  m arked  zero, we ob ta in  th e  asymmetrical 
curves given in  Fig. 4. Curve A  represents the 
vertical anom alies, and  curve B  th e  horizontal. 
F rom  an  inspection of th e  curve representing 
th e  vertical anom alies, tw o  characteristics are 
a t  once evident. F irst, th e  anom aly  to  the  north 
goes below th e  norm al value ; it does n o t do so to 
th e  south  ; and  second, th e  long fla tter inclined 
side of th e  curve is also to  th e  no rth . Both of these 
characteris tics ind icate  a dip to  th e  north . When 
th e  horizontal v a ria tions a re  inspected, it will be 
seen th a t  th e  m axim um  varia tio n  from the normal 
value is to  th e  no rth , reaching a value 9-5 divisions, 
while to  th e  south  th e  m axim um  anom aly  is only
5-8 divisions. H ence th e  side on which the 
m axim um  v aria tio n  occurs is th e  side towards 
which th e  vein dips.

F i g .  4 .— N.-S. M a g n e t i c  S u r v e y  o v e r  a  b a r
M A G N E T  D I P P I N G  37° N. C U R V E  A R E P R E S E N T S  
v e r t i c a l ,  C u r v e  B h o r i z o n t a l ,  v a r i a t i o n s .

In  th e  experim ents over m odels, a small bar- 
m agnet w as used to  represen t a  long th in  magnetic 
dyke. The theo re tical and  experim ental investiga
tio n  of th e  horizontal and  vertical anom alies over a 
th in  sheet of iron  m agnetized  by  m eans of a coil 
of w ire w ith  a cu rren t in  it, 10 ft. long, 4 ft. high, 
and  half an  inch th ick , gives resu lts sim ilar to  those 
indicated  above. I t  should be remembered, 
however, th a t  th e  resu lts of such ideal experiments 
will only agree in  a  qua lita tiv e  w ay w ith field 
observations over veins th a t  a re  usually  irregular 
in  w idth , d ep th , and  m agnetic  in tensity .

A pplying th e  in form ation  obtained from the 
experim ents over m odels to  th e  field results shown 
in  Figs. 1 an d  2, th e  au th o rs  conclude th a t the 
m ineral vein has a  slight dip to  th e  south, and that 
th e  diabase dyke has a  sm all dip to  th e  north. This 
conclusion is confirm ed by  diam ond-drill records 
in  th e  case of th e  p y rrh o tite  dyke, b u t no such 
in form ation  is available  in  regard  to  th e  diabase 
dyke.

Some idea of th e  d ep th  of overburden m ay also 
be ob tained  from  th e  resu lts of th e  observations 
m ade w ith  th e  tw o  variom eters. A t each point 
on th e  line of survey we have  th e  value of the 
horizontal and  vertical anom alies due to  the  vein, 
from  which we m ay construct, by  th e  parallelogram 
law, th e  d irection and  m agnitude of th e  resultant

F i g .  3 . — N . - S .  M a g n e t i c  S u r v e y  o v e r  a  v e r t i c a l  
b a r  m a g n e t .  C u r v e  A r e p r e s e n t s  v e r t i c a l ,  
C u r v e  B h o r i z o n t a l ,  v a r i a t i o n s .
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F i g .  5 . — N . - S .  M a g n e t i c  S u r v e y  o v e r  a  b a r  
M A G N E T  D I P P I N G  37° S. C U R V E S  A A N D  B A S  
i n  F i g .  4 .

anomaly a t  each sta tion . W hen th e  resu ltan t 
vectors are draw n for po in ts on th e  line over and 
very near th e  centre of th e  dyke, th ey  will ten d  to  
point tow ards th e  upper m agnetic pole of th e  vein. 
Although th e  dep th  obtained from  such readings 
will be approxim ate  only, it will give a t  least an 
upper value to  th e  overburden, th e  knowledge of 
which m ay in some cases be useful. In  Fig. 6 are

F i g . 6 . — R e s u l t a n t  v e c t o r s  o f  m a g n e t i c

A N O M A L IE S  O V E R  P Y R R H O T I T E - N I C K E L  L O D E , 

shown th e  results of such m easurem ents m ade 
over the m ineral vein, indicating a dep th  of, roughly, 
140 ft. The ac tu a l am oun t of overburden was 
about 120 ft., a value estim ated  from  th e  diam ond- 
drill records and confirmed by  electrical surveys. 
The results for th e  diabase dyke are shown in Fig. 7, 
from which an  estim ate  of abou t 600 ft. would be 
made. The vectors draw n from  th e  observations 
taken a t  any  distance from  th e  po in t vertically

EXPLOSIVE
Report of Investigations 3118 of th e  United 

States B ureau of Mines deals w ith th e  "  explosive 
crushing ” of m inerals and  covers investigations 
by R. S. D ean and  J. Gross in to  th e  explosive 
shattering of m inerals as a su b stitu te  for crushing 
preparatory to  ore dressing. The au tho rs say th a t 
the principle of explosive crushing depends upon 
the fact th a t  an  expandable substance contained 
within th e  pores of a solid body will d isrup t such 
a body upon expansion. Such expansion m ay be 
obtained by th e  de tona tion  of an  explosive or by  
the sudden release of pressure of a superheated 
liquid. T h a t th is  principle of disruption  m ay  be

above th e  centre of th e  dyke would be of no value 
and m ust be disregarded. The ac tu a l am oun t of 
overburden in  th is  case is no t known, b u t some 
prelim inary  experim ents m ade over bo th  th e  above 
dykes, in an  effort to  determ ine th e  vertical ex tent 
of th e  dyke, gave indications th a t  th e  overburden 
above th e  diabase dyke is g reater th a n  th a t  over 
th e  p y rrh o tite  vein.

A m agnetic diabase dyke m ay  be readily  
d ifferentiated from  a well-m ineralized vein by  an  
electrical m ethod  of geophysical surveying. Both 
th e  radiore and  th e  resistiv ity  m ethods indicated 
a  good conductor over th e  nickel-pyrrhotite  vein, 
and  a  very  poor conductor for th e  d iabase dyke’ 
while m agnetically  th ey  both  gave sim ilar indica
tions. The stren g th  of th e  m agnetic indications

S T A T IO N

F i g . 7 . — R e s u l t a n t  v e c t o r s  o f  m a g n e t i c

A N O M A L IE S  A B O V E  A  D I A B A S E  D Y K E .

rem ained fairly  constan t along th e  diabase dyke, 
b u t varied considerably along th e  strike  of th e  
m ineral vein. This difference was in te rp reted  in 
th e  early  stages of th e  investigation  as indicating 
th a t  th e  uncharted  diabase dyke, which we located 
in th e  above experim ents, w as not a nickel pyrrho tite  
vein. T racing th e  strike for more th a n  tw o miles 
by  such m agnetic m eans, we finally cam e on an 
outcrop which confirmed th e  na tu re  of th e  m agnetic 
dyke.

The results presented in  th e  paper indicate a few 
of th e  possibilities of m agnetic surveys in geophysical 
prospecting. The ordinary  dip-needle m ight be 
used in place of th e  variom eters, b u t th e  sensitivity  
of th e  form er is so m uch less th a n  th a t  of th e  
la tte r, th a t,  in  m any  cases, th e  required accuracy 
of m easurem ent could no t be obtained.

C RUSHING
applied to  m inerals rests on th e  fact th a t  cracks, 
cleavage planes, and  pores exist in all m inerals. 
Crushing by  th is  m ethod tak es advan tage  of forces 
applied from w ithin th e  m ineral ra th e r th an  from 
forces applied from  w ithout. A consideration  of 
th e  possibilities of such a m ethod for crushing led 
to  some experim ental w ork of a prelim inary nature, 
th e  results of which are  em bodied in  th e  report.

Explosives.— The detonation  of an  explosive 
confined w ithin th e  open spaces of a m ineral offers 
a  fertile field. This m ay be accom plished by the  
im pregnation  of th e  m ineral -with an  explosive or 
th e  explosive m ay be formed in  situ  by  allowing the
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reaction  for th e  fo rm ation  of th e  explosive to  tak e  
p lace w ith in  th e  m ineral.

T he bu lk  of th e  experim ents carried  o u t m ade use 
of th e  expansive pow er of w a ter w hen suddenly 
released from  pressure a t  a tem p era tu re  sufficiently 
high to  convert th e  w ater to  s te am . The experim ents 
w ere m ade in a cylinder 2 in. in  d iam eter by  4 in. 
long, fitted  a t  one end w ith  a cover held in  place 
by  a trigger which could be suddenly  released when 
desired. Upon heating  th e  cylinder a pressure was 
produced by th e  steam , such pressure being recorded 
on a  gauge. R esults of experim ents m ade w ith 
100 gram s of 4 to  6 m esh q u artz  soaked in  w ater 
one day  were as follows :—

Heated to Crushed to
pressure m inus  6 mesh

lb. %
30 1
60 51
80 91

100 16
120 221
150 33
180 37

These results ind icate  th a t  th e  crushing falls off 
w ith  h igher pressures.

R esults of experim ents w ith  100 gram s of 4 to  
6 m esh galena soaked in w ater one d ay  were as 
follows :—

O „ i

1  s cu loooS3 Crushed Product, % tii -<s>
it: 4 +  6 6/14 14/48 48/200 -  200 i  u 1

50 87-7 7-9 0-9 0-9 2-6 12-3
100 63-4 24-1 6-7 2-2 3-6 36-6
150 46-5 33-7 12-5 3-5 3-8 53-5
180 46-2 33-0 131 3-5 4-2 53-8
210 50-6 22-3 181 4-8 4-2 49-4

Soaked 
in  water. 

Days 
4 
4

c.c.
0
5

Crushed to 
m inus 6 mesh. 

°l/O 
1 -0 
1 -5

These results ind icate  th a t  th e  m axim um  results 
a re  obtained w ith  50 c.c. of w ater. There is also 
some indication  th a t  tim e of soaking has an  effect. 
T ests were m ade w ith  100 gram s 4 to  6 m esh quartz 
to  which 50 c.c. w ater h ad  been added afte r draining 
off excess of soaking w ater. All exploded a t  150 lb. 
pressure.

Soaked 
in  water 

15 m inutes
1 day
2 days
3 days
4 days
5 days
6 days

Percentage 
crushed to 

m inus 6 mesh 
34-2 
40-4 
41 -6 
42-5 
49-2 
47-0 
47-0

These results indicate, as did those  w ith  quartz , 
th a t  th e  crushing falls off w ith  h igher pressures. I t  
is also in teresting  to  note th a t  th e  production  of 
m inus 200 m esh increases very  slowly w ith  higher 
pressures, which m ay  ind icate  a sm all percentage 
of useless grinding. B y com paring th e  quartz  d a ta  
w ith  th a t  of th e  galena, i t  is seen th a t  th e  g reatest 
d ifferential crushing takes place a t  abou t 150 lb. 
pressure.

One hundred  gram s of 4 to  6 m esh q u artz  was 
tak en  and, a fte r soaking, th e  excess w ater was 
drained off and  a m easured am oun t added, all 
exploded a t  150 lb. pressure.

Water 
added after

These results indicate th a t  several d ay s’ soaking 
are required w ith  q u artz  for m axim um  results. 
This series was m ade w ith  a different sam ple and 
shows a  considerably higher pe r cen t crushed than 
th e  form er q u a rtz  experim ents. The reason for the 
difference in  crushing in th e  tw o sam ples has not 
y e t been investigated.

One experim ent only on a larger charge of quartz 
was m ade ; 400 gram s (the full capacity  of the 
apparatus) of 4 to  6 m esh quartz , a fte r  soaking two 
days in  w ater, was drained and  125 c.c. of water 
added to  th e  qu artz  in th e  explosion chamber. 
This am o u n t of w a ter was ju s t enough to  cover the 
quartz . This charge w as exploded a t  150 lb. 
pressure and  resulted  in  34-8% crushed to  minus 
6 m esh. This resu lt is sm aller th a n  th e  two-day 
soak experim ent in th e  previous table.

Several sam ples of iron ore and  one sample of 
T ri-S ta te  jig tailings were received from th e  Rolla 
sta tion  and  subjected  to  explosive crushing. The 
sized p roducts were analysed to  determ ine whether 
selective crushing took  place. A sam ple of iron ore 
from W oodward County, Ala., all of which had been 
crushed to  pass a £-in. sieve w as soaked tw o days 
in w a ter and  exploded a t  150 lb. pressure. The 
results, which follow, a re  an  exam ple of easily 
crushed m ateria l w ith  little  selective crushing.

Size of 
product, 

mesh

Head
sample,

% %

Crushed product. 
Fe, Insol. 
0/ 0//o /o

CaO,
°//o

P lus 4 63-0 18-2 28-4 30-4 17-2
4/14 20-5 30-8 26-0 42-4 8-8
14/48 11-9 36-7 32 1 3 6 0 8-2
48/200 2-9 8-8 37-3 28-0 9-6
M inus 200 1 -7 5-5 32-4 3 4 0 6-9

Average .— — 30-0 36 1 10-1
A sam ple of iron-ore jig  tailings from th e  Patrick 

m ine, M inn., which had been crushed to  pass a 
-J-in. sieve was soaked in  w a ter for tw o days and 
exploded a t  150 lb. pressure. The results, which 
follow, show th a t ,  while th is  ore is n o t so easily 
crushed as th e  previous one, it gives a m ore selective 
crushing.

4 10 6-5 Size of Head Crushed product.
5 15 14-8 product, sample,

%
Fe, Insol.

H 15 1 1 2 mesh % % %
3 20 13-8 Plus 4 65-2 50-4 31-5  26-2
3 25 14-9 4/14 14-4 19-9 48-0  24-8
3 30 22-2 14/48 6 1 8 -8 50-8 20-6
4 35 26-6 48/100 6-9 8-7 42-1 32-8
4 40 30-5 M inus 200 7-4 12-2 34-1 44-0
4 50 35-6 ----- ___
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A sample of jig tailings from th e  T ri-S ta te  district 
did not crush easily, b u t resulted in good selective 
crushing both  for lead and  -zinc. These tailings were 
soaked in w ater for tw o  days and  exploded a t  
150 lb. pressure. The results follow :—

Size of Head Crushed product. M etal in
product, sample, Pb, Z n , each size,

mesh 0//o % % % 0
Pb '

'a
Zn

Plus 4 41 -9 34-9 0-85 1 -70 20-9 28-9
4/14 49-4 44-8 0-35 1-15 11-1 25-5
14/48 7-6 13-2 3-50 2-40 32-2 15-7
48/200 0-6 4-1 8-60 6-90 24-5 13-7
Minus 200 0-5 3 0 5-20 10-90 11-2 16-2

Average — — 1 -43 2-04 — —

These results on ores, while no t startling , m ay  be 
looked upon as encouraging and w orthy  of fu rther 
experiment. The work, so far, has been done w ith

a ra th e r crude app ara tu s and has been in the  na tu re  
of a  prelim inary  investigation in a new and 
prom ising field.

The tem pera tu re  a tta in ed  a t  150 lb. pressure is 
180° C. On an  ore charge of 4 p a rts  ore to  1 p a r t  
w ater by  weight and tak in g  th e  specific h ea t of ore 
a t  0-25, th e  heat capacity  of th e  ore is th e  sam e as 
th a t  of th e  w ater. On a basis of 1 to n  of ore, 500 lb. 
of w ater would be used, and  th is would require : 
130 x  2 x  500 =  130,000 h ea t units for a 1-ton 
ore charge. Assuming coal a t  8,000 h ea t units per 
lb., 16 lb. of coal would be required per to n  of ore 
a t  100% coal burning efficiency. On a basis of 
30% coal burning efficiency, approxim ately  50 lb. 
of coal would be burned. A t a cost of §2 per ton  of 
coal, th is  would m ake a fuel cost of 5 cents per ton 
of ore. These figures are held to  show th a t  from a 
cost standpoin t th e  m ethod has g reat possibilities, 
even w ithout any  regeneration of heat.

T EL L U R ID E  M INERALS A T  KALGOORLIE

The occurrence of telluride m inerals a t  
Kalgoorlie is described by Dr. F. L. Stillwell in 
the Proceedings of th e  A ustra lasian  In s titu te  of 
Mining and M etallurgy (N.S. 84). The au th o r 
reminds us th a t  th e  announcem ent of th e  occur
rence of tellurides a t  Kalgoorlie by A. G. Holroyd 
in the Kalgoorlie M iner  on May 29, 1896, followed 
by their discovery in com parative  abundance, 
stimulated th e  fu rth er stu d y  of these minerals. 
In this locality th ere  is a general absence of well- 
formed crystals, and  th e  knowledge gained has been 
confined to  th e  record and  description of p re
viously known, b u t exceedingly rare, species. 
No new species has been recorded, b u t th e  in tim ate  
association of various species resulted in th e  early 
description of tw o supposedly new species, 
kalgoorlite and coolgardite. These have been dis
credited since th e  investigation  by  L. J. Spencer 
in 1903, based on a collection of specimens presented 
to the B ritish Museum. Spencer’s list of species 
at Kalgoorlie comprises calaverite, sy lvanite  (or 
krennerite), petzite , coloradoite, and  a lta ite , and 
does not include hessite, previously m entioned 
by Krusch. In  1912 m elonite and a copper telluride 
were added by J. A. Thomson, and th e  presence 
of hessite confirmed. In  1912 there  also appeared 
a full and detailed account by E. S. Simpson on 
behalf of th e  W .A. Geological Survey, which 
embraced his earlier notes on th e  tellurides, and 
which represents th e  s ta te  of our knowledge of 
the Kalgoorlie minerals, practically  as far as can be 
attained w ithout .the use of th e  reflecting microscope.

The position had been s ta tionary  for about 18 
years, and it was th ough t th a t  th e  best use to  which 
a new collection of Kalgoorlie tellurides could be 
devoted was an  a tte m p t by m ineragraphic m ethods 
to study the  m ineral relationships, no t only of th e  
tellurides am ong them selves, b u t also to  gold and 
other associated m inerals. The precise m ineral 
content and relationships become a factor of added 
importance w ith  th e  developm ent of flotation 
methods of trea tm e n t a t  Kalgoorlie. Moreover, the  
study would supplem ent th e  description of th e  ore 
deposits of th e  Boulder Belt th a t  has recently 
been published.

The following is th e  sum m ary of th e  a u th o r’s 
results, which appears a t  th e  end of his paper.

H e says th a t  tellurium -bearing m inerals occur 
in veinlets and segregations in th e  Kalgoorlie 
lodes and find th e ir  best developm ent in th e  richer 
shoots of ore. The course of th e  veinlets is 
comm only transverse  to  th e  lodes and  th e  
schistosity  of th e  rocks. The veinlets are generally 
very  sm all, often of microscopic dimensions and, 
even in  good specimens, seldom a tta in  a w idth of 
m ore th an  2 or 3 mm. and a length of a few- centi
m etres. Only in  rare specimens does th e  w idth  of 
a veinlet reach 5 mm. when th e  length is greatly  
increased. W hen th e  ore is broken th e  fractures tend  
to  run  along th e  veinlets so th a t  th e  tellurides 
frequently  seem to  occur in patches on th e  surface of 
a specimen. The veinlets are composed essentially of 
tellurium -bearing minerals. A little  idiom orphic 
q uartz  and carbonate m ay be em bedded in th e  
tellurides as well as earlier-form ed pyrite , 
chalcopyrite and fahl ore.

The observed species of telluride are a lta ite , 
coloradoite, m elonite, rickardite , hessite, petzite, 
sylvanite, krennerite, calaverite, and nagyagite, 
w ith th e  possible addition  of stiitzite . Of these, 
coloradoite, calaverite, and krennerite  are th e  m ost 
abundan t, and, together w-ith th e  ra rer a lta ite, 
m elonite, and nagyagite, only occur in th e  unaltered 
prim ary  ore. R ickardite  occurs only as a secondary 
telluride, w'hile hessite, petzite , and sylvanite 
m ay  occur in both  prim ary  and secondary 
associations.

The gold-bearing tellurides are decomposed 
in th e  oxidized zone w ith th e  liberation of free 
gold alloyed w ith a little  silver. R are  instances 
of th e  occurrence of silver chloride are m entioned 
in records, bu t th e  bulk of th e  silver has been 
rem oved in  solution. Evidence of th e  downward 
percolation of silver-bearing solutions is disclosed 
in isolated specimens by th e  dissociation of the  
richer gold tellurides in to  sylvanite, petzite , and 
hessite.

Altaite.—The occurrence of a lta ite  is widespread 
in microscopical am ounts. I ts  best knowrn locality 
is th e  H idden Secret mine, where it occurs in veins 
of hessite and petzite . I t  is characterized by ab u n 
dan t m icroscopical inclusions of th e  silver sulpho- 
selenide aguilarite. I t  occurs as m inute inclusions 
in m assive fragm ents of th e  gold-silver tellurides,



250 TH E  MINING MAGAZINE

as well as in specim ens characterized  by  th e  lead 
m inerals nagyagite, jam esonite , and  bournonite. 
A t M ulgabbie it is associated w ith  krennerite  in 
m icrographic intergrow ths.

Coloradoite.— Coloradoite is one of th e  m ost 
ab u n d an t p rim ary  tellurides whose association 
w ith  particles of free gold is m ost conspicuous. 
I t  is generally free from  included m inerals and  
occasionally shows lam ellar tw inning.

Melonite.—The am o u n t of nickel in  th e  
Kalgoorlie ores is very  sm all, an d  th e  occurrence 
of m elonite is usually  lim ited  to  m icroscopical 
inclusions in  calaverite  and  krennerite.

Rickardite.— The co p p er telluride, rickard ite , 
is restric ted  in  its  occurrence to  th e  zone of 
secondary tellurides, and  has been form ed by th e  
action  of descending copper-bearing solutions on 
prim ary  gold-silver tellurides. The m ost noted 
locality  is th e  in tersection  of a fau lt and  a lode in 
th e  K algurli m ine, a short distance below th e  
oxidized zone. I t  is associated in tim ate ly , p a rtly  
in  th e  form  of m inute  m icrographic intergrow ths, 
w ith  particles of free gold derived from  th e  decom 
position of th e  gold telluride. In  th e  in itial stages 
of replacem ent a th in  developm ent of copper 
tellu ride  tak es place along th e  cleavage planes 
of krennerite. W ith  increasing replacem ent the  
veins increase in  w idth, and  finally coalesce, p ro 
ducing d ark  m asses of copper telluride and  gold, 
w ith  sm all am ounts of an  undeterm ined mineral. 
The etching behaviour of th e  K algurli copper 
telluride is very  sim ilar to  th a t  of chalcocite. I ts  
com position is th a t  of a m ineral which has been 
recorded as weissite, a  preoccupied nam e, and, 
pending fu rth er discovery, it is regarded as a 
solid solution of th e  cuprous and  cupric tellurides 
for which th e  nam e rickard ite  is extended.

Hessite.— H essite is an  anisotropic m ineral, 
which is recognized in  polarized light by  its  in te r
m itten t and  confused lam ellar tw inning. I t  is 
re la tively  ab u n d an t in  th e  H idden Secret ore 
in association w ith  pe tz ite  and  a lta ite . I t  also 
occurs sparingly th roughou t th e  Boulder mines, 
bo th  in shallow and  deep levels. In  some cases it  
form s peculiar and  in tim ate  m icrographic in te r
grow ths w ith  sylvanite, w hich possess a hom o
geneous appearance in  th e  h and  specimen. I t  
also occurs as m icroscopical inclusions in th e  larger 
m asses of fahl ore. Secondary hessite is recognized 
in  veins th a t  in tersect crystals of krennerite  from 
th e  locality  of th e  copper telluride. I t  is associated 
in  these  veins w ith  secondary petzite , while the  
sam e specim ens contain  veins of ano ther mineral, 
which is regarded as probab ly  stiitz ite . I t  is 
inferred th a t  these  secondary silver m inerals 
arise from  th e  silver co n ten t of th e  replaced 
krennerite.

Petzite.— P etzite  is widespread, and, except in 
special cases in  th e  H idden Secret and  K algurli 
m ines, is less ab u n d an t th a n  o ther gold-bearing 
tellurides. I t  occurs both  as a prim ary  and 
secondary telluride. I ts  secondary occurrence 
includes th e  hessite-petzite  veins in k rennerite  
occurring w ith th e  copper telluride in th e  K algurli 
m ine. I t  also develops w ith  subord inate  sy lvanite  
and  free gold from  th e  dissociation of calaverite  
in th e  shallow levels. This ty p e  of change denotes 
a  silver enrichm ent, and  th e  origin of th e  silver 
is likely to  be th e  decom posed tellurides in  th e  
oxidized zone.

Sylvanite and Krennerite.— Sylvanite  is sim ilar 
in com position and  etching behaviour to  krennerite,

b u t it can  often be distinguished from  krennerite 
by  its  bireflection, lam ellar tw inning, and  stronger 
anisotropism . P rim ary  sylvanite  occurs occasionally 
in association w ith  calaverite , b u t m ore often with 
pe tz ite  and  hessite. I t  has been recognized as a 
secondary m ineral when developed as a paramorphic 
a lte ra tio n  of k rennerite  accom panying th e  develop
m ent of copper telluride and  w hen accompanying 
th e  dissociation of calaverite  in to  pe tz ite  and free 
gold. K rennerite, w hich can n o t alw ays be dis
tinguished from  sylvanite , is p robab ly  the  more 
ab u n d an t gold-silver telluride, which has only 
been recognized as a p rim ary  m ineral.

Calaverite.— C alaverite is sim ilar in etching and 
appearance to  k rennerite , b u t is distinguished from 
it by  th e  absence of good cleavage and  by a low 
silver con ten t. B o th  m inerals develop w ith  HN03 
a  series of very  fine etch lines, which seem to be 
due to  a fine m ultip le tw inning. B oth  on account 
of its  abundance and  its  high gold value, calaverite 
is th e  m ost im p o rtan t economic telluride in 
Kalgoorlie.

Nagyagite.— N agyagite  is a very  ra re  species 
of teliuride a t  Kalgoorlie, and, a p a r t  from an 
isolated record in  th e  Oroya Brownhill mine, has 
only been observed in tw o specim ens, and  a probable 
th ird . In  one case i t  occurs w ith  free gold, kren
nerite, an d  coloradoite, and  is characterized by 
ab u n d an t inclusions of corroded particles of fahl 
ore, seligm annite, and  coloradoite. In  th e  second 
specim en th e  tellu ride  species is m ostly  petzite 
w ith  sm all am ounts of a lta ite  and  sylvanite. A 
crystal of nagyagite  is to ta lly  free from inclusions 
and  surrounded by  a  m icrographic intergrowth 
of pe tz ite  and  seligm annite, except where in contact 
w ith  fahl ore. In  th e  th ird  instance i t  appears 
to  form a narrow  film w ith  free gold along pa rt of 
th e  wall of a  vein of k rennerite  an d  coloradoite. 
The observations suggest th a t  nagyagite  arises by an 
in te rac tion  betw een th e  earlier sulphides and the 
la te r tellurides, and  th a t  i t  ten d s to  be unstable 
under th e  n a tu ra l conditions which produced 
considerable q u an titie s  of calaverite , krennerite, 
and  coloradoite.

Associated M etallic M inerals.— The metallic 
m inerals associated w ith  th e  p rim ary  ore of 
Kalgoorlie are : N ative  gold, p y rite , pyrrhotite,
a rsenopyrite, fahl ore, seligm annite, bournonite, 
enargite , jam esonite , stibn ite , galena, sphalerite, 
chalcopyrite, haem atite, and  m agnetite .

N ative  gold occurs n o t in frequen tly  in narrow 
vein lets and  rough particles which a re  visible to 
th e  naked  eye, b u t th e  larger p o rtio n  of th e  native 
gold occurs in particles of m icroscopical dimensions. 
The fine particles occur dissem inated through 
th e  ore, and  are, for th e  m ost p a r t, absen t from the 
telluride veinlets.

P y rite  is th e  m ost a b u n d an t sulphide, and is 
usually  detached  from  th e  gold and  telluride 
particles, which were deposited  la te r  th a n  pyrite.
P y rrh o tite  has n o t been observed in polished
sections of Kalgoorlie ores, b u t i t  tak es th e  place 
of py rite  in  tellu ride  ore from  Mulgabbie.
A rsenopyrite is an  unusual co n stituen t and only 
occurs sporadically. F ah l ore includes the 
an tim onial te trah e d rite  and  th e  arsenical tennantite, 
and  is th e  m ost im p o rtan t sulphide found within 
th e  tellu ride  veinlets. I t  also occurs in  th e  quartz 
veins and  segregations th a t  a re  associated with 
th e  lodes. M any of th e  sm all crystals of fahl 
ore are free from  inclusions, b u t larger m asses may 
enclose particles of sphalerite  and  chalcopyrite
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and other m inerals, of which th e  m ost notew orthy 
are native gold and  hessite. I t  has been found to  
be intersected by  veins of secondary covellite 
just below th e  oxidized zone.

Seligmannite is a  rare sulphide th a t  has been 
recognized in specim ens containing nagyagite. 
In once case it  occurs as inclusions in nagyagite, 
and in the  o ther it form s a fringing m icrographic 
intergrowth w ith  petzite . B ournonite is also 
rare, and occurs in  association w ith sphalerite  and 
jamesonite. E narg ite  occurs as inclusions in 
jamesonite, and  in  ra re  cases is in  co n tact w ith 
tellurides. In  th e  M ulgabbie ore i t  is notew orthy 
as a fringing sheath  separating  chalcopyrite from 
the tellurides. The antim onial lead m ineral, called 
jamesonite, is a ra rity  from  th e  Ivanhoe mine, 
as are also th e  occasional segregations of stibnite. 
Galena is uncom m on, and  has been found as 
inclusions in fahl ore. Sphalerite is no t so infre
quent, and usually contains num erous inclusions 
of chalcopyrite. Chalcopyrite is fairly  common, 
and, with fahl ore, absorbs th e  copper in th e  prim ary  
mineral solutions. L ike fahl ore, chalcopyrite 
is often a constituen t of th e  telluride veinlets, 
and, in th e  vicin ity  of th e  oxidised zone, it m ay be 
replaced by chalcocite and  covellite. The iron 
oxides, haematite and  m agnetite, are comm on in 
the vein-altered greenstones, in th e  ore-bodies, and 
in the quartz-veins and  segregations. M agnetite 
is sometimes visible as well-defined octahedra. 
Haematite som etim es appears as specular iron w ith 
brilliant lustre. More often th e  tw o oxides are 
intergrown in shapeless masses w ith  dull lustre.

Occurrence of Selenium.— Selenium is present 
in small quan tities in th e  Kalgoorlie tellurides. 
It is accounted for in a lta ite  by th e  presence of 
inclusions of aguilarite. In  th e  gold-silver tellurides 
it is considered to  be possibly due to  inclusions of a 
selenide-mineral which has n o t been distinguished 
from alta ite, b u t which m ay be a m ineral sim ilar 
in type to  th e  lead seleno-sulphide, naum annite . 
Evidence is insufficient to  exclude th e  possible 
presence of a com bination of selenium w ith m ercury.

S h i n y a n g a  D i a m o n d  F i e l d s . — In Short Paper 
No. 9 of th e  Geological Survey D epartm ent of 
Tanganyika T erritory , Dr. E. O. Teale reviews 
the geology and probable p a st geographical h istory 
of the region, m aking, as he says, an  a tte m p t 
not only to  show w hat is known of th e  region, bu t 
also to  poin t ou t those unsolved problem s th a t 
materially affect th e  question of th e  source of the  
detrital diam onds. The au th o r emphasizes how 
obscure are some of these points, how little  is really 
definitely established, and  th e  need for fu rther 
detailed observation of m inerals and rocks of the  
region. Regarding th e  K izum bi de trita l diamonds, 
the au thor sta tes th a t  th e  bulk of th e  evidence 
appears to  be in favour of a source which should not 
be very d istant. I t  m ay  be th a t  it is buried beneath 
superficial deposits of clay  or " c e m e n t.” Both 
from the poin t of view of im m ediate fu rther re tu rn  
of detrital diam onds and  as a possible source of the 
payable pipe, i t  is believed th a t  th e  area  in the  
vicinity of Boshoff’s claims, still covered w ith 
“ cem ent,” deserves system atic a tten tion . U ntil 
the floor of th e  old valley of th e  region under the  
" cement ” is definitely traced  and  proved, th e  area 
cannot be condem ned, and  it  m ay have im portan t 
treasures aw aiting  recovery. All de trita l deposits 
including " c e m e n t,” gravels, high level or present 
river m aterial, deserve close a tten tion .

M il l in g  M e t h o d s  a t  M in a s  d e  M a t a h a m b r e ,  
S o u t h  A m e r i c a . —Milling m ethods and  costs a t  
Minas de M ataham bre, South America, in the  
province of P inar del Rio, Cuba, are described in 
In form ation  Circular 6,544 of th e  U nited  S tates 
B ureau of Mines, by  A. R. K irchner, J. V. Galloway, 
and  W . P. Schoder. The ore trea ted  is a  copper 
ore containing 4-55% copper and consisting of 
chalcopyrite associated w ith  pyrite  in a gangue 
of shale and  quartz ite . The au thors give a  brief 
h isto ry  of th e  milling operations and th e  changes 
in practice together w ith com parisons of capacities 
and  costs of operation for th e  years, 1922 to  1930, 
inclusive. Flow sheets are included for th e  different 
sections of th e  p lan t ; crushing, p rim ary  grinding, 
secondary grinding and classification, flotation, 
dew atering, thickening, w ater supply and  power 
d istribu tion . The un it costs of th e  principal 
operations are shown on th e  flow sheets for th e  
year, 1930, and are sum m arized in a tab le  a t  th e  
end of th e  paper. The various operations are 
discussed in th e  tex t, and tables are presented 
showing th e  screen sizes of heads, concentrates 
and tails to gether w ith  th e  assays of each size. 
The use of various reagents in th e  flotation circuit, 
th e  effect of different reagents and th e  con
sum ption  and  cost of each pe r to n  of ore are 
discussed in some detail.

SH O R T  NOTICES
S q u a r e - S e t  M in in g .  —  In  Engineering and 

M ining Journal for March, M. J. E lsing deals w ith 
th e  cost of square-set mining.

S h a f t  S i n k in g .—The first of a series of articles 
on  shaft-sinking equipm ent, b y  Lucien E aton , 
appears in Engineering and M ining Journal for March.

S h o v e l l i n g  a n d  S w e e p i n g .  — Notes of 
shovelling and sweeping on th e  New S tate Areas, 
L td ., w ith  special reference to  th e  conservation 
of fines created  by  th e  blast, by  J. D. Mackenzie 
and  R. S. Tom pson, appear in th e  Journal of the  
Chemical, M etallurgical, and  Mining Society of South 
Africa for January .

S a m p l i n g  w i th  H a m m e r  D r i l l s .— In Inform a
tion  Circular 6594 of th e  U.S. B ureau of Mines, 
J. B. K naebel discusses sam pling and  exploration 
by  m eans of ham m er drills.

K o e p e  H o i s t i n g .  — A. Schurig deals w ith 
im provem ents in  koepe hoisting in Engineering 
and M ining Journal for March.

D u s t  P r e v e n t i o n . — P. H. H ay  discusses dust 
prevention in mines in th e  Chemical Engineering 
and M ining Review of M elbourne for Jan u a ry  5.

M in e  C a g e s .—The coupling of m ine cages is 
discussed by  M. L. Lahoussay in Revue de I’Industrie 
Minérale fo r F eb ru ary  15.

C e m e n t - G u n  C o n t r o l  of  L o o se  G r o u n d . — In 
Engineering and M ining Journal for March, 
T. E . Sm ith describes cem ent-gun control of loose 
o r of m oving ground.

M in e  Statistics.— O perating  sta tistics as applied 
to  th e  engineering dep artm en t of a m ine are given 
by  G. H ildick-Sm ith in  th e  Journal of th e  South 
A frican In s titu te  of E ngineers for February .

C y a n id e  P r a c t i c e .— A review  of de-aeration  
of cyanide solutions by  F. W artenw eiler appears 
in th e  Journal of th e  Chemical, M etallurgical, and 
Mining Society of South Africa for January .

P y r i t e  F l o t a t i o n .—W . G. H ubler describes 
th e  flotation of p y rite  a t  th e  A lderm ac m ine,
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Quebec, in th e  Canadian M ining and Metallurgical 
Bulletin fo r M arch.

G o l d  A s sa y .—W. B ranch  Pollard  describes a 
m ethod  fo r  th e  volum etric assay  of gold in th e  
Bulletin of th e  In stitu tio n  of M ining and  M etallurgy 
for March.

S h e r r i t t  G o r d o n  M il l .—R. C. M ott gives a 
description of th e  mill a t  th e  S h erritt G ordon m ine, 
M anitoba, in  th e  Canadian M ining Journal for 
March.

E l e c t r o l y t i c  Z in c .— The p roduction  of zinc by 
e lectrolysis is discussed b y  H arry  H ey  in  th e  
Chemical Engineering and M ining Review  o f Mel
bourne for F eb ru ary  5.

M a g n e t i c  S u r v e y i n g .— F. W . Lee gives th e  
results of some m agnetic m easurem ents on dykes, 
w ith  experim ents upon geophysical d ifferentiation 
of nickel-ore deposits in  th e  Sudbury  d istric t of 
O ntario , in  T echnical P ap er 510 of th e  U nited 
S ta tes B ureau of Mines.

M a g m a t i c  C h r o m i t e . — In  Economic Geology 
for M arch-A pril, E. Sam pson describes m agm atic 
chrom ite deposits in  Southern  Africa.

N a t i v e  S i l v e r . —The resu lts  of a  m etallographic 
investigation  of n a tive  silver by  Sir H. C. H. 
C arpen ter and  M. S. F isher ap p ear in  th e  Bulletin 
of th e  In s titu tio n  of M ining and  M etallurgy for 
M arch.

G r e a t  B e a r  L a k e ,  C a n a d a . — D. F. K idd 
describes a  pitchblende-silver deposit a t G reat 
B ear Lake, C anada, in  Economic Geology for M arch- 
April.

N o r w e g i a n  M a g n e t i t e .— The m agnetite  m ines 
of Fosdalen, N orw ay, are described by  E. Mossberg 
in  M etall und E rz  for M arch 1.

L a k e  S u p e r i o r  I r o n .— D etails of operating  
practice and  equipm ent in th e  m ines of th e  L ake 
Superior region of Michigan, U.S.A., are given 
by  A. H . H ubbell in  Engineering and M ining  
Journal fo r M arch.

G o l d  P  r o d u c t i o n . — L. C. G ra ton  deals w ith  
fu tu re  gold production  from  th e  geological outlook 
in th e  Transactions of th e  A m erican In s titu te  of 
Mining and  M etallurgical E ngineers, 1931.

RECENT P A T E N T S PUBLISHED
A  co p y  o f  the sp e c if ic a tio n  o f  a n y  o f  th e  p a te n ts  m e n tio n e d  in  

th is  c o lu m n  ca n  be o b ta in ed  by s e n d in g  I s . to  th e  P a te n t  Office, 
S o u th a m p to n  B u i ld in g s ,  C h a n cery  L a n e , L o n d o n , W .C . 2 , w ith  
a  n o te  o f  th e  n u m b e r  a n d  y e a r  o f  th e  p a te n t.

21,343 of  1930 (365,606). R .  P e a l e ,  W .  S .  D a v i e s  
an d  W .  B .  O a k e s ,  New Y ork. Coal and  o th e r 
in term ixed  divided m ateria ls are separated  by  a 
process which involves first a subjection  to  loosening 
and  lifting  by  a ir cu rren ts and  th en , a fte r  passing 
over a screen, th e  re-subjection of th e  coarse p roduct 
to  th e  p rim ary  separation  process.

31,783 o f  1930 (366,015). E. J. K o h l m e y e r ,  
B erlin-C harlo ttenburg , G erm any. A process for 
th e  tre a tm e n t of silica-bearing m aterials based on 
th e  recognition th a t  by  h eating  an  in tim ate  m ixture 
of th e  silicic-acid-containing m ateria l w ith  th e  
necessary  quan tities of zinc sulphide and  carbon 
a t low tem p era tu res , th e  en tire  silicon co n ten t can 
be vaporized.

32,133 of  1930 (366,114). H .  S a l m a n g ,  Aachen, 
G erm any. T ridym ite  bricks are m anufactu red  by  
a process in which, for th e  conversion of th e  quartz , 
tw o oxides a re  p resen t in add ition  to  lime in chalk, 
one of these  add itional oxides being an  alkali.

32,139 of  1930 (366,020). B r i t i s h  T h o m s o n -  
H o u s t o n  C o m p a n y  a n d  H. d e  B. K n i g h t ,  
R ugby. An electrical m ethod  which perm its of the 
q u an tita tiv e  m easu rem en t of firedam p in mine 
atm ospheres.

32,571 o f  1930 (366,123).  W . E . V. A b r a h a m ,  
B urm ah Oil Com pany, U pper B urm a. An im
proved c linom eter fo r use in bore-holes.

33,982 o f  1930 (367,013). A. G .  M c G r e g o r ,  
London. E lectro ly tic  refining of copper and other 
m etals which involves th e  use of th ick  anodes, 
th e  electrolysis being carried ou t in stages by 
periodically  rem oving th e  anodes and  stripping 
th e  deposited  cathode plates.

34,093 o f  1930 (366,168). D r. M . L i s s a u e r ,  
H .  L i s s a u e r ,  and  B. G r i e s m a n n ,  Cologne. Non- 
ferrous m etals are separa ted  from  m olten metal
liferous m ateria ls by  a  process in which th e  nature 
of th e  com bustion  gases a t  th e  surface of the  melt 
and  th e  am oun t of reducing gases passed through 
th e  m elt p er un it period are ad justed  so that 
n e u tra lity  ob tains a t  th e  surface of the' melt, the 
m etal being th e reb y  produced in a  reguline form.

34,963 of  1930 (366,628). D r. M. L i s s a u e r ,  
H. L i s s a u e r ,  and  B. G r i e s m a n n ,  Cologne. Small 
am ounts of volatile  m etals a re  separated  from 
m olten  m etallic copper b y  a process in which 
reducing gases are in troduced  in to  th e  fluid metal 
ba th .

3 6 , 6 0 6  o f  1 9 3 0  ( 3 6 5 , 7 2 5 ) .  T. W. K e e t ,  
K lerksdorp , South Africa. A n im proved crushing 
device for ores o r sands.

6,603 o f  1931 (367,194) an d  6,749 of 1931 
(367,196). E. C. S a i n t - J a c q u e s ,  Paris. An 
e lu tria tio n  ap p ara tu s for th e  sep ara tion  of materials 
b y  pneum atic  m eans.

11,822 of  1931 (365,903). J .  R. W i l l i a m s ,  
Johannesburg . Precious m eta ls are recovered 
from  ores o r o th e r m ateria ls by  th e  m ethod in which 
a pu lp  of m etalliferous m ateria l containing bi
su lphate  of soda as an  a c tiv a to r is passed over a 
surface coated  w ith  an  am algam  of a m etal high 
in th e  electropositive series, such as zinc.

12,864 of  1931 (365,915). A m e r i c a n  C y a n a m i d  
C o m p a n y ,  New York. A m ethod  of recovering 
m inerals from  ores by  flo tation  in th e  presence 
of a w ater-soluble sa lt of secondary  b u ty l xanthate 
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Memorandum Series No. 52. T ypescrip t, 12 pages. 
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O i l - S h a l e  : A world su rvey  of recent oil-shale 
developments. By A. A. S w i n n e r t o n .  Canadian 
D epartm ent of Mines M em orandum  Series No. 53. 
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of Piet R etief ; An explanation  of Sheet No. 68, 
S.A. Geological Survey. B y Dr. W . A. H u m p h r e y  
and Dr. L. J. K r i g e .  P ap er covers, 72 pages, 
including m ap. Price 5s. P re to ria  : D epartm ent 
of Mines and Industries.

T a n g a n y ik a  T e r r i t o r y  : Geological Survey
Annual R eport, 1930. P ap er covers. 34 pages, 
illustrated. Price 2s. 50c. D odom a : Geological 
Survey D epartm ent.

S ou th  A u s t r a l i a .— Mining Review for half-year 
to June, 1931. No. 54. P aper covers, 134 pages, 
illustrated. Adelaide : D epartm en t of Mines.

S outh  A u s t r a l i a .— A nnual R e p o rto f th e  D irector 
of Mines and G overnm ent Geologist, 1930. Paper 
folio, 8 pages, w ith  m ap. Adelaide : D epartm ent 
of Mines.

U.S. B u r e a u  o f  M in e s  : L ist of Publications, 
1910-1931. P ap er covers, 241 pages. W ash ing ton : 
Superintendent of Docum ents.

M ineral  R e s o u r c e s  of  t h e  U n i t e d  S t a t e s ,
1930. P a rt I, pp. 267-296, Cobalt, M olybdenum, 
Titanium, and  various rare m etals, by  P. M. T y l e r  
and A. V. P e t a r  ; pp. 297-332, M anganese and 
Manganiferous Ores, by  R. H. R i d g w a y  ; pp. 355- 
383, Tin, by  C. W . M e r r i l l .  P a rt II , pp. 247-261, 
Lime, by A. T .  C o o n s  ; pp. 263-275, A sbestos, by  
0. B o w l e s  and B. H. S t o d d a r d ;  pp. 291-301, 
Barytes and B arium  Products, by  R. M. S a n t m y e r s  
and B. H. S t o d d a r d  ; pp. 333-373, Stone, by  
A. T. C o o n s .  W ashington : Superin tenden t of
Documents.

F o r ty  Y e a r s  in  A f r i c a .  B y M a j o r  T u d o r  G. 
T r e v o r .  Cloth, octavo, 278 pages, illustra ted . 
Price 12s. 6d. London : H u rs t and  B lackett.

COMPANY REPORTS
C ro w n  M in e s .— This com pany  was originally  

formed in 1892, th e  p resen t nam e being adopted 
in 1909. I t  w orks a gold m ining p ro p e rty  on th e  
Central R and. The re p o rt for 1931 shows 3,612,914 
tons of ore was m ined and  sen t to  th e  mill, where, 
after sorting  o u t 475,014 to n s  as w aste, 3,136,000 
tons was crushed, 986,328 oz. of gold being 
recovered, w orth  ¿4,185,660. Silver and  osm iridium  
brought th e  to ta l  revenue up to  ¿4,193,349, equal 
to 26s. 9d. p e r to n  milled. W orking costs am ounted 
to ¿3,099,300, and  th e  w orking profit to  ¿1,094,049, 
of which ¿660,144 w as absorbed as dividends,

equal to  70% . The ore reserves a t  th e  end of the  
year were estim ated  to  be 10,578,940 tons, averaging 
6-53 dw t. over a stop ing  w idth  of 47-8 in. These 
figures show an  increase in th e  to ta l reserve of
712,180 tons, th e  Main Reef L eader reserve being 
increased by  909,370 tons, while reserves on the  
South R eef fell by 197,190 tons. There is a decline 
in  value by  0T 7 dw t. in th e  value of th e  Main 
R eef L eader reserve, which is associated w ith  an 
increase of 1-7 in. in stoping w idth.

R o b i n s o n  D e e p .—This com pany was form ed 
in 1915 and  in  1930 it  acquired th e  Village Deep, 
th e  jo in t p ro p e rty  being situated  on th e  C entral 
R and. The rep o rt for 1931 shows th a t  1,348,827 
tons of ore was m ined and, a fte r sorting  ou t 190,827 
tons as w aste, 1,158,000 to n s was sent to  the  mill, 
w here 334,456 oz. of gold was recovered, w orth  
¿1,420,292. The w orking profit am ounted to  
¿291,530, or 5s. 0-422d. per ton  milled, and  ¿155,052 
was absorbed as dividends, equal to  3s. on each 
“ A ’’ share and  10^-d. on each “ B ” share. The 
fully developed ore reserves a t  th e  end of th e  year 
were estim ated  to  be 2,592,000 tons, averaging
5-9 dw t. over a stoping w idth of 60 in., as com pared 
w ith  2,397,000 tons, of th e  same value over 58 in.

S i m m e r  a n d  Ja c k  M in e s .—This com pany 
has w orked a  gold m ining p ro p erty  on th e  E ast- 
C entral R and since 1887. The rep o rt for th e  year 
1931 shows th a t  of 1,172,413 to n s of ore m ined, 
245,613 tons was sorted  as waste, while 926,800 
tons w ent to  th e  mill where 262,548 oz. of gold 
was recovered, w orth  ¿1,115,512. The working 
profit for th e  year am ounted to  ¿135,798, equal to  
2s. 11-166cl. p e r  to n  milled. A dividend paid 
during  th e  y ear absorbed ¿41,667, equal to  6j|% . 
The fully-developed ore reserves a t  the  end of the  
y ear were estim ated  to  be 1,558,700 tons, averaging
6-0 dw t. over a stoping w idth of 50 in., a  decrease 
of 66,300 tons in am ount and  of one inch in stoping 
w idth when com pared w ith th e  previous year.

G o v e r n m e n t  G o ld  M i n in g  A r e a s .—This com 
p any  was form ed in 1910 and  works a gold m ining 
p ro p e rty  on th e  F a r E ast R and. The rep o rt for 
1931 shows th a t  2,937,218 to n s of ore was m ined 
and, a fte r allowing for th e  sorting  of waste and 
addition  of ore from  stock, 2,435,000 tons was 
crushed, 1,129,873 oz. of gold being recovered, in 
addition  to  1,275 oz. of osm iridium  concentrates. 
The revenue am ounted to  ¿4,799,396, or 39s. 5d. 
p e r to n , while w orking costs were ¿2,087,626, 
o r 17s. l-7d. p e r to n . The w orking profit was 
¿2,711,770 and  ¿1,260,000 was absorbed as divi
dends, equal to  90% , th e  G overnm ent's share of 
th e  profits being ¿1,458,998. The ore reserves 
a t  th e  end  of th e  y ear were estim ated  to  be
10,510,000 to ns, averaging 8-9 dw t. over a stoping 
w id th  of 60 in.

N e w  S t a t e  A r e a s .— This com pany was form ed 
in  1918 to  w ork a gold m ining p ro p e rty  on the  
F a r  E as t R and . The rep o rt lo r 1931 shows th a t  
1,425,851 to n s  of rock  was m ined, 1,252,100 tons 
being sen t to  th e  crusher sta tio n  w here, a fte r 
sorting  ou t waste, 958,000 tons was milled. The 
gold yield am ounted  to  479,205 oz., in  addition  
to  which 325 oz. of osm iridium  concentrates was 
recovered. The revenue am ounted to  ¿2,035,533, 
equal to  42s. 5-9d. p e r to n  m illed, w orking costs 
being  ¿1,084,052, o r 22s. 7-6d. p er to n . The 
w orking profit was ¿951,481, of which ¿302,807 
was d istribu ted  as dividends, equal to  20% , the  
G overnm ent share of th e  profits being ¿552,732. 
The ore reserves a t th e  end of th e  year, excluding
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ore  of less value th a n  4-5 dw t., w ere estim ated  
to  be 2,737,000 to n s, averag ing  8-9 dw t. over a 
stop ing  w id th  of 50 in.

R a n d f o n t e i n  E s t a t e s .— O riginally  form ed in 
1889, th is  com pany  w orks an  am algam ation  of gold 
m ining properties on th e  F a r  W est R and . T he rep o rt 
fo r 1931 shows th a t  3,450,509 to n s  of ore was 
m ined, of w hich 2,855,587 to n s  w as sen t to  th e  
c rusher s ta tio n , 2,751,000 to n s  being m illed,
178,000 to n s  m ore th a n  in  th e  previous year. 
T he gold recovered  am ounted  to  745,313 oz., 
500 oz. of osm iridium  concen tra tes being  recovered 
in  ad d ition . The revenue from  gold and  osm iridium  
am o u n ted  to  ¿3,172,726, th e  w ork ing  profit being 
¿595,628, w hich  was ¿183,108 m ore th a n  th e  profit 
for 1930. A d iv idend paid during  th e  y e a r absorbed 
¿101,589, equal to  2 |% ,  while ¿146,400 w as used 
fo r th e  redem ption  of deben tures. The ore reserves 
a t th e  end  of th e  year were estim ated  to  be 6,324,000 
to n s, w ith  an  average value of 6-2 dw t. over a 
stop ing  w id th  of 42 in . T he developm ent of th is  
m ine is now in  an  in te res tin g  stage, th e  y e a r’s 
developm ent w ork  confirm ing th e  an tic ipations 
of a progressive fla tten ing  of th e  reefs, w hich are 
expected  to  assum e a  reverse dip fa rth e r  east, 
tow ards th e  W itp o o rtje  fault.

V a n  R y n  D e e p .— This com pany  was form ed 
in  1902 an d  w orks a gold m in ing  p ro p e rty  on th e  
E as t R and . T he re p o rt for 1931 shows th a t  925,797 
to n s of ore was m ined, while 138,762 to n s was 
ob tained  from  reclam ation  w ork, th e  tonnage  finally 
m illed, a fte r  so rting  o u t w aste, being 753,000. 
T he gold recovered am ounted  to  268,938 oz., 
w hile, in  add ition , 114 oz. of osm iridium  con
cen tra tes  was recovered. The revenue am ounted  
to  ¿1,142,380, equal to  30s. 4 -ld . p e r  to n , against 
32s. 9-5d. in  1930, while th e  w orking costs to ta lled  
¿807,110, o r  21s. 5-2d., aga in st 20s. 10-3d. The 
w ork ing  profit, a t  ¿335,270, was ¿124,000 less 
th an  in 1930 and  d iv idends absorbed ¿299,223, 
equal to  25% . The ore reserves a t  th e  end of th e  
year w ere estim ated  to  be 2,669,000 to ns, averaging
6-7 dw t. ov er a s top ing  w id th  of 48 in.

L a n g l a a g t e  E s t a t e . — Form ed in  1888, th is  
com pany  w orks a gold m in ing  p ro p e rty  on th e  
C entral R and . The rep o rt for 1931 shows th a t  
978,054 to n s  of ore was m ined— 533,039 tons from  
th e  M ain R eef L eader and  445,015 to n s  from  th e  
S outh  Reef—th e  tonnage  m illed, a fte r  sorting  
o u t w aste, being  943,000. The gold yield to ta lled  
317,660 oz., while 76 oz. of osm iridium  concen tra tes 
was also recovered, th e  revenue from  gold and 
osm irid ium  am oun ting  to  ¿1,351,425. T he w orking 
profit was ¿370,376— a decrease of ¿15,269 on th e  
p revious y e a r’s results , ¿303,967 being absorbed 
as d iv idends, equal to  20% . T he ore reserves 
a t  th e  end  of th e  y e a r  were estim ated  to  be 1,190,000 
to n s, averag ing  7-2 dw t. over a  s top ing  w id th  of 
44 in.

W i t w a t e r s r a n d  G o ld .— This com pany, form ed 
in  1887, operates a  gold m ining p ro p e rty  on th e  
E as t R an d . T he rep o rt for 1931 shows th a t  
817,251 tons of ore was tak en  from  th e  m ine, 717,500 
to n s  being  crushed a fte r  w aste had  been sorted. 
T he gold yield to ta lled  145,818 oz., th e  revenue 
being ¿620,562. The w orking profit d ropped from  
¿37,955 in  1930 to  ¿8,241 in  1931 on account 
of a fall in  revenue of l-43s. p e r  to n . D ividends 
paid d u rin g  th e  y ea r absorbed ¿23,481, equal 
to  5% , revenue from  o th e r sources hav ing  brough t 
in  ¿26,040. The ore reserves a t th e  end of th e  y ear 
were estim ated  to  con ta in  265,000 to n s, averaging 
5-5 dw t. o ver a  s top ing  w id th  of 52 in.

D u r b a n  R o o d e p o o r t  D e e p .  This company, 
form ed in 1895, w orks a gold m ining property 
on th e  W est R and . The re p o rt for 1931 shows that 
645,700 to n s  of ore w as sen t to  th e  mill, where, 
a fte r  so rting  o u t w aste, 565,200 to n s was crushed, 
yield ing 183,019 oz. of gold, w o rth  ¿776,718, 
silver and  osm iridium  b ring ing  th e  to ta l revenue 
up to  ¿777,928, o r 27s. 6d. p e r  to n  m illed. Working 
costs am ounted  to  ¿690,409 and  th e  working profit 
to  ¿87,519, of w hich  ¿56,250 w as absorbed as 
d iv idends, equal to  15%. T he available ore reserves 
a t  th e  end of th e  y ea r were estim ated  to  be 2,150,200 
to ns, averag ing  6-72 dw t. over a stop ing  width of 
49-8 in .

E a s t  R a n d  P r o p r i e t a r y . — Form ed  in 1893, 
th is  com pany  now  w orks an  am algam ation  of gold 
m ining p roperties on th e  E a s t R and . The report 
for th e  y ea r 1931 shows th a t  th e  crusher station 
received 2,096,300 to n s  from  th e  m ine and that, 
a f te r  so rtin g  o u t w aste, 1,866,200 to n s was sent 
to  th e  mill. The gold yield to ta lled  501,085 oz., 
w orth  ¿2,125,988, th e  value of th e  osmiridium 
and  silver recovered  b ring ing  th e  to ta l revenue up 
to  ¿2,129,986. W ork ing  costs to ta lle d  ¿1,976,805, 
and  th e  w orking profit ¿153,182, of w hich ¿75,000 
was absorbed as a div idend, equal to  5% . The 
available ore reserves a t  th e  end of th e  year were 
estim ated  to  be 3,519,480 to n s, averag ing  6-3 dwt. 
over a w id th  of 59 in ., an  increase of 264,220 tons 
in th e  to ta l  reserve being  registered .

G e d u l d  P r o p r i e t a r y .  —  T his com pany was 
form ed in  1899 and  w orks a gold m ining property 
on th e  F a r  E a s t R an d . T he re p o rt  fo r 1931 shows 
th a t  1,012,100 to n s of ore was m ined and  sent to the 
mill, w here 323,611 oz. of gold was recovered, worth 
¿1,371,731. W o rk ing  costs am oun ted  to  ¿823,686, 
and  th e  w ork ing  profit to  ¿548,047, o r 10s. 9-97d. 
p er to n  m illed. D ividends paid  during  th e  year 
absorbed  ¿493,039, equal to  3 3 f% . The ore 
reserves a t  th e  end of th e  y ea r were est.mated 
to  be 5,900,000 to n s , averag ing  6-6 dw t. in value 
over a s top ing  w id th  of 59 in ., a  decrease of 100,000 
to n s , w hen com pared  w ith  th e  end  of th e  previous 
year.

M o d d e r f o n t e i n  D e e p .— Form ed in 1899, this 
com pany w orks a gold m ining p ro p e rty  on the Far 
E as t R and . The re p o rt for th e  y ea r 1931 shows that
669,000 to n s  of ore was m ined, th e  tonnage milled, 
a f te r  so rting  o u t w aste, being  533,800. The gold 
yield to ta lled  268,790 oz. and  th e  revenue from gold, 
silver, and  osm irid ium  am oun ted  to  ¿1,142,334, 
o r 42s. 9-6d. p e r  to n  m illed. W orking costs 
am ounted  to  ¿416,217 an d  th e  w orking profit 
to  ¿726,117, o r  27s. 2-47d. p e r to n  m illed, while 
¿600,000 w as d istrib u ted  as d iv idends, equal to 
120%. T he ore reserves a t  th e  end of th e  year were 
estim ated  to  be 1,600,000 to n s , averag ing  8-3 dwt. 
over a stop ing  w id th  of 78 in ., w hich represents 
a  decrease of 450,000 to n s  in  am oun t, of 0-3 dwt. 
in value, an d  of 1 in. in  w id th  w hen com pared with 
th e  figures a t  th e  end  of 1930.

C i ty  D e e p .— T his com pany  w as form ed in 1899 
an d  w orks a  deep level p ro p e rty  on  th e  Central 
R an d . The re p o rt  for th e  y e a r 1931 shows that
1,134,180 to n s  of ore was m ined, th e  tonnage 
m illed, a f te r  so rting  o u t w aste, being  1,021,000. 
The am oun t of gold recovered was 264,018 oz., 
w hich realized ¿1,120,328, silver a n d  osmiridium 
bring ing  th e  to ta l  revenue  up  to  ¿1,124,968, 
o r 21s. 11 -7d. p e r to n  m illed. W ork ing  costs 
to ta lled  ¿1,123,594, th e  w ork ing  loss being  ¿1,626. 
The reorganization  of th e  m ine in  o rd er to  work 
on a reduced scale w as com pleted  by  A ugust of the
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year under review  and  th e  m ine is now working 
at a profit. The available ore reserves a t  th e  end 
of the year were estim ated  to  be 1,323,800 tons, 
averaging 6-08 dwt. in value, over a stop ing  w idth 
of 42-9 in., an  increase of 55,600 to n s in  am ount 
and of 0-1 dw t. in  value, as com pared w ith  th e  
figures a t the  end of 1930.

W i t w a t e r s r a n d  D e e p .— Form ed in 1895, th is  
company works a  gold m ining p ro p e rty  on th e  
East Rand. The rep o rt for th e  y ea r 1931 shows th a t 
439,939 tons of ore was m ined and, to g e th e r w ith 
2,961 tons taken  from  th e  surface dum ps, sent to  th e  
mill, where 442,900 tons was m illed, 103,779 oz. 
of gold being recovered, w orth  ¿439,211. The 
working costs were ¿449,097, th e  w orking loss being 
¿9,886. This loss has largely resulted  from  the  
pressure burst, which occurred in th e  W est Incline 
Shaft in April of th e  year u nder review, and which 
affected th e  tonnage  milled to  th e  ex ten t of 55,100 
tons. This shaft was com pletely repaired  by th e  
end of the  year. The payable ore reserves a t the  
end of the y ear were estim ated to  be 583,800 tons, 
averaging 6-4 dw t. over a stop ing  w id th  of 48 in., 
an increase of 1,200 to n s  as com pared w ith  the  
previous year.

T w e e fo n te in  C o l l i e r y .— Form ed in 1907 th is 
company has in te rests in  Tweefontein U nited 
Collieries, L td . The rep o rt for 1931 shows the  
output o f 'th e  Tweefontein Collieries to  have been 
725,977 tons, as com pared w ith  791,383 to n s for the  
previous year. E lectric  coal cu tte rs  have now been 
installed a t  th e  m ines, b u t th e  outlook for th e  
current year is considered uncertain . The gross 
revenue of Tweefontein Colliery, L td ., was ¿22,558 
and, after allowing for th e  sum  of ¿37,309 brought in 
and other allowances, th e re  was an  available to ta l 
of ¿41,640, of which ¿10,500 has been absorbed 
as dividends, equal to  121% on th e  o rd in ary  and 
4% on the preference shares, leaving ¿31,140 to  be 
carried forward.

Rezende M in e s .— Originally form ed in  1908, 
this company now works m ining properties a t 
Rezende, U m tali, Southern Rhodesia. The report 
for the year 1931 shows th a t  76,400'tons of ore was 
milled, exactly  as in 1930, th e  revenue pe r ton  milled 
rising from 36s. 2d. to  37s. 8d., th e  w orking profit 
being ¿72,567, equal to  19s. p er to n . D ividends 
declared during  th e  year absorbed ¿39,375, while 
¿19,700 was w ritten  off against th e  Reliance and 
Monarch options, which have been abandoned. 
The ore reserves a t  th e  end of th e  y ear were 
estimated to  be 159,000 to ns, averag ing  8-7 dw t., 
as compared w ith  180,000 tons, of th e  sam e value, 
at the end of th e  previous year. Small in terests 
have been taken  in an  alluvial gold m ining ven ture  
in Portuguese E as t Africa and  an  option over th e  
Taba Mali gold m ine, near Que Que.

L ow er  B is ic h i  (N ig e r ia )  T in .— This com pany 
was formed in 1912 and w orks an alluvial tin  m ining 
property in N orthern  Nigeria. The rep o rt for th e  
year to Septem ber 30 last shows th e  o u tp u t of tin  
concentrates to  have been 71 tons, as against 
89 tons in th e  previous year, th e  am ount received 
per ton being ¿79 18s. 6d,, against ¿98 14s. 2d. 
The profit for th e  y ea r was ¿292, increasing th e  
balance carried forw ard to  ¿2,628.

M y s o re  G o ld .— This com pany, form ed in 1880, 
works a gold m ining p ro p e rty  in th e  K olar district 
of Mysore, Southern  Ind ia. The rep o rt for 1931 
shows th a t  93,871 oz. of gold (including 5,289 oz. 
from rich pillars) was produced from  182,731 tons 
of ore milled, while 2,171 oz. was recovered in 
clean-up of p lan t. The n e t revenue from  th e  sale

of gold, a fte r allowing for ro y a lty  and  refining 
charges, was ¿425,554, su n d ry  o th er revenue 
bringing th e  to ta l up to  ¿432,629. W orking costs 
am ounted to  ¿310,220 and  th e  profit to  ¿122,409. 
A dividend equal to  Is. p er share  has been paid 
for th e  year, leaving a balance of ¿7,231 to  be carried 
forw ard. The reserves of ore a t  th e  end of th e  year 
were estim ated  to  be 445,260 tons, 26,158 to n s less 
th an  a t  th e  end of th e  previous year. Prospects 
in d ep th  are considered encouraging and negotiations 
have been opened w ith  th e  Mysore G overnm ent 
w ith regard to  th e  term s of th e  leasehold m ining 
righ ts beyond March, 1940.

N u n d y d r o o g  M in e s .— Form ed in  1920, th is  
com pany works a gold m ining p ro p e rty  in th e  
K olar d is tric t of Mysore, Southern  India. The 
rep o rt for 1931 shows th a t  122,717 tons of ore 
was trea ted , producing 68,676 oz. of fine gold, while 
7,109 oz. was recovered from  105,485 tons of 
accum ulated tailings. In  addition, 4,051 oz. was 
ob tained  from  dism antling th e  old mill, m aking 
a to ta l of 79,836 oz. for th e  year, against 78,746 oz. 
in  1930. A fter allowing for royalties and o ther 
charges, th e  to ta l revenue was ¿359,909, while 
expenditu re  am ounted to  ¿243,889, leaving a profit 
of ¿116,021, against ¿100,409 th e  y ea r before. 
The dividend for th e  year was equal to  27£% 
as com pared w ith  25% for each of th e  previous 
tw o years. The ore reserves a t  th e  end of th e  year 
were estim ated to  be 319,656 to ns, an  increase of 
16,829 tons, when com pared w ith th e  previous 
year. The severe fire of May last and th e  consequent 
flooding of th e  lower levels seriously in terfered  
w ith  operations and, in addition, th e  Oriental 
shaft and  Main winze were dam aged beyond 
economic repair, so th a t  adequate  ventilation  
facilities will have to  be provided. As w ith  the  
Mysore, negotiations w ith th e  G overnm ent are 
in  hand  w ith  respect to  th e  extension of m ining 
rights beyond March, 1940.

O o r e g u m  G o ld .—This com pany was form ed 
■ in  1880 and  works a gold m ining p ro p e rty  in th e  
K olar d istric t of Mysore, Southern India. The 
rep o rt for 1931 shows th a t  49,235 oz. of gold was 
produced from  135,095 tons of ore milled, 12,507 oz. 
from  260,905 tons of tailings re-treated , and 1,341 oz. 
from  dism antled tube-m ills and o th er sources, 
m aking a  to ta l of 63,083 oz. gold. Receipts from  
th e  sale of bullion, a fte r m aking allowances for 
ro y a lty  and o th e r charges, am ounted to  ¿293,992, 
while w orking costs to ta lled  ¿254,072, leaving 
a w orking profit of ¿39,920. Dividends to  be paid 
for th e  year will absorb Is. 3d. each on th e  preference 
shares and  3d. p e r share on th e  o rd inary  capital, 
leaving ¿13,525 to  be carried forw ard. The reserves 
of ore in th e  m ine a t th e  end of th e  y ear were 
estim ated  to  be 174,047 to ns, o r  41,453 tons less 
th an  a t  th e  end of th e  previous year. As w ith 
th e  o th e r m ines, negotiations for th e  extension 
of m ining leases are in hand.

C h a m p i o n  R e e f  G o ld .— This com pany, form ed 
in 1921, w orks a gold m ining p ro p erty  in th e  K olar 
d istric t of Mysore, Southern  India. The rep o rt for 
1931 shows th a t  56,758 oz. of gold was produced from  
98,930 tons of ore milled, 8,260 oz. recovered 
from  228,226 tons of tailings re-treated , and 702 oz. 
from  old copper m ill-plates, m aking a to ta l re tu rn  
of 65,720 oz. for th e  year. A fter m aking all 
allowances th e  to ta l income was ¿297,703, while costs 
am ounted to  ¿229,079 and  th e  profit -was ¿68,624, 
an  increase of ¿26,046 when com pared w ith  th e  
previous year's  results. A dividend of Is. 6d. 
p er share, equal to  15%, absorbs ¿39,780. The
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ore reserves a t  th e  end of th e  y ea r were estim ated 
to  be 239,055 to ns, an increase of 9,928 to n s on th e  
previous y e a r’s to ta l. W ork  on No. 70 level is said 
to  ind ica te  th e  p ro b ab ility  of a  new  ore shoot 
and  w ork is being actively  carried  on to  prove 
th e  ground below. Sim ilar nego tia tions w ith  
regard  to  m ining leases are also being conducted 
for th is  m ine.

B a l a g h á t  G o ld .— This com pany  was form ed 
in  1919 and  w orks a  gold m ining p ro p e rty  in  the  
K olar d is tric t of M ysore, Southern  Ind ia. The 
re p o rt for th e  year 1931 shows th a t  41,850 tons 
of ore was trea ted , p roducing 25,835 oz. of gold, 
an  increase of 3,399 oz. when com pared w ith  th e  
previous y e a r’s to ta l. The value oh th e  bullion 
was ¿123,067 and , a fte r  m aking various allowances, 
th e  to ta l revenue was ¿117,744. E xpend itu re  
am ounted  to  ¿103,367 and  th e  p rofit to  ¿14,377, 
against a loss of ¿6,797 in  th e  previous year. The 
reserves of ore in th e  m ine a t  th e  end of th e  year 
were estim ated  to  be 19,754 tons, show ing a decrease 
of 21,769 to n s. E x p lo ra to ry  w ork  continued to  
d isappoin t and  certa in  details w ith  regard  to  th e  
fu tu re  of th e  p ro p e rty  will be found elsewhere 
in th is  issue.

C e n t r a l  P r o v i n c e s  M a n g a n e s e .— This com pany 
was form ed in 1908 and  works m anganese properties 
in various d istric ts of th e  C entral Provinces, India. 
The rep o rt for 1931 shows a n e t profit of ¿161,366, 
of which ¿90,000 has been d istribu ted  as dividends, 
equal to  9% , and  ¿25,000 placed to  reserve, th e  
balance of ¿46,366 being carried  forward.

T o y o  T in .— Form ed in  1927, th is  com pany, 
th rough  a  Japanese com pany, operates th e  M itate 
tin  m ine in  th e  island of K yushiu. The rep o rt for 
th e  year ended N ovem ber 30 las t shows th a t  
operations a t th e  m ine were continued, b u t th a t, 
in  consequence of th e  low price of tin , th e  m ine 
earned  no profit. Ore broken during  th e  period 
am ounted to  86,129 tons, 81,670 to ns, averaging 
1-2% t in  oxide, being  crushed fo r  a  recovery  of 
842-2 to n s of concen tra te. The average operating  
cost p e r to n  milled, over th e  whole period was 
equal to  17s. l jd . ,  a figure which was reduced to  
14s. l id .  for th e  las t six m onths. O perations are 
now self-supporting, a lthough  developm ent has 
been seriously affected.

T h a r s i s  S u l p h u r  a n d  C o p p e r . —This com pany 
was form ed in  1866 and  operates th e  Tharsis, 
Calañas and  Lagunazo m ines in  th e  H uelva d istric t 
of Spain. T he re p o rt for 1931 shows th a t  w ork 
was carried  on a t th e  m ines w ithou t in te rrup tion , 
a lthough  shipm ents of ores show a decrease of about 
30% as com pared w ith  1930. A t th e  m eta l works, 
operations were restric ted  owing to  th e  lim ited 
supply of py rite  residues available and  th e  falling 
off in th e  dem and for purple iron ore. The ne t profit 
for th e  year was ¿62,577, which, added  to  th e  sum  
brough t in , gave an  available to ta l  of ¿93,470, 
of w hich ¿62,500 will be d istribu ted  as a d ividend, 
equal to  5% , leaving a  balance of ¿30,970 to  be 
carried  forw ard.

E a s t  P o o l .— This com pany was form ed in 1913 
and  w orks m ines situ a ted  a t  Illogan, Cornwall. 
The rep o rt for th e  y ea r 1931 shows 33,458 tons 
of ore was crushed, of which 24,850 tons was draw n 
from  th e  Rogers lode and  8,608 tons from  th e  
M oreing lode. The production  of b lack  tin  
am ounted  to  555-16 to ns, against 900-48 tons 
in th e  previous year, while th e  o u tp u t of refined 
arsenic was 65 to ns. The price realized for b lack  
tin  fell from  ¿90-09 to  ¿72-56, while th e  n e t price 
realized for th e  82-12 to n s of arsenic sold and

delivered  averaged ¿13-19, as com pared with 417 
to n s a t ¿9-96 in th e  preceding period. The total 
expend itu re  am ounted  to  ¿48,900, as against 
¿95,975, th e  reduction  being  due to  th e  reduced 
scale of operations, th e  loss for th e  year being 
¿7,245, which increases th e  d eb it brought in to 
¿17,421.

D IV ID E N D S DECLA R ED
A y e r  H i t a m . — lid . ,  less ta x , payab le  March 31.
B a l a g h a t . — Pref. 2s., Ord. Is., less tax , payable 

M ay 3.
C e n t r a l  P r o v i n c e s  M a n g a n e s e .— Is., less tax, 

payab le  A pril 7.
C h i c a g o - G a i k a .— 6d., less tax , payable March 24.
G o p e n g  C o n s o l i d a t e d .— 3d., less tax , payable 

A pril 7.
K r a m a t  T in .—6d., less tax , payab le  April 30.
M i n e r a l s  S e p a r a t i o n . —2s., less tax , payable 

M arch 23.
O o r e g u m . — Pref. Is. 3d., O rd. 3d., less tax, 

payab le  A pril 23.
S u r p r i s e  M in i n g .— 3d., less ta x , payable 

M arch 24.
T a i p i n g  T in .—21% , less ta x , payab le  April 6.
T h a r s i s  S u l p h u r  a n d  C o p p e r . —2s., less tax, 

payab le  M ay 9.
T r a n s v a a l  G o l d  M i n i n g  E s t a t e s . — 6d., less tax, 

payab le  M ay 10.
T w e e f o n t e i n  C o l l i e r y .— Pref. 4% , Ord. 12|%> 

less tax , payable  M arch 31.

N E W  C O M PA N IES REGISTERED
L o m a h  (R h o d e s i a )  G o l d  M i n e s .— Registered 

as a  public  com pany. C apita l : ¿150,000 in 5s. 
shares. O bjects : To acquire th e  m ines, mining 
claims an d  righ ts in R hodesia and  elsewhere owned 
by  Lom ah (Rhodesia) M ining Co., L td . (incorporated 
in 1924), to g e th e r w ith  th e  p ro p e rty  and assets 
used in connexion th erew ith , and  to  carry  on the 
business of prospectors, explorers, m iners, etc. 
Office : 87, B ishopsgate, E.C. 2.

T h r a c i a n  G a l e n a  P r o d u c t s . — R egistered as a 
p riv a te  com pany. C apital : ¿100,000 in ¿1 shares. 
Objects : To acquire certa in  processes, inventions 
and  p a ten ts  re la tin g  to  th e  m anufactu re  o r treatm ent 
of lead  ore o r lead concen tra te , and  for th e  manufac
tu re  of lead pigm ents, lead p roducts , and by
products in th e  N ear E as t, o r  elsew here ; to  carry 
on th e  business of m anufac tu re rs  of lead pigments 
and  p a in ts, oil and  colour m en, chem ical manu
factu rers  o r m erchants, etc . D irecto rs : Sir Arthur
H. Crosfield, A. H . Jackson , P . A. Ivanoff, 
S. S. W ebb-Bowen, T. H . E vans. Office : 219, 
G rand Buildings, T rafa lg a r Square, W .C. 2.

T h r a c i a n  U n i o n  T r u s t . — R egistered  as a private 
com pany. C apital : ¿100,000 in 2s. 6d. shares. 
O bjects : To acquire all o r  a n y  of th e  assets and 
liabilities of th e  T hracian  M ining Syndicate, Ltd., 
and  to  acquire and  hold stocks, shares, etc.

T in  H o l d i n g s .— R egistered  a t  Som erset House. 
C apital : ¿150,000 in  Is. shares . Objects : To
acquire from  B ritish  A m erican T in Corporation, 
L td ., its stocks of m etallic  tin . Directors : 
O. L y tte lto n , J . H. C. E . How eson, J . S. Wetzlar.

W e s t e r n  G o l d  S y n d i c a t e . — R egiste red  as a 
p rivate  com pany. C a p ita l : ¿5,000 in  5s. shares. 
Objects : To acquire m ines, m in ing  oil, water,
tim ber, and  o th e r righ ts, etc . D irecto rs : R. K. 
S tevens, T. W . M eldrum.


