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EDITORIAL
SOME consternation has been caused in 

the Royal Duchy by the disclosure of 
clauses in the County of Cornwall Bill (1929) 
which m ay seriously ham per the already 
suffering mining industry  of Cornwall and 
some details of which are given by our 
Camborne correspondent. Let us hope they 
m ay have “ a happy issue out of all their 
afflictions.”

“  ’ I 'IN  : Salient Facts and Opinions
J . is the title  of a little  brochure 

w ritten by J. A. L. Gallard and M urray 
S tuart and published by Mining Publications, 
L td. (Proprietors of T h e  M i n in g  M a g a z in e ), 
at the price of 2s. 6d. I t  explains to  the 
uninitiated something of how tin  is found 
and w hat are its principal uses and likely 
future demand.

TH E next meeting of the Institu tion  of 
Mining and M etallurgy on March 21 will 

be devoted to a symposium on geophysics. 
Papers will be read by Capt. H . Shaw, Mr.
E. Lancaster-Jones and Dr. W. F . P . 
McLintock, Mr. A. Broughton Edge, and 
Professor A. O. Rankine respectively dealing 
with magnetic, gravitational, electrical, and 
seismic methods. The succeeding meeting on 
April 18 will be devoted to  the discussion 
thereof.

A new expedition to the A ntarctic is being 
organized for the end of this year under 

the leadership of Sir Douglas Mawson, 
professor of geology and m ineralogy in the 
U niversity of Adelaide, who accompanied 
Sir Ernest Shackleton in 1907 and led 
the 1911-1914 expedition. The British 
Government is providing the ship 
Discovery and the A ustralian Government 
will provide the necessary funds, while the 
Government of New Zealand is also 
contributing. Use of a new continuous- 
recording sounding device is to be made 
which will considerably facilitate progress. 
W here conditions perm it, it  is proposed to 
examine outcrops ashore for minerals.

BIGGER and better than  ever ” is an 
obvious epithet to  apply to  this year’s 

British Industries Fair, reference to  which is 
made elsewhere in this issue. This annual 
event, which is becoming one of increasing 
importance, is organized as to the London sec
tion by the D epartm ent of Overseas Trade and 
as to the Birmingham section by th a t c ity ’s
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Chamber of Commerce. Perhaps the most 
outstanding feature of the 1929 fair has been 
the comment its  occurrence has occasioned 
from our “ Ambassador of Em pire, ” in 
which he levels no uncertain  criticism at 
British m anufacturers’ selling methods in 
foreign m arkets—a criticism which appears 
to  have m et w ith a considerable measure of 
endorsem ent from several of our captains of 
industry. For our part, we would allude only 
to  the poor representation in the mining 
section, although in o ther sections of the 
fair there  was m uch to  in terest the 
mining com m unity among the displays 
offered by power-plant and  steel manu
facturers.

Im p e r ia l C o lle g e  A n n u a l  R ep ort
The twenty-first annual report of the 

Governing Body of the Im perial College of 
Science and Technology, covering the twelve 
m onths to  Ju ly  last, is invested w ith special 
significance in virtue of its appearance at a 
tim e which can only be regarded as critical 
in the history of the College. In  the early 
part of the report announcem ent is made 
th a t instead of extending the existing Union 
building by the addition of two more 
storeys—which was the scheme indicated 
in outline in the previous annual report—it 
is now proposed to  erect a new building to 
meet the  growing needs of the Imperial 
College H ostel and the  Im perial College 
Union. The position for the  proposed new 
building is the vacant front part of the site 
comprising the two B otany buildings, the 
Hostel and Union, and adjoining buildings. 
W hile a two-storeyed building occupying 
the whole of the available space would 
suffice for the present requirem ents of the 
extended Hostel and Union, it is pointed out 
th a t the ultim ate building should comprise 
a t least five storeys, if the site is not to be 
wastefully used, and it is, therefore, proposed 
to  erect the complete shell of such a building, 
and to  finish internally  the two floors 
im m ediately required, leaving the remaining 
floors to  be com pleted as th e  necessities 
of the work of the  College require. As this 
project involves the expenditure of £30,000 
in excess of th a t on the partia l scheme, its 
realization m ust depend upon additional 
financial help being forthcoming.

The second point of in terest in the  report 
is the announcem ent of im portan t changes 
in the regulations governing exam ination and
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re-examination in the finals work for the 
A.R.S.M., and the A.R.C.S., involving a 
modification of the H uxley system, the 
Board of Studies having recommended th a t 
the practice should be brought into line 
with tha t associated With the award of the 
Bachelor’s Degree in London U niversity. 
The present system—designated “ tandem  ” 
and initiated in the tim e of the late 
Professor Huxley—whereby exam inations 
follow each course of study, is to  continue, 
with the difference th a t in future a un it of 
result will be one complete year’s work 
rather than a single subject. Thus failure 
to pass in a particular subject will not be 
so easily remedied as heretofore !

On the subject of research, it is of interest 
to note th a t the am ount done during the 
year, if this may be judged by the numbers 
engaged therein, shows a very considerable 
increase, and in one departm ent the necessity 
for additional accommodation has to  be 
faced.

Turning now to the section of the  report 
which is of pre-eminent im portance—namely, 
that dealing with the position of the College 
vis-à-vis London University—we find the 
possibility of a severance of connection fore
shadowed. The sta te  of affairs appears to  be 
somewhat as follows : A D epartm ental
Committee of the Board of Education was set 
up some time ago to  inquire into and make 
recommendations for an alliance of the 
Imperial College and London University. 
Certain proposals in th a t Committee’s report 
were criticized by the Governing Body of 
the College (in their report for the year 
ending July, 1926) as being detrim ental to 
parts of the University w ithout corresponding 
benefit to the whole. In  the report now 
under review it is disclosed th a t repre
sentations have been made to  the University 
Commissioners arising out of the first draft 
of S tatutes prepared by them, affecting both 
the constitution of the proposed new Council 
(or Court) and the conditions under which the 
College m ight become or remain a school 
of the University.

W ith regard to the first consideration, a 
larger council is asked for, and one, moreover, 
constituted w ith fewer members of the Senate 
upon it. As to  the second, it is m aintained 
tha t the special conditions of the Im perial 
College justify  a  dem and th a t it  should be 
exempted from two of the usual stipulations 
concerning schools of the University— 
namely those referring to the receipt of 
grants from public bodies, otherwise than

through the Council, and to the appointm ent 
of professors and other staff grades. Later 
S tatu tes issued by the Commissioners indicate 
th a t no variation in the main findings of the 
original committee has been adm itted, in 
spite of the representations alluded to above, 
and the Governors’ report consequently 
concludes with the following significant 
lines : “ I t  will accordingly be our serious 
du ty  la ter to  consider and to  determine 
whether or not the Im perial College shall 
become or remain a  part of the U niversity.’’ 

I t  is difficult, if not, indeed, unwise, a t this 
stage to  comment on the m atter, yet we m ay 
be perm itted the following observations. 
From  the student point of view, we take it 
th a t a Bachelor of Science Degree is sought 
after for two very good reasons : First,
because present-day prospective employers, 
frequently through ignorance, demand of a 
scientifically trained m an th a t he should 
possess the only distinction recognized in the 
world a t large, and, secondly, because it is 
a necessary prelim inary to  higher Degrees 
of London U niversity. The former is largely 
a  m atter of prejudice ; th a t the la tte r should 
be so is surely somewhat anomalous, in view 
of the fact th a t the U niversity adm its th a t 
the College’s course and examinations qualify 
for graduation. W ith these rem arks we will 
leave the questions for wiser heads, trusting 
th a t in the disagreement between the two 
corporate bodies the interests of the 
individual student will not be overlooked.

B ritish  M e ta llu rg y
At the February meeting of the In stitu 

tion of Mining and Metallurgy the discussion 
was resumed and concluded of Dr. Cullen’s 
paper, referred to in some detail last m onth, 
when a general account of the views of 
members was promised. Professor Truscott 
drew attention to the 5,000 non-technical 
directors of mining and metallurgical com
panies and thought th a t science should 
play a greater part in supreme management. 
This was, in fact, the principal note sounded 
in the whole discussion. Mr. G. C. Klug 
for example, put forward specific proposals 
for the formation of committees of this and 
other like institutions, whose avowed object 
would be a contribution to  the movement 
for peace in industry. In  his opinion there 
was nothing wrong with the workman, either 
here or in Australia, bu t he questioned 
whether the man was being properly led. 
He also considered the power position in th e
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light of modern developments to be entirely 
satisfactory.

Dr. R. S. H utton, who is the D irector of 
the British Non-Ferrous Metals Research 
Association (under the wing of the D epart
m ent of Scientific and Industrial Research), 
pointed out tha t advantage had  not been 
taken by mining companies of facilities 
offered by his departm ent for investigation 
of problems. He also described a certain 
German works where the apparent practice 
was the scrapping of elderly directors, much 
as they scrapped out-of-date m ach inery ! 
Referring to the development of ex tra 
territorial mining propositions, he made the 
interesting suggestion th a t we did no t (as 
other countries do) gain sufficient advantage 
to employment a t home by conditions as 
to purchase of equipment or as to  the dis
posal of the products of the enterprise. 
This view we em phatically endorse.

The distinction between M etallurgy I and 
II, which we defined last m onth, was referred 
to by Dr. Sidney Smith. He dealt w ith w hat 
he regarded as several inconsistencies in the 
paper and rem arked there was a good deal 
of indefiniteness, and thought it would have 
to be less of a collection of random  statem ents 
and more of a coherent scheme before its 
author dare present it to the 5,000 directors 
mentioned by Professor Truscott. A dm itting 
the difficulty of making constructive sugges
tions, he thought the Empire m ust be 
regarded as a unit. Thus a particular 
metallurgical industry lost to  the home 
country m ight be a gain to one of her 
Dominions. Mr. D. A. Bremner found the 
introduction of an economic paper like this 
very opportune and demanded somewhat 
insistently th a t the technical brains should 
play a bigger part in the control of industry. 
He pleaded, however, for caution and further 
discussions of this character before a practical 
plan was formulated.

Foreign competition and how to meet it 
by reducing charges, in which the chief items 
were freight, dock and town dues, and 
handling, was specifically dealt with by Mr. 
W. Pellew-Harvey, who indicated th a t some 
co-operation w ith transport and port au thori
ties seemed to be necessary. Professor B. W. 
Holman confined his rem arks to  directorship 
and transport. He suggested th a t m any 
mining men were ignorant of economics, 
but expressed the view th a t this was no reason 
why one such should not serve on the board 
of all mining companies. As to transport, 
the trouble, he thought, was th a t our inland

waterways, which 300 or 400 years ago were 
the finest in the world, had fallen into disuse, 
whereas ores and concentrates were ideal 
traffic for them. On the contrary, our railway 
system was saddled w ith heavy capital expen
diture on land and bore the added burden 
of high taxation.

At the resum ed discussion Professor 
Truscott, by way of introduction, said the 
position of the industry  was largely due to 
inadequate equipm ent and to  the small scale 
of operations, exemplifying his remarks by 
reference to copper ores. Mr. F. W. Harbord 
also took copper as his tex t and pointed 
out th a t a control of raw  m aterials (which 
in the widest sense includes power supply) 
was an essential for the development and 
maintenance of any particular industry ; 
hence the American position w ith regard to 
th a t metal. He also dealt w ith transport 
and the need for be tte r understanding of 
economics if the technical man wishes to 
assume control. On the subject of scholar
ships, to which allusion had  been made by 
various speakers, he thought those of the 
post-graduate variety  were the real need.

As one of the much-discussed non-technical 
directors, Colonel Cross Brown intervened 
in the discussion a t this stage with the 
suggestion th a t technical and non-technical 
m ight work as separate entities, bu t in close 
co-operation in  a  m anner analogous to the 
com batant and non-com batant forces in the 
arm y. He also supported the formation 
of an association of non-techincal mining 
directors, among the functions of which 
would be inquiry into mining laws, labour, 
sanitation, transport, accounting, and such
like.

Sir Thomas Holland began by talking about 
gardening ! Excusing the Council for per
m itting these excursions into the realms of 
economics, he suggested th a t such behaviour 
was no more reprehensible than  th a t of the 
diligent gardener who took occasional peeps 
over the fence—peeps which were, moreover, 
not into his neighbours’ bu t common property 
and fallow land a t th a t. Like Dr. Smith, he 
found several inconsistencies in the paper and 
took the author somewhat seriously to task 
for them. He thought th a t the question 
was best dealt w ith by com m ittees of experts 
who would examine the m atte r from the point 
of view of mineral resources w ithin the 
Empire, and contingent sm elter and other 
treatm ent plants, transport, power and so on 
—in fact, on similar lines to those suggested 
in his own paper some two years previously.
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In the opinion of Mr. J . B. Richardson the 
lack of canals was compensated for by a 
long coastline w ith m any harbours. He 
also considered th a t copper, lead, and zinc 
might still be profitably mined a t home, and 
alluded to the hostile a ttitude  of the agri
culturist because of river pollution and other 
evils supposed to be inseparable from mining 
and metallurgical operations, adding : 
“ Almost the first word a baby farmer 
learned to lisp was ‘ compensation ’ ” !

In a short verbal reply Dr. Cullen made the 
interesting announcement th a t he had 
been asked to present the facts and 
figures in his paper, which had remained 
unchallenged by members, before a 
Parliam entary Committee, as a result of 
which an im portant metallurgical works 
might come into being.

Before leaving this subject, we would add 
tha t the question of the position of the 
technical man in industrial conferences 
has of late been somewhat widely discussed 
in the daily Press a propos the Melchett- 
Tum er conference and we hope to  take an 
early opportunity of dealing further w ith 
this aspect of the m atter.

D e v e lo p m e n ts  in  th e  U se  o f  C oa l
As long ago as February, 1924, and October, 

1925, we referred in the M a g a z in e  to  the 
importance of the subject of pulverized fuel 
and to the obvious advantages possessed 
by low-temperature semi-coke for use in 
this form. From  tim e to  tim e we have 
referred to  the subject since. Some m onths 
ago we were informed th a t the D epartm ent 
of Scientific and Industrial Research was 
to have the use of an old Naval sloop for 
experimental work w ith pulverized fuel. 
We now learn th a t the D epartm ent has 
decided it does not require her, as i t  is 
found th a t, w ith the general increase in 
the commercial use of this fuel, all questions 
which could be tried  out in a  small and old 
warship have already been answered. I t  
will probably come as a surprise to  some 
of our readers to  learn th a t so much progress 
has been m ade in th is branch of fuel 
technology, and it will probably come as 
still more of a surprise to  learn th a t in 1928 
over twenty-five million tons of coal were 
consumed in America in powdered form. 
Even in America, however, as Dr. C. H. 
I.ander pointed out in his Cantor Lectures 
delivered before the Royal Society of Arts, 
it can be said th a t the use of pulverized fuel

is still in its infancy, a rem ark which applies 
even more to  Great Britain.

To tu rn  to  the question of the application 
of the use of fuel of this type to  marine 
engineering, several ships are running 
successfully which burn  powdered coal, and 
the announcement has been made recently 
th a t a m erchant ship is to  be built and fitted 
to burn pulverized fuel under the Brand 
System—the fuel being either anthracite or 
low -tem perature semi-coke. Elsewhere in 
this issue we publish a description of th a t 
system.

There have been several obstacles in the 
way of storing pulverized fuel on ships 
hitherto . In  consequence it has been 
necessary to  crush the coal on board shortly 
before the product is used. The crushing 
plan t is frequently very noisy, it occupies 
space, and all the old disadvantages of coaling 
ship still remain. I t  seems probable, how
ever, th a t by  using low-tem perature semi
coke instead of raw coal this difficulty may 
be overcome. On this point Dr. Murray 
S tuart, in his recent book ‘‘ Low-Temperature 
Carbonization Explained,” says : “ A great 
difficulty from the point of view of shipping 
is th a t pulverized raw coal is liable to 
spontaneous combustion, and therefore it 
cannot be stored in a pulverized form. Low- 
tem perature semi-coke puts an entirely 
different complexion on this question, since 
it is not ordinarily liable to  spontaneous 
combustion, and therefore can be stored, 
and it is quite possible th a t the near future 
m ay see pulverized low-tem perature semi
coke being pum ped into bunkers on ships 
and handled and burn t in practically the 
same way th a t fuel-oil is now handled and 
b u rn t.”

The ordinary low-tem perature distillation 
process deals w ith either lump or slack coal, 
and the semi-coke would have to  be crushed, 
for use as a pulverized fuel. A tten tion  has 
however, already been directed in the 
M a g a z in e  to one process—the McEwen Runge 
—which is designed to  be an integral part of a 
system of pulverized fuel and which actually 
treats the raw  coal after i t  has been crushed. 
From  the point of view of powdered semi- 
coke such a proceeding has m any advantages 
—for instance, the actual tim e of treatm ent 
is considerably less than  if lump coal is being 
treated  and therefore a larger throughput 
is possible, and it  seems likely th a t a process 
working in this way m ay have the advantage 
when pulverized low-temperature semi-coke 
is the desideratum.
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In tr o d u c tio n .—The improvem ent noticed 

since the commencement of the year in the 
coal and iron industries has continued during 
the past m onth, although it has been retarded 
to  some extent by the fear of dear money 
and  the pending General Election. Copper 
has continued to  forge ahead and tin  has 
been well m aintained, notw ithstanding the 
increase in the visible supplies, whilst there 
has been little change in other metals.

T r a n sv a a l.—The output of gold on the 
R and during February was 778,559 oz. and in 
the outside districts 36,725 oz., m aking a 
to tal of 815,284 oz., as compared w ith 
840,344 oz., 36,108 oz., and 876,452 oz. 
respectively for the previous m onth. The 
natives employed a t the gold mines a t the 
end of the m onth totalled 196,150 as com
pared w ith 192,526 a t the end of January .

The New Consolidated Gold Fields are 
now the owners of Soviet House, Moorgate— 
formerly the headquarters of Arcos—and 
they will be entering into occupation as 
soon as the necessary alterations have been 
carried out.

The profit of the Tweefontein Colliery 
for 1928 showed an im provem ent on the 
previous year, being £15,214, as compared 
with £12,977. The result is th a t in addition 
to the 10 per cent., the am ount d istribu ted  
in 1926 and 1927, the ordinary shares will 
on this occasion also receive a  bonus of 
2J per cent.

W ith a view to providing the necessary 
funds for proceeding w ith the sinking of 
a new shaft the Daggafontein shareholders 
are to  be offered 259,441 shares, in the 
proportion of one new share for each two 
shares held, a t 22s. 6d. per share. The 
issue is underw ritten by the Anglo-American 
Corporation of South Africa, who are also 
subscribing for a further 49,552 shares a t 
22s. 6d., so th a t £340,320 will be provided, 
sufficient, w ith the funds in hand, to  finance 
operations till the shaft is down to the reef, 
which it is estim ated will be struck a t a 
depth of about 3,800 ft. by  the end of 
1930, by which tim e the funds available 
under the existing options will be adequate 
to bring the property to  the  producing 
stage.

Although Dr. Malcolm M aclaren’s report 
on th e  Sub Nigel indicates th a t it will be

necessary to  reduce the grade of the ore sent 
to the mill and incur ex tra  expenditure on 
exploratory work, he sta tes th a t as the result 
of his recent exam ination he has come to the 
definite conclusion th a t the prospects for 
the continuation and repetition of the Sub 
Nigel pay shoots on the dip below the 
existing workings are extrem ely favourable. 
Unless a new rich shoot is found, however, 
he considers inevitable the reduction of the 
grade of ore to  18 dwt. W ith  a couple of 
years’ exploratory work— the ex tra  cost of 
which is estim ated a t about £140,000—the 
position is expected to  show considerable 
im provem ent. As Dr. Maclaren observes, 
with three years’ ore reserves in the mine 
the position is really not unsatisfactory.

The decision of the General Council of the 
South African Mine W orkers’ Union to 
remove the colour b ar from its constitution 
is calculated to  give rise to  some awkward 
questions. I ts  action is probably due, not 
not only to  the recent in tim ation of the 
Government th a t i t  in tended to  delete 
the colour bar against Cape and other 
coloured workers, b u t also to  the fact that 
the coloured workers’ organization has 
applied for registration, it being evidently 
felt th a t it  will be b etter to  take them into 
the present union th an  have a separate 
body. The mining industry  generally is 
in no way responsible for the decision of 
the General Council of the W orkers’ Union, 
recognizing the difficulties th a t are likely to 
be encountered if and  when the natives 
become full members of the white miners’ 
union.

R h o d e s ia .—The gold ou tpu t of Southern 
Rhodesia for Jan u ary  was officially reported 
a t 46,231 oz., as com pared with 44,772 oz. 
for December. The num ber of producers 
was 119. O ther ou tpu ts  for Jan u ary  were : 
Silver, 6,031 oz. ; coal, 113,927 tons; 
chrome ore, 20,446 to n s ; asbestos, 3,573 
tons, and mica, 13 tons.

As the reduced ore reserves have 
necessitated a  reduction of the Gaika 
tonnage from 7,000 to  5,000 tons a month, 
the directors point out the  necessity of 
conserving the com pany’s resources and not 
paying an interim  dividend a t  the present 
time, so as to  be able to  carry  through the 
development program m e they have in hand.
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It is proposed to  increase the capital 
of the Luiri Gold Areas from £60,000 to 
£200,000, by the creation of 560,000 ordinary 
shares of 5s. each, as, in order to secure 
from the Chartered Company rights over 
three areas covering 184 square miles until 
the end of 1934, it  is stipulated  th a t 
not less than  £3,000 per annum  should be 
expended on prospecting during the 
period mentioned.

The report of the British South Africa 
Company for the year to September 30 last 
showed a  net profit of £569,920, of which 
£550,269 has been distributed in dividend 
and bonus, am ounting together to  Is. 6d. 
per share. I t is sta ted  th a t the value of the 
company’s interests as mineral owners con
tinues to  grow in im portance and this 
was emphasized a t the meeting, not only by 
the chairman, bu t by Sir Edm und Davis, 
who expressed the opinion th a t N orthern 
Rhodesia would ultim ately become one of the 
great copper-producing centres of th e  world.

In  his report for the three m onths to 
December 31 last the general manager of 
the Roan Antelope states th a t the drilling 
results for the period have been most 
satisfactory. Drill holes a t wide intervals 
were completed through the ore a t various 
points over a distance of more than  15,000 ft. 
along the strike of the mineralized beds, 
the ore occurrences being rem arkably uniform 
in grade and the widths varying from 9^ ft. 
to 47 ft. The directors point out th a t 
although this drilling does not give sufficient 
information on which to  base ore reserve 
calculations, in excess of the th irty  million 
tons already estim ated, it does prove the 
existence of commercial ore for a distance of
6,000 ft. beyond the area in which the ore 
reserves have already been calculated.

C a p e C o lo n y .—A new company is said 
to be in course of formation, w ith a capital 
of a million sterling, of which a fifth will be 
working capital, to  take over the manganese 
and asbestos rights and plan t of the Union 
Manganese Mines and Minerals, L td., the 
purchase consideration being fixed at 
£225,000.

N ig er ia .—Although on one section of the 
property work was in terrrup ted  by floods, 
the N orthern Nigeria (Bauchi) output for the 
December quarter equalled th a t for the 
preceding three m onths—450 tons. On 
lease 240 drilling is s ta ted  to  have proved 
482 tons averaging L27 lb., whilst the 
Kwall Falls power plant is reported to 
have continued to  run well.

W e ste r n  A u str a lia .—The report of Dr. 
Stillwell, who has recently made a geological 
survey of the Kalgoorlie goldfield, states tha t 
the southern limits in depth of the western 
lodes have not yet been reached, and the 
main hope of the future discovery of payable 
ore relates to  the ground to  the  south and 
west of the main mining area.

The agreement between the Lake View and 
Star and the Golden Horse Shoe, under 
which the former will acquire the mine, 
plant, and certain other assets of the la tter, m et 
with the approval of the shareholders of the 
respective companies a t their meetings last 
week. The purchase price is £180,000 in
900,000 fully paid Lake View and Star shares, 
the nominal value of which is 4s., to  meet 
which the capital of the Lake View and Star 
is to  be raised from £360,000 to £540,000. 
A t the Lake View and S tar meeting Mr. 
J. A. Agnew, who presided, dealt in a 
comprehensive and lucid m anner w ith the 
position of the two companies and, thanks 
to his local knowledge and technical ability, 
was able to  make clear a  num ber of points 
which m ay previously have appeared a 
trifle obscure to the shareholders.

N ew  G u in e a .—Cabled reports as to 
developments on the various areas on which 
the Ellyou Goldfields Development 
Corporation are working continue to be 
of a satisfactory character, several lodes of 
good w idth and high assay value having 
been m et with.

In d ia .—It is some tim e since there was 
any trouble from rock-bursts in the Indian 
mines. Towards the end of last m onth, 
however, the Mysore reported a rock-burst 
in the  Ribblesdale section, resulting in the 
death and in jury of a num ber of Indians, 
which is to be regretted.

M a la y a .— It is officially sta ted  th a t the 
to tal ou tput of tin  in the Federated Malay 
States for 1928 am ounted to 61,935 tons, valued 
at $118,804,747, which established a record. 
W hilst in 1923 the F.M.S. produced 29T per 
cent, of the world’s output, last year it rose 
to  33‘4 per cent. In  1910 the European 
mines are reported to have produced 22 per 
cent, and the Chinese 72 per cent., whereas 
for last year the percentages were 49 and 
51 per cent, respectively, whilst for the first 
m onth of this year the figures are given as 
European 59 per cent, and Chinese 41 per cent.

The Malaysiam Tin, Limited, is among the 
latest companies to make its appearance. 
The capital is £250,000, in a  million shares 
of 5s. each, of which 540,000 have been
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issued. Four oi the five directors are on the 
board of the Perak River H ydro-Electric 
Power Company, the fifth being managing 
director for the E ast of the Siamese Tin 
Syndicate, whilst Messrs. Pellew H arvey and 
Co. are the consulting engineers. The com
pany’s three tin-bearing properties are a t 
Tambun, 6 |  miles from Ipoh, and as they 
adjoin it is proposed to  work them  as one 
mine w ith  monitors and hydraulic elevators.

C a n a d a .—At the annual convention of 
the Canadian Institu te  of Mining and 
Metallurgy, which is being held th is year a t 
Winnipeg, Mr. John Bracken, the Prem ier of 
Manitoba, in welcoming the delegates, drew 
a tten tion  to  the growth of the mineral 
industry which had followed railway con
struction in Ontario. As he pointed out, 
twenty-five years ago the m ineral ou tput of 
th a t Province was 14 million tons, whereas 
it was now over 100 million tons, and, 
after referring to  M anitoba’s present pro
duction of 4 million tons, asked : W ho can 
predict its productive value in another 
quarter of a  century ?

The Mining Corporation of Canada 
is acquiring a 35 per cent, interest 
in a company which is to  be formed to take 
over a group of silver-lead-zinc properties 
situated  near Field, British Columbia. The 
properties are on the m ain line of the 
Canadian Pacific Railway and a fair am ount 
of development work is reported to  have 
been done, w ith satisfactory results. I t  is 
proposed to  erect a mill w ith a capacity  of
100,000 tons per annum.

I t  is proposed by  legislation to  give the 
Minister of Mines of British Columbia 
increased power in dealing w ith fraudulent 
promotions. No hard  and fast rule is to  be 
laid down in  the m atter, bu t among other 
things the Minister will have power to  give 
notice in the public interest if the con
ditions surrounding a prom otion are not 
satisfactory. There are m any other places 
besides British Columbia where similar legis
lation is called for.

The Consolidated Mining and Smelting 
Company and Ventures—the holding com
pany for the Lindsley in terests—have 
decided on the jo in t construction of a  copper 
refinery and electrolytic zinc reduction works 
in E astern  Canada, which will handle the 
products of the mines controlled by both 
corporations. This is evidently a counter
blast to  the arrangem ent come to  by the 
N oranda and British Metals for the joint 
construction of a copper refinery in Eastern

Quebec. The location of the two refineries 
has no t so far been announced.

M e x ic o . — A nother of the periodical 
revolutions is in progress and it  is reported 
th a t some of the mining towns have been 
occupied. This need no t occasion share
holders undue anxiety, for it  will be remem
bered th a t tow ards the end of last year Mr.
F. W. Baker, a t the Santa  G ertrudis meeting, 
pointed out th a t during the company’s 
existence of tw enty  years they had  never had 
to  shut down once through any  political 
condition th a t had  existed in the country.

C o lo m b ia .—The V iborita Gold Mines, 
L td., has been formed to  acquire an alluvial 
gold-bearing property  situate  near Amalgi, 
in the  s ta te  of A ntioquia, which has been 
exam ined and tested  by Mr. W. E. Thome, 
who has spent over twelve m onths a t the 
mine. The authorized capital is £130,000 
in 5s. shares, and  the board includes the 
chairm an of the St. Joh n  del Rey (who is 
also chairm an of the Viborita) and the chair
m an of the  Frontino and Bolivia companies.

T in  S e le c t io n  T r u st.— Reference was 
m ade in the February  issue to  the  increase 
of the capital of th e  T in Selection: T rust to 
£2,000,000 by the  creation of a further 
million shares of £1 each. Of these new shares
500,000 have since been issued to  the  share
holders in  the proportion of one new share 
for each two held a t 25s. per share, thus 
making the issued capital of the Trust 
£1,500,000.

R u s s o -A s ia t ic .—In view of certain pro
posals made by foreign groups to  acquire 
part of the reserve share capital in con
nection w ith the expansion of the company’s 
activities, the board decided th a t before 
coming to any arrangem ent an opportunity 
should be given to  shareholders to  subscribe 
for part of the reserve shares a t a  price 
lower than  th a t contem plated in the negotia
tions. Shareholders have therefore been 
offered shares a t 3s. 6d. in the proportion 
of one for each five shares held.

C h e m ic a l a n d  M e ta llu r g ic a l C orpora
t io n .— In order to  provide funds for financing 
the completion of their Runcorn works 
on a broader basis th an  was originally 
intended, the Chemical and Metallurgical 
Corporation have raised a further £350,000 
by the issue of two million ordinary  shares 
of 2s. each a t 3s. 6d. per share, the whole of 
which have been taken by groups associated 
w ith the company, the subscribers having 
an option till Ju ly  1, 1930, on a  further 
million shares a t 4s. 6d. per share.



TH E  ORIGIN OF CUMBERLAND HEMATITE
By the late J. D. K EN D ALL

T his article, which was received a few days before the author's lam ented death , consists of comments on reports contained 
in the Sum m ary of Progress of the Geological Survey of G rea t Britain during 1927.
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Sum m ary of Progress of the 
Geological Survey of Great B ritain , 1927, 
P art 2, there are two papers, w ith the above 
title, by  Messrs. E. E. L. Dixon and Bernard 
Smith respectively. Mr. D ixon’s portion 
relates, principally, to  the ore occurring 
in the Skiddaw Slates a t Knockm urton 
and Kelton Fell. Mr. Sm ith’s part is mainly 
criticism of Mr. Dixon’s conclusions. Un
fortunately, neither w riter has had  adequate 
opportunités of obtaining com prehensive 
views of the  deposits owing to  the mines at 
present opened up being nearly  exhausted. 
Nor are the writers fam iliar w ith the nature 
of the Perm ian Breccia, which has such an 
im portant bearing on the age of the hem atite 
deposits.

On p. 40 of the “ Special Report on the 
Mineral Resources of Great Britain, Vol. 
V III, 2nd E dition ,” Mr. Smith w rites :— 
‘ ‘ In  the chief post-Triassic faults examined 
tha t we have been able to  check carefully, 
the amount of displacement in the New 
Red Rocks is as great as in the Carboniferous 
Limestone, the only exception being E .-W . 
Bay barrow F au lt, and we know of no certain 
case in which an ore-body has been faulted, 
except to  a very minor degree, since th e  time 
of its form ation.” Mr. Smith does not appear 
to be very anxious about the facts of observa
tion or he could easily have been convinced 
that his conclusions, as ju st stated , are 
quite wrong. The post-Triassic faults to 
which he refers are, as I have on a  previous 
occasion s ta ted ,1 not of post-Triassic bu t 
of pre-Triassic age. They, or some of them, 
have had post-Triassic movements. I have 
already shown 1 th a t the am ount of displace
ment of the New Red Rocks is much less 
than th a t of the  Carboniferous Limestone. 
If Mr. Smith is still unaware of this fact, 
it can only be th a t he has not inquired 
sufficiently. I have before me a section 
of an im portant mine in which there is one 
of these faults th a t had a pre-Triassic 
movement of 187 feet and a post-Triassic 
movement of 590 ft. An ore-body which it 
intersects is severed by  it and part of it 
carried up to  different levels along with other 
faulted m atter. Some of the  broken blocks 
of ore are 300 ft. higher up the fault-plane 
than others. These figures were established 
by m easurem ents taken after the mining 
operations.

1 C riticism  of th e  M emoir of th e  Geological 
Survey, M in in g  Magazine, Jan u ary , 1920.

On the same page of the  Special Report 
as the above quotation Mr. Sm ith writes : 
“  Stress is laid  upon the occurrence of so- 
called “ pebbles ” of hem atite in the brock- 
ram, as a proof of the previous existence 
of beds of ore—of pre-Perm ian age—but 
in  Goodchild’s view, these are probably 
pebbles of limestone converted into hem atite 
after they  had  been incorporated in the 
brockram. Our conclusion, therefore, is 
th a t in the main the alteration of the lim e
stone into ore was effected in post-Triassic 
tim es.” In  a foot-note to  th is passage 
Mr. Sm ith says, “ Possibly as late as 
T ertiary .”

In  the “ Bearing of the  D istribution 
of Certain Metallic Minerals on their 
Genesis ” 1 and in the “ H em atites of W est 
Cumberland and Furness,” 2 I have referred 
to  Goodchild’s ideas as to  the origin of 
hem atite in the  Perm ian Breccia and in the 
la ter communication, just mentioned, have 
given the opinion of Professor P. F. Kendall, 
of the Geological D epartm ent of the Leeds 
University, in March, 1917, who says : " We 
are both (Mr. Gilligan and myself) very 
familiar w ith the Perm ian brockram  of the 
Vale of Eden and in the Ingleton area, 
and in our judgm ent the  hem atite in those 
rocks could not have been derived from 
destruction of hem atite m atter. On the 
other hand, we are equally in agreement 
th a t these hem atite fragm ents are true 
fragm ents and have not, as Goodchild 
thought, been produced by substitution, 
in  situ, of hem atite for limestone.” All 
the pebbles I have seen lack any trace of the 
fibrous or radial structure of kidney ore. 
The pebbles of hem atite in the  brockram  
of Hoff Beck, near Appleby, present exactly 
the appearance I should expect if it had 
resulted from .the oxidation of clay iron
stone nodules such as can be found in 
the Coal Measures.

In  the second of the two papers just 
referred to  I  gave a section of an open-cut 
working at Bigrigg, which showed the 
Perm ian Breccia overlying an ore-body. 
In referring to the section in its bearing 
on the age of the ore-bodies generally, I 
wrote : “ So far as I know it has not been 
seen, in th a t connection, by  anyone but 
myself, and it is now completely destroyed, 
so th a t it m ay perhaps be useful if a brief

Magazine, Novem ber, 1920. 
Magazine, March, 1925.
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account of it be given here.” The deposit 
“ was worked in such a way th a t the contact 
of the breccia and the hem atite and the 
ground for several feet above and below 
it could be clearly seen. The hem atite 
in the breccia occurred as angular fragm ents 
of various sizes. In  other places, further 
away from the ore-body, it was as more or 
less rounded pebbles, in some cases smooth 
and occasionally striated. H em atite and 
limestone fragments were quite common 
within two or three feet of the m ain body 
of ore. They were all angular and some of 
them  as much as eighteen inches in length. 
Pieces of pure limestone were lying along
side and, in some cases, partly  overlying 
pieces of pure ore.” The mine was a very 
small one and its exhaustion would be soon 
effected.

On p. 41 of “ The Special Report, Vol. 
V III, 2nd E dition,” Mr. Smith refers to  the 
section just mentioned in the following 
words : “ The section being destroyed it is 
impossible to  check Mr. Kendall’s in terp re ta
tion of the evidence.” W hy ? I invite 
Mr. Smith to  say why. I t  is impossible 
to check my drawing, of course, bu t not to  
check my interpretation of it. I gave an 
accurate drawing of the section as I saw it 
40 years ago. Most likely it was not in 
existence a week afterwards, and in a few 
months the ore-body m ight be exhausted. 
I t  is unfortunate for my reliability as an 
observer th a t they did not suspend mining 
operations. In  the last fifty-three years, 
I have produced several sections in my 
writings th a t have not been seen by  others, 
but only this one has been banned. 
Mr. Smith does not give any part of my 
w ritten description of the section ; he merely 
locates it  and dismisses it as useless, no t
w ithstanding th a t, by  describing it, I con
sidered it im portant.

I t  is fifty-three years since I m entioned 
in the “ H em atite Deposits of W hitehaven 
and Furness ” 1 th a t several hem atite  pebbles 
have been found in the breccia representing 
the Lower Perm ian.” Since then I have 
repeated the statem ent several times, in 
different writings. I should know hem atite  
when I see it. I have m ined it, have 
hammered it thousands of tim es, have 
examined it under the microscope m any 
times during the last fifty years and have 
analysed m any samples of it. I have 
ham m ered the breccia in every part of the 
d istrict, have quarried thousands of tons 
of it, have looked for and found hem atite

1 Trans. M anchester Geological Society, 1875.

in it frequently, more often near the ore 
deposits than  away from them .

I will now consider Mr. Sm ith’s conclusion 
th a t “ the m ain alteration  of the  limestone 
in to  ore was effected in post-Triassic tim es.” 
H is idea is th a t an iron solution stained 
the  St. Bees Sandstone red, the Permian 
Breccia red or brown, and produced the 
purple-grey colour of the W hitehaven Sand
stone. I t  seems to  be the Survey-Office 
idea held by  all the members of the Survey 
I have met.

In  a paper on the “ S tructure of the 
Cumberland Coal-fields ” 1 I divided the 
Coal measures as under :•—

“ 1. W hitehaven Sandstone, or Upper 
Coal Measures.

“ 2. Lower Coal Measures, reposing on 
Millstone Grit.

“ The W hitehaven Sandstone is uncon- 
formable to  the Lower Coal Measures, and 
on th a t account it was form erly considered 
to  belong to  the Perm ians, bu t there is 
now no doubt about its  Carboniferous age.”

In  the Transactions of the Cumberland 
and W estm orland Association for the 
Advancem ent of L iterature and Science, 
Mr. T. V. Holmes—on the Geological Survey 
of N orth Cumberland—in a paper on the 
“ Best Locality for Coal beneath the Permian 
Rocks of N orth-W est Cumberland,” 1 
criticizing my paper on the coalfields, just 
referred to , denied the unconformability 
of the  W hitehaven Sandstone Series, which 
I had proved, and said "  the purple-grey 
tin ting of the beds was due to  staining sub
sequent to  their deposition.” Further, he 
correlated seams in w hat I called the Lower 
Coal Measures w ith others in the White
haven Sandstone Series. J . G. Goodchild— 
also on the Survey—was opposed to the 
unconform ability, and agreed with Holmes 
as to  the after-tinting.

W hen the Geological Survey published 
th e ir map in 1893 (after 21 years’ work) 
it showed the ex ten t of only a small part of 
the W hitehaven Sandstone Series in the 
south-west part of the field, and th a t was 
represented as being conformable to the 
Lower Coal Measures. In  the  sections 
accompanying their m ap they  correlated the 
Four-foot Coal of Cleator Moor w ith the 
Moorbanks B and of W orkington and the 
Ten-quarters Coal of E llenborough and Bull- 
gill. The Five-foot Coal of Cleator Moor 
they considered to  be the equivalent of 
the R attle r B and of W orkington and Bull-

1 Trans. M anchester Geological Society vol ix, 
1883-4.
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gill. My work—published 14 years before 
tha t of the  Geological Survey—led me to 
the conclusion th a t the Five-foot Coal and 
the Bannock B and of Cleator Moor were on 
the same horizons as the Ten-quarters 
and the R attle r B and of Ellenborough 
and Bullgill.1 In  a paper on “ The W hite
haven Sandstone Series ” I pointed out 
other serious errors of the  Survey in 
correlation.2

The revised map of the Geological Survey, 
published in 1895, did not show the W hite
haven Sandstone Series. Mr. A. S trahan— 
one of the revising Surveyors—said there was 
not any indication of a definite base to  the 
W hitehaven Sandstone Series, and no 
evidence of its  unconform ability to  the 
Lower Measures.

Sandstone and the productive measures, 
and the  recent work of Mr. C. E. Eastwood 
bears this ou t.” This was after they had 
spent twenty-one years in the district— 
between 1872 and 1893—without seeing it.

I have been obliged to  make the  above 
references to  the W hitehaven Sandstone 
Series as its  tin ting  has an im portant bearing 
on the source of the solution which replaced 
the limestone in forming hem atite. The 
members of the Geological Survey do not 
appear to  have looked into th is phase of 
the subject. I give herew ith a generalized 
section (Fig. 1) of the principal rocks forming 
the coal and iron fields of W est Cumberland. 
The St. Bees Sandstone m ay be said, 
generally, to  be coloured red. So is the 
Perm ian Breccia, bu t it is m ostly much

. f .  ■ • • .................
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A  St Bees  S an d s t o n e .
B  Permian B recc i a .
C Whitehaven Sandstone.
D Lower Coal  Measures .
E  Millstone Grit,
F  Carboni ferous  Limestone.
G S k i d d a w  Sla fe.

F i g . 1 .— G e n e r a l  S e c t i o n  o f  C o a l  a n d  I r o n  F i e l d s  o f  W e s t  C u m b e r l a n d .

In “ The Summary of Progress of the 
Geological Survey for 1924 ” the Survey 
correlates the Bannock Band and Five-foot 
Coal of Cleator Moor with the R attler Band 
and Ten Quarters of Ellenborough and 
Bullgill, as I had done in 1883. They 
further say “ In  this respect we find ourselves 
in agreement w ith Mr. J . D. K endall.” 
I t took the Survey fifty years to  find out 
the m istakes they  made in the seventies.

In  “ The Geology of the Carlisle, Long- 
town, and Silloth D istrict ” issued by the 
Geological Survey in 1926—dealing with 
the probable extension of the Coal Measures 
—the following passage occurs : “ In  the
West Cumberland coalfields evidence has 
been advanced by  Mr. J .  D. K endall 3 for 
an unconform ity between the W hitehaven

1 Trans. N o rth  of E ngland  In st, of M. an d  M .E., 
1883.

2 T rans. Fed. In st. Mining Engineers, 1895.
3 S tru c tu re  of th e  C um berland Coal Field, N. of

darker than  the overlying sandstone. In 
fact it is sometimes nearly brown. The 
W hitehaven Sandstone Series is tin ted  
purple-grey, sometimes slightly red or brown, 
in  the upper parts, bu t in the lower parts 
these purple-grey and red beds alternate 
w ith s tra ta  having the ordinary black, white, 
grey, and bluish tin ts  of the  Lower Coal 
Measures.

In  “ The W hitehaven Sandstone Series ” 1 
I say : “ The W hitehaven Sandstone consists 
almost entirely of Sandstone and Shale, 
of a  red, grey, or brown colour, as described 
in  the sections, bu t the w riter prefers to 
call i t  purple-grey. W ith  these beds are 
intercalated, in the lower part of the  Series, 
rocks of the  ordinary coal measure colours 
and a few th in  coal seams. Two th in  beds 
of Spirorbis Limestone have been m et with 
in  the series a t Frizington Hall, and 
occasionally in different parts of the D istrict.” 

1 Trans. Fed. In st. M ining Engineers, 1895.
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F i g . 2 . — W h i t e h a v e n  S a n d s t o n e  S e r i e s .

Fig. 2 gives six sections of the W hite
haven Sandstone Series as found between 
Ellenborough and Bolton. S ixty per cent 
of the rocks are arenaceous and 40 per cent 
argillaceous. Forty-three per cent are 
coloured purple-grey or reddish and fifty- 
seven per cent have the usual coal measure 
tints. Of the purple-grey and red beds 
sixty-seven per cent are arenaceous. As 
sandy beds occupy six ty  per cent of the 
series it is to  be expected th a t a somewhat 
similar proportion would have a purple- 
grey or reddish colour.

Let us look at Fig. 1 and imagine a red 
iron solution filling the interstices of the 
St. Bees Sandstone and sinking down 
through the Breccia, as Mr. Sm ith suggests, 
into the W hitehaven Sandstone Series, 
and a t the same tim e, I say, in to  the Lower 
Coal Measures, the Millstone Grit, the 
Carboniferous Limestone, the Granophyres, 
and the Skiddaw Slate, as far as the line 
T—T. If such a staining process had  ever 
taken place there is no reason why the 
W hitehaven Sandstone Series should not 
have been stained continuous!v t o i]i,■ I, f i - ,
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in the rise portion of it, as shown by the 
section. Nor is there any reason why the 
rise end of the Lower Coal Measures, or of 
the Millstone Grit or the Carboniferous 
Limestone, or its included shales, should 
not have been so stained. But they  are 
not, nor is the Skiddaw Slate or the eruptive 
Granophyre. The purple-grey or red or 
brown colouring of the beds in the W hite
haven Sandstone Series is shown by dotted 
spaces in the sections (Fig. 2) and the 
occurrence between those beds of others 
which are white or grey, bluish or black, 
as indicated by the plain spaces in Fig. 2, 
show clearly th a t the purple-grey or red or 
brown beds were so coloured at the tim e of 
their deposition and th a t between those 
times there were periods, of various lengths, 
in which there was not any of the purple 
or reddish colouring m atter deposited, and 
the sand or mud thrown down was white 
or grey or bluish or black. Some of the 
white beds, and some of the red ones, are 
only two feet thick.

After the deposition of the Lower Coal 
Measures it is evident th a t there was a  large 
uprise of the terrain, followed first by  pro
longed denudation, then by subsidence 
and the deposition of the W hitehaven 
Sandstone Series. T hat period of crustal 
disturbances was probably accompanied 
by ejections, along lines of faulting of irony 
m atter which m ight be deposited within 
the area considered, and carried away la ter 
and mixed w ith the arenaceous and 
argillaceous debris forming the reddened 
beds of the W hitehaven Sandstone Series. 
I say irony m atter because iron, in some form 
or another a t th a t time, seems to  have been 
the subterranean ejectm ent of the district 
during crustal movements. The em ana
tions would probably be in terrupted  by 
interrupted occurrences, which would 
increase in in tensity  for a period, and then 
gradually cease. During the  changes beds 
of the W hitehaven Sandstone Series might 
sometimes be reddened, bu t they  might 
as often have the norm al colours of the 
Coal Measures. The dark  red and brown 
colours of the  Breccia and its inclusion 
of hem atite fragments, indicate th a t it 
was formed, in some parts, in the neighbour
hood of ore-bodies which were partly  broken 
up by the denuding forces th a t produced the 
Breccia. The paler red of the St. Bees 
Sandstone m ight arise from continuous 
subterranean ejectm ents, perhaps supple
m ented by the  denudation of irony m aterial 
previously deposited.

The above suggestions are, in the nature

of the subject, not so conclusive as we could 
wish them  to be on account of the lack of 
data, but I th ink  they explain the colouring 
of the red beds much better than  the assum p
tion by the Survey of a red liquid per
m eating the St. Bees Sandstone and sinking 
into and colouring some of the beds of the 
W hitehaven Sandstone Series, but leaving 
other beds, between them, entirely unaltered. 
The more Fig. 2 is studied the more evident 
i t  is th a t m y suggested process of colouring 
was th a t which actually  occurred. I first 
suggested it in 1884, in the adjourned 
discussion of “ The Structure of the Cumber
land Coalfield.” Where the red liquid 
came from the Survey does not explain, 
but surely it arose from the deep-down 
store of all our metallic minerals. If so, 
why not deal w ith it in a perfectly natu ra l 
way ?

I will now look briefly a t a few statem ents 
in  Mr. Dixon’s paper dealing w ith other 
questions. There are a num ber of hem atite  
veins a t K elton Fell and K nockm urton, 
crossing the junction of the Loweswater 
Flags and the Kirkstile Slates. They are 
more extensive in the la tte r th an  in the 
Flags. The Flags, however, are more fissured 
and Mr. Dixon thinks these fissures have 
been the channels through which the 
mineralizing solutions th a t formed the ore- 
bodies passed on their way upward from 
their previous deeper stage. I do not see any 
reason for concluding, as Mr. Dixon does, 
th a t these joints formed the upward passages 
of large volumes of m aterial th a t was 
deposited as ore-bodies in the overlying 
rocks, including the Carboniferous Limestone. 
Nor do they afford evidence th a t any of 
the ore in them  came from below. In  
thinking of genetics we m ust include in 
our view the great num ber of ore-bodies 
found in other parts of the  Lake Country, 
in the Ennerdale Granophyre, the Eskdale 
Granite, the  Volcanic Rocks of Borrowdale, 
the Coniston Limestone, etc.

Mr. Dixon says : “ I t  has already been 
suggested by K en d a ll1 from the facts of 
areal distribution th a t the hem atite deposits 
constitute a zone beyond th a t of the lead 
ore.” I am  not clear w hat Mr. Dixon 
means here ; the paper he refers to  dealt with 
distribution not with genetics. Mr. Dixon 
says (p. 26) :— “ The channels of the iron 
solutions through the Skiddaw Slate were 
similar to  those of the lead, zinc, and copper 
solutions, and hem atite was deposited not 
far beyond the limit of deposition of galena.”

1 L atera l D istribu tion  of M etallic M inerals, 
M in in g  Magazine, vol. xxiii, p. 75.
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I th ink  it is unlikely th a t the hem atite, or 
the iron in it, came from the same sub
terranean zone as the lead, or they would 
probably have occurred in veins together. 
In  the various rendings of the uprising 
anticlinal, some of the fractures would extend 
deeper than others, so some of them  might 
open up an iron region, while others, perhaps 
of an earlier or later date, m ight go into 
leady accumulations. Further, it is likely 
th a t the joints in the underlying slates 
would probably be fewer and much less 
distinct than  in the flags and therefore 
there would be much less space in them  
than  in the flags for the rising gases or 
solutions.

Mr. Dixon says in his conclusions :— “ The 
general body of evidence relating to  the 
Cumberland hem atite favours the magmatic 
theory ” which I first put forward in 1883,1 
but, previously, on p. 26 of his communica
tion, he had w ritten in reference to  the ore- 
bodies in the Carboniferous Limestone :— 
“ I t  has been established beyond question 
th a t many have been deposited by downward 
percolating waters, a fact which, taken  in 
conjunction w ith the presence of a  great 
thickness of red beds above, and the  general 
tendency of formations, unconformably over- 
lain by such beds, themselves to  be reddened 
from above, seemingly makes it unnecessary 
to look elsewhere than  in the red beds for the 
source of the iron .” I have already, in this 
communication, and in the M i n in g  Ma g a z in e  
for January , 1920, p. 60, dealt with the later 
of these two statem ents of Mr. Dixon.

Referring to  the production of the Knock- 
m urton and Kelton Fell veins by replace
m ent, Mr. Dixon writes :— “ These replace
m ents appear to  have been direct and not to  
have followed an earlier replacem ent by 
dolomite, as suggested by him  (Kendall) in 
one of his later writings.” My first reference 
to  replacement through dolomite was in a 
paper on “ The Mineral Veins of the Lake 
D istrict,” 2 read to the Manchester Geological 
Society twelve months after I had w ritten 
about the origin of ore in the Skiddaw Slate 
a t Kelton Fell and K nockm urton, so th a t 
in th a t case I could not have had dolomite in 
my mind.

On the distribution of ore-bodies in depth 
Mr. Dixon writes, p. 30 :— “ The difference 
between the north-eastern part of the ore- 
field and the south-eastern end as regards 
ore-bodies a t the base of the  Limestone is 
discussed by Kendall ; he suggests as the

1 The H em atite  D eposits of W est Cum berland.
2 Trans, of th e  M anchester Geological Society, 

1884.

most probable answer th a t the beds in the 
north-eastern p a rt have never been bored at 
the proper place.” The m ain cause of the 
poverty of the  north-eastern p a rt of the 
d istrict is, as I have always w ritten, the 
scarcity of faults  in th a t area. The extra 
thickness of drift m ay have prevented the 
ground-water reaching the bottom  of the 
limestone, bu t the more likely reason is that, 
by the  old methodless efforts of searching, the 
lower beds were never reached a t the proper 
place.

The geological structure of the district had 
undergone great alterations before the 
Perm ian Breccia was formed. Elevations 
and denudations had  occurred to  such 
degrees th a t the  Breccia was deposited on 
W hitehaven Sandstone rocks, on Millstone 
Grit, and on Carboniferous Limestone. The 
occurrence of hem atite in the Whitehaven 
Sandstone Series a t Millyeat was therefore 
just as much w ithin the range of possibility 
as th a t found in the Carboniferous Limestone.

The occurrence of associated metals I 
cannot th ink  has any bearing on the origin of 
the ore. They were never abundant except at 
Parkside where the ore was very "  loughy ”. 
There they  were m ainly different forms of 
lime and silica w ith some specular iron and a 
little  baryte and pyrite. Fluor-spar I found 
only in the Bigrigg mines, in very small 
quantities. W hen I first found it I mentioned 
the fact to  an analytical chemist practising in 
W hitehaven, who had  probably analysed 
every ore in the district, and he said I was 
wrong. He had never had a trace of fluorine 
in any of his analyses. I t  was, of course, 
merely a difference of experience. He had not 
found fluorine, I had. Messrs. Dixon and 
Sm ith have not found hem atite in the 
Breccia, I have.

In  a foot-note to  Mr. D ixon’s paper I find 
these w o rd s:— “ Special Report on the 
Mineral Resources of Great Britain Ed. 2,
1924.” This im portant work will be referred 
to  as the “ Memoir.” I am glad Mr. Dixon 
w rote this note as it enables me to  complete 
the general history of my part in producing 
the revised map. On August 21, 1924, Mr. 
Smith wrote me asking for information 
regarding several parts of the W est Cumber
land Mining D istrict, to  which I replied on 
August 27, 1924 :— “ The questions you ask 
are easily answered, bu t I w ant to  make it 
clear to  you why I hesitate to  help the 
Geological Survey again.” I repeated to him 
some of my writings to  Sir A rchibald Geikie 
after March 30, 1894, which included the 
following :— “ Before the Revising Surveyors 
left the district, one of them  promised, with
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out suggestion of it, to  send me a p rin ter’s 
proof of the new map. He did not, however. 
In consequence, on February 8 ,1 8 9 6 ,1 wrote 
Sir Archibald Geikie as follows :— “ A few 
days ago I learned th a t the revised map had 
been issued in Ju ly  last. I sent for a copy at 
once and it has just come to  hand. I find tha t 
all the errors which I pointed out to  you have 
been rectified in the way suggested by me in 
my first letter to  you, and many others, which 
I afterwards showed to  Mr. S trahan when he 
was in the district. In  fact the map, as far 
as it relates to  the  Carboniferous and 
Permian rocks between Egrem ont and 
Mockerkin, is practically my map [for an 
area of a few square miles] as you will see by 
reference to  my work on the ‘ Iron  ores of 
Great B ritain ’ and m y paper on the 
‘ Structure of the Cumberland Coalfield.’ 
There are still, however, a  few errors which 
ought not to  have occurred, one of which 
makes the map inconsistent with itself. 
I notice with great surprise, th a t it gives the 
entire credit of the revision to  Messrs. 
Strahan and Goodchild. Surely you are not 
aware of the nature of the help rendered by 
me. From the reference to  it on p. 72 of 
your Annual Report of 1894, anyone would, 
I am sure, conclude th a t it was simply in the 
nature of exhibiting to  the  Survey working 
plans and boring journals, bu t I can assure 
you it was something very different.

“ The boundaries of the various formations 
in the district nam ed were copied by Mr. 
Strahan from m y 25-inch maps on to  which 
they had been laid down by me with the 
greatest possible accuracy, as the informa
tion was accumulated in the course of years, 
and a very large part of th a t inform ation was 
not possessed by any other living being and 
could not have been obtained by Mr. Strahan 
if he had remained in the district for years.

“ Having said th is much perhaps it is 
unnecessary for me to  add th a t Mr. Strahan 
did not check the greater p a rt of m y 
boundaries. He did not because he could not, 
the district being so much covered by drift. 
He simply copied my lines, and they  are 
almost entirely my lines th a t are on the 
altered part of the map. I should be very 
sorry to th ink  th a t Mr. S trahan (for whom I 
have a high appreciation) had put forward 
these lines as his own, when, as I tell you, 
he was not even able to  check the greater 
part of them  ; I should also be sorry to think 
tha t you, being in possession of the facts, 
should consider it right to  give the entire 
credit of the revision to  paid officials of the 
Survey while I, who gave my labour 
gratuitously and ungrudgingly, should not

receive the slightest public acknowledgement 
except in your Annual Report which cannot 
possibly be called a public document in the 
sense th a t it obtains any publicity.

“ I should much rather it had not been left 
for me to  make such a suggestion, bu t I 
th ink it is only in strict conformity with 
common usage th a t the work which is really 
mine should have been acknowledged on the 
map. If I had simply pointed out the errors, 
and left the Survey to  correct them , I should 
not have expected any acknowledgement, 
bu t when the Survey adopt such a large 
am ount of my stratigraphical work I do 
expect some public recognition, and now th a t 
the facts have been pointed out to  you by me 
I feel sure th a t you will not consider th a t I 
ask it unfairly.”

To this letter, Geikie replied on February 
11, 1896 :— “ Full and detailed acknowledge
m ent of assistance received are always 
reserved for the E xplanatory Memoir [which 
Mr. Dixon says has been issued and p rin ter’s 
proof was promised]. When the explanation 
of the W hitehaven map is issued advantage 
will be taken of it to  sta te  the assistance 
received from you, and I hope you will find 
this statem ent to  be satisfactory. I exceed
ingly regret to  find from your le tter th a t no 
copy of the revised map was sent you. This 
was an omission for which I beg to  offer my 
sincere apology.”

After these quotations from my letters to 
Geikie, I continued to  Mr. Smith :—“ Your 
Memoir does not carry out Geikie’s promise, 
and I th ink  you will agree it should have 
done. There are m any parts in your Memoir 
which need correcting, in both the W hite
haven and Furness areas, besides those I 
have already pointed out in my review, and 
I should in ordinary circumstances have 
been pleased to  help you, but I pu t it straight 
to you would anyone, after such treatm ent 
as I have received, be anxious to  help the 
Survey, even in a small way. Let the Survey 
put itself right, then I shall be willing to  help 
in any way I can, and I have much informa
tion th a t the Survey can never otherwise 
become possessed of.”

W hen I wrote th is Sir Archibald Geikie 
was living, and could have been appealed to. 
W hatever else happened I do not know, but 
my correspondence w ith the Survey ended.

Our geological maps, like the Ordnance 
maps are sometimes used in our Law Courts 
w ithout proof of their accuracy. The fore
going m ay perhaps be useful if it encourages 
the idea th a t the maps m ay or m ay not be 
correct, so far as accuracy is possible. 
Debatable points should always be so treated.



GREECE: ITS GEOLOGY AND MINERAL
RESOURCES

By D. A. W RAY, Ph.D.. M.Sc., F.G.S., F.R.G.S.
(Concluded from  February issue, page 90)

Magnesite has for m any deposited with the magnesite or in separate
veins as opal or chalcedony. Magnesite 
from  Styria or A ustria, the other main 
European source of supply, is less pure than 
Greek magnesite, containing about 8% of 
iron. S tyrian magnesite is also crystalline 
and is of sedim entary origin, being associated

M a g n e s it e . 
years constituted one of the more im portant 
mineral products exported from Greece. 
Fifteen years ago upwards of 100,000 
tons were obtained annually, though in 
post-war years the annual production has 
been considerably less.

The m aterial comes almost wholly from w ith dolomitic limestones. The following
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the island of Euboea, smaller am ounts being 
obtained on the K halkidike peninsula. 
Grecian magnesite is fine-grained, amorphous, 
and m assive; and when pure, white in 
colour. I t  occurs as lenses or vein deposits 
in association with intrusive basic magnesian 
rocks such as gabbros, or more commonly 
in their alteration product serpentine. Silica 
which has been formed a t the same tim e is

is an average analysis of Euboean magnesite : 
MgC03, 95T2 ; CaC03, 4-02 ; F e ,0 3, 0 08 ; 
S i02, 0 52 ; H 20 , 0 27%.

The Grecian magnesite is m arketed either 
as “ crude ” or “ calcined ” magnesia. The 
former is essentially magnesium carbonate, 
while the la tte r is m ainly magnesia or 
magnesium oxide. The calcination takes, 
place a t the mines.
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There are again two distinct kinds of 
calcined magnesia. One known as “ caustic ” 
calcined magnesia has only been raised to 
red heat (or about 800° C.) in long cylindrical 
ro tary  calcining furnaces with the result 
th a t upwards of 8% of carbonate is still 
left. In  this variety  the magnesia is not so 
inert and is susceptible to  reaction with 
water or carbon dioxide. I t  also readily 
combines with certain other reagents such 
as magnesium chloride, and it is this factor 
th a t renders it  of great value in the 
preparation of magnesia cement.

The other variety  of calcined magnesia 
known as “ dead burn t ” is produced by 
calcining the raw product a t a much higher 
tem perature so th a t it is partially  fused. 
The resulting product is very dense, fire- 
resistant, and chemically in e r t ; in this form 
it is extensively employed in the m anufacture 
of refractories. Magnesia fire-bricks are 
produced by burning an adm ixture of 
caustic and dead-burnt magnesia.

The magnesite deposits of Greece are 
practically confined to  the island of Euboea, 
and occur mainly in a belt of serpentine 
eleven miles long stretching from Limni 
to Kymassi on the AJgean coast. The 
average width of the belt is from three to 
four miles. The serpentine, consisting 
largely of olivine and enstatite, two minerals 
rich in magnesia, is intrusive into Cretaceous 
limestones and is overlain in places by 
Tertiary conglomerates, marls, and marly 
limestones. I t  gives rise to a hilly region, 
much dissected by deep gullies and con
sequently well suited for mining by adits.

On the island of Euboea, there are nine 
principal workings, four of which are worked 
by the Anglo-Greek Magnesite Company. 
Of these one of the more im portant areas 
is th a t leased from the m onastery of Galataki 
and close to Limni on the north-western 
coast of Euboea. The chief workings are 
at Kakabos and Archangelos, where it was 
formerly obtained along the outcrop. Mining 
is now being resorted to  by means of an 
inclined shaft. At depths of 120 ft. it 
shows no signs of exhaustion. The calcining 
plant, electric power p lant, and workshops 
are on the Gulf of A talanti, three miles 
south of Limni. An aerial ropeway three 
miles long, together w ith a narrow-gauge 
railway, connects the workings with the 
place of transhipm ent. The annual pro
duction is about 20,000 tons and about 
300 hands are employed.
* A D utch concession known as the Huyzer

Company has smaller mines a t Limni and 
also a t Afrati near Chalcis. The former is 
provided w ith an aerial ropeway and has 
also two calcining furnaces. The combined 
annual production of these two mines is 
about 15,000 tons.

The oldest and most extensive magnesite 
workings in Greece are a t Mantoudi, eight 
miles east of Limni in N orthern Euboea. 
These were commenced some 50 years ago 
and are now held by a private Greek com
pany. The main deposit is 1,800 ft. long 
and is over 130 ft. wide in places, and consists 
largely of a series of thick lenses of magnesite. 
Up to  the present about 1,500,000 tons of 
magnesite have been extracted, and although 
mining has been continued to  depths of 
over 350 ft. there is little  sign of any decrease 
in the size of the deposit. The principal 
workings a t Koofala and Geroremma are 
close to  Mantoudi, and about miles from 
the small port of Kymassi. A narrow- 
gauge railway and aerial ropeways connect 
the several workings. The calcining furnaces 
are of varying types and the crude mineral 
is here fired with lignite mined locally. 
Magnesia fire-bricks are m anufactured at 
Mantoudi on a fairly large scale.

At Daphnopotomous, three miles from 
Mantoudi, another Greek company is working 
a very pure deposit of magnesite. The 
average width of the vein is here from 
4 ft. to  5 ft., and it  shows no sign of exhaus
tion a t a depth of 60 ft.

Among other localities in which magnesite 
is being worked are Pili, Gerakini, and Hagia 
Anna, all in N orthern Euboea. The Anglo- 
Greek Company has also workings a t Afrati, 
near Chalcis. A t Pili, where two companies 
are operating, the deposits are of an irregular 
nature, while a t Hagia Anna, to  the north 
of Mantoudi, the average w idth of the 
principal vein is sta ted  to  be 6 ft.

From  a detailed study of the occurrences, 
it is generally agreed th a t the Eubcean 
magnesites are replacement deposits due 
to meteoric waters and it is therefore 
anticipated th a t they will be lim ited to 
depths of a few hundred feet a t the most. 
No sign of any considerable decrease has, 
however, been so far recorded.

On the Greek mainland, magnesite was 
formerly worked on a small scale a t Skender 
Agha, close to the town of A talanti and in 
the province of Lokris. On the Khalkidike 
peninsula, however, there are deposits of 
greater economic importance and magnesite 
is a t present being mined a t Vavdos, tw enty

3-
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miles south-east of Salonika. The annual 
output is about 1,000 tons and the magnesium 
carbonate content is sta ted  to  be 95'50%.

Among other localities where magnesite 
has been recorded but not worked, the most 
im portant are Papades, in N orthern Euboea ; 
a t Perachori, near Corinth ; a t Hermione 
(or Kastri) in Southern Argolis ; around 
Thebes in Bceotia ; and on the islands of 
Spetsai and Paros.

E m e r y .—One of the most interesting 
mineral products of Greece is th a t of emery, 
which is extensively exported for use as 
an abrasive. Practically all the emery 
comes from Naxos, the largest island in 
the Cyclades, which has for several centuries 
furnished practically the whole of th a t 
employed in the arts.

I t  is clear th a t the m aterial was worked 
and employed in ancient times, for Aristotle, 
Theophrastus, and P liny not only allude 
to  it, bu t appear to be fully cognizant of 
its physical properties. On the island of 
Naxos it occurs as huge loose blocks and 
boulders in the red soil, and it  was only 
within recent years th a t it became necessary 
to mine it from the parent rock. The 
corundum, of which the emery largely 
consists, occurs in lenticular masses up to 
150 ft. in width and as much as half a mile 
in length, in a crystalline, often saccharoidal, 
limestone surrounded by micaceous schists 
and gneisses. I t  is considered to have 
originated from the influence of massive 
pegm atite dykes which in tu rn  are related 
to intrusive granite masses. Best Naxos 
emery is dark grey in colour m ottled with 
bluish streaks. Usually it has a massive 
or p laty  structure, and it  appears to  be an 
intim ate adm ixture of corundum  and 
magnetite. O ther minerals which are 
associated with it and can readily be detected 
are tourmaline, muscovite mica, c.hloritoid, 
quartz, and sillimanite ; and less abundantly , 
staurolite, biotite mica, rutile, spinel, and 
iron pyrites. The corundum  is usually 
in small rounded grains or crystals embedded 
in the iron ore.

Em ery also occurs on the islands of 
Heraklia and Sikinos to the south of Naxos. 
Its  character is very similar, though on the 
whole it appears to be finer grained and 
associated with more finely crystalline lime
stone. I t  also occurs on the islands of 
Amorgos, Paros, Nikaria, and Samos, though 
less abundantly  than  on Naxos. On the 
island of Samos it  is of a dark  blue colour, 
and occurs in nodular masses.

The workings on Naxos are a t Apiranthos 
and Koronis, the inhabitan ts of these two 
communes possessing practically exclusive 
rights for its extraction. These villages 
are each about nine miles d istan t from the 
coast and the m aterial is transported  to 
small landing stages a t Sulinos and Mutsouma 
respectively. These ports being too exposed 
to perm it of regular navigation, the material 
is conveyed a t G overnm ent expense to 
Syra on a neighbouring island where there 
is a special depot.

Despite the large am ounts th a t have been 
removed, the m aterial is still extracted in 
a ra ther crude fashion. Smaller blocks are 
transported  as obtained, while larger masses 
are broken either by  heavy sledge hammers 
or by the application of heat and subsequent 
sudden cooling w ith water. The industry 
finds regular em ploym ent for about 1,000 
hands. The m aterial is shipped in lumps 
varying from the size of a pea to 25 lb. in 
weight. In  former tim es it  was exported as 
b a lla s t,b u tit is nowshipped as a regular cargo.

Prior to  the European W ar about 10,000 
tons were extracted  annually, though within 
recent years the annual production has been 
more than  doubled. By far the largest 
am ount is exported to the United States, 
smaller quantities going to France, Holland, 
and Germany. The mining of emery is 
a S tate monopoly and it constitutes one 
of the sources of revenue for the International 
Finance Commission established in 1898 for 
the paym ent of the public debt of Greece. 
The success of mining is, therefore, of some 
im portance to  a  num ber of British and 
French bond-holders. The S tate exercises 
little  effective control over the actual 
m ining operations, its supervision being 
chiefly extended to  the quality  of the 
m aterial gathered for export. Prior to 
the W ar needless waste ensued, much 
excellent and high-grade m aterial being 
abandoned or covered w ith debris. This, 
however, was much im proved by the French 
technical supervision exercised in 1918. 
The development of the metallurgical 
industry in America has given considerable 
im petus to the industry, though its most 
serious com petitors are the increasing 
am ounts obtained from Smyrna, an emery 
softer in character and more suitable for 
polishing, and the em ploym ent of artificial 
abrasives. According to the em inent French 
mineralogist De I.aunay, some 5,000,000 
tons of reserves are still available by the 
simple process of quarrying and blasting.*
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O il  R e s o u r c e s .—The most promising 
areas for the production of oil in Greece 
are undoubtedly those within the western 
folded zone. Indications have been recorded 
from other districts, bu t they are not likely 
to prove of any great practical importance. 
The two districts in which investigations 
have been carried out are, respectively, 
on the island of Zante, and in Epirus in 
the vicinity of Dragopsa, twelve miles west 
of Yanina.

The occurrence of bitum en on the island 
of Zante was well known to the ancients, 
and the historian Herodotus, who visited 
the island in the fifth century before the 
Christian era, states th a t “ he had seen 
pitch drawn up out of a lake and from 
water in Zacynthus (Zante) ; and there are 
several lakes th e re ; the largest of them  is 
70 ft. every way, and two orgyae in depth ; 
into this they let down a pole with a m yrtle 
branch fastened to the end, and then draw

At Lintzi, or Loutra Kyllenes, on the west 
coast of the Peloponnesus directly opposite 
the island of Zante, exudations of petroli
ferous oil are recorded from Pliocene lime
stones. Lintzi is a popular summer resort, 
and connected by rail with Patras and 
Corinth. W ithin the same area, bituminous 
limestones of Cretaceous and Eocene age 
occur on the island of Cephalonia and on 
the m ainland of Greece in W estern Acarnania. 
Asphaltic limestones of Eocene age also 
occur on the islands of Paxos and Antipaxos

T h e  P a r t h e n o n  o n  t h e  A c r o p o l i s  b u i l t  o k  
M a r b l e  o r  M a s s i v e  L i m e s t o n e  f r o m  t h e  

Q u a r r i e s  o f  M o u n t  P e n t e l i c u s .

up pitch adhering to the m yrtle ; it has the 
smell of asphalt. They pour it into a 
cistern dug near the lake, and when they 
have collected a sufficient quantity , they 
pour it off from the cistern into jars. ” 
(Melpomene iv, 195). These shallow wells 
have been productive throughout the 
historic period, and a t the present day 
they still yield considerable quantities of 
pitch. The m aterial comes from the Upper 
Miocene and Pliocene limestones in the low- 
lying and m arshy district of Chieri, and 
within the last fifty years various borings 
have been made both by the Greek Govern
ment and an English Syndicate to investigate 
its  potentialities as a source of oil. W ells 
sunk within recent years to depths of about 
300 ft. are sta ted  to  have yielded both 
gas and oil in varying am ount, and storage 
tanks are in course of erection.

S t r e e t  S c e n e  i n  C o m o t i n i , W e s t e r n  T h r a c e .

to the south of Corfu. They are stated 
to have an average content of 14% of asphalt.

Of a similar nature are the asphaltic 
Nummulitic limestones of Marathos or 
Marathopoulis. These contain bands 
uniformly im pregnated with asphalt, the 
mean yield ranging from 7 to 8%. Marathos 
is a small port along the south-western coast 
of the Peloponnesus.

For the past few years preliminary 
investigations have been conducted in what 
appears to be a promising oil area in Northern 
Epirus.

Twelve miles to the west of Yanina, and
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at an altitude of about 6,000 ft., is a  long 
narrow defile trending north-north-w esterly 
for a to tal length of some forty miles. The 
southern portion of it is drained by the 
river Vyros, while in the northern half 
rises the Malitsa, which flows northerly 
to join the River Kalamas. For the greater 
part of its course, this rectilinear defile 
follows the course of a  prom inent line of 
overthrust, and in the vicinity of Dragopsa, 
the Flysch shales and sandstones of Lower 
Tertiary age come to rest on Miocene sand
stones. In  the la tte r beds, numerous exuda
tions of heavy and dark-coloured bitum inous 
oil have been observed, while small lenticular 
masses and pockets of solid bitum en also 
occur in the sandstone, particularly  along 
or close to  the line of over th rust. Several 
trial borings have been made to  depths 
ranging up to  220 ft. and from some of these 
small quantities of oil have been obtained. 
In  some cases the upper layers are associated 
with saline water, while small quantities 
of gas were also observed. Some of the 
lower beds of sandstone also contain 
abundant impregnations of bitumen.

At Phanari, near Trikkala, on the eastern 
slopes of the Pindus range and bordering the 
plain of Thessaly, shales w ith lenticular 
masses of bitum en occur interbedded between 
sandstones and conglomerates assigned to 
the Burdigalian or Lower Miocene formation.

There are numerous other scattered areas 
in which the occurrence of bitum inous 
materials have been recorded bu t whether 
of any economic im portance is doubtful. 
Thus at Vordo, in the Artinos or Arackthos 
valley in Etolia, thin lenticular layers of 
bitum en have been observed in Flysch 
sandstones associated w ith rock salt. Similar 
occurrences have also been recorded from 
Dremissa, near the headwaters of the river 
Cephissus in Central Greece, fifteen miles 
south of Lamia, and from the neighbourhood 
of Galaxidi, on the bay of Salona, and aloitg 
the northern shores of the Gulf of Corinth.

In  the Peloponnesus, th in  bitum inous 
shales occur associated w ith massive horn- 
stones of Triassic or Jurassic age a t Divre, 
Souli, Proussos, and G ranitsa in the neigh
bourhood of Mount Olonos ; while asphaltic 
limestones, probably of Eocene age, are 
recorded from the vicinity of Vamvokou, 
tw enty miles north  of S parta  in Laconia.

M a r b l e .—The relative abundance of so 
much pure marble in Greece contributed 
in no small degree to the general excellence 
of ancient Greek sculpture and architecture. 
The extensive quarries of Mount Pentelicus

to the north  of Athens furnished a m aterial 
of high purity  and suitable texture, and it 
was extensively employed in the erection 
of the Parthenon and other noble buildings 
in ancient Athens. These, along with other 
famous Greek quarries, lay  neglected for 
m any centuries and were first reopened 
by a B avarian sculptor, Seigel, some seventy 
years ago. Pentelicon marble is a singularly 
pure and beautiful stone adm irably adapted 
for s ta tu a ry  and public buildings. Though 
principally white the  quarries also yield 
a dark  blue marble term ed “ M elana" 
or ink marble. The quarries a t Mount 
Pentelicus are now owned by an English 
company who have an extensive plant, 
and a branch railroad has been constructed 
to  facilitate transport. Modern Athens and 
the Piraeus are largely bu ilt of Pentelicon 
marble.

In  the same district are the ancient quarries 
of Mount H ym ettus, which yield a greyish- 
blue marble veined with darker streaks, 
not so highly prized by the ancient Greeks. 
I t  appealed strongly, however, to the Roman 
fondness for colour and was somewhat 
extensively worked by them.

The famous “ Parian W hite ” marble 
from the island of Paros is finer grained 
than  Pentelicon m arble and is spotlessly 
white. The finest varie ty  known as 
“ Lychnites ” was so nam ed by the ancients 
because it was quarried underground by 
the light of a m iner’s lamp. Parian marble 
is largely worked out. Some years ago it 
was obtained from underground workings 
in the vicinity of Paroikea, bu t these quarries 
are now idle.

Several firms, including an English 
company, have also worked coloured marbles 
and serpentines on the island of Tenos, 
m ainly for interior decoration. The quarries 
on the island of Skyros are more important, 
and considerable quantities have been 
exported from time to time. These workings 
are equipped with modern machinery, and 
good facilities for transhipm ent have been 
provided. The several varieties of Skyros 
m arble include snow white from Colonnaes, 
red or yellow from Trisboukaes, and “ Skyros 
breccia,” or variegated marbles, from 
Valaxa, an islet off the south-west coast of 
Skyros.

In  Southern Euboea there are large and 
ancient marble quarries around Karystos 
and Stoura. The former yield “ cipillino,” 
a greyish marble w ith green veinings much 
prized by the Romans. The quarries near 
Stoura have been reopened in recent vears
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and the marble, extracted in great lengths, 
has been much used for ornam ental work.

In 1894 the original source of the famous 
green marble known as “ Verde Antico ” 
was rediscovered by Brindley, an English 
contractor, a t Kassamboli in Thessaly 
between Larissa and the Vale of Tempe. 
Here the ancients obtained large monoliths 
employed so effectively for decorative 
purposes in Rome and Constantinople. 
Many fine columns have been extracted 
and exported to America and W estern 
Europe.

Among other localities where marble 
has been quarried within recent years are 
the islands of Chios, Lesbos, and Naxos, 
and on the Peloponnesus in the Maina 
peninsula, and in the vicinity of Argos 
on the Gulf of Nauplia.

O t h e r  B u il d in g  M a t e r ia l s .—Fine
grained granite from the islands of Tenos, 
Seriphos, and Naxos have been quarried 
for decorative purposes, while trachytic 
rocks, which are very widespread on the 
Cyclades archipelago, have been extensively 
employed for building and paving stones. 
A whitish trachytic tuff on the island of 
Kimolos is also in considerable demand 
in Greece for doorposts and window lintels. 
In the Athens and Piraeus districts there are 
now two large cement factories employing 
local argillaceous limestone, with an annual 
output of over 60,000 tons. Volo has also 
become a cement-manufacturing centre for 
Thessaly and N orthern Greece, and Greek 
cement is now well known in the interior of 
the country.

The manufacture of bricks and tiles has 
also increased considerably within recent 
years. W hite clays for the m anufacture 
of common pottery  are worked in the 
vicinity of Athens, Thebes, Megara, Patras, 
and on the island of Siphnos. The p o tte r’s 
clay from which the ancient Athenians 
moulded their delicate yet comparatively 
strong vases came largely from the vicinity 
of Cape Kolias on the Bay of Phaleron. 
Modern A thenian potters obtain their 
material principally from Ampelokipi and 
Kalogreza.

Kaolin and china-clay come mainly from 
the islands of Melos and Kimolos, where 
they have been formed by the alteration 
of trachytes. Deposits of kaolin also occur 
on the islands of Antiparos and Mykonos.

At Reuma, on the island of Melos, a 
quartzose trachyte has been exploited for 
m any years for the production of millstones. 
About 50 tons are obtained annually.

P u z z o l a n a  a n d  P u m ic e .—Puzzolana con
sists of volcanic ash, which, when mixed 
with lime, forms an admirable cement for 
hydraulic purposes and has been in much 
demand for extensive harbour works. I t  
occurs in considerable quantities on the 
volcanic islands of Santorin (or Thera) 
and Therasia, and also on the neighbouring 
small islet of Aspronisi. The mining and 
preparation of puzzolana is in normal years 
an im portant industry on Santorin, and the 
annual production in recent years has 
averaged 60,000 tons. About 1,000 tons 
of pumice stone is also exported annually.

O t h e r  M in e r a l s .—One of the most 
im portant of these is native sulphur, 
of which about 2,000 tons is obtained 
annually. Practically the whole of this 
comes from the volcanic island of Melos. 
Since 1861 two private companies have been 
working native sulphur which occurs in 
large masses in a  porous trachyte in the 
vicinity of Mount Kalamo. The average 
content of sulphur in the m aterial from Melos 
ranges from 30 to 50%. Native sulphur 
also occurs a t several places in A ttica, on 
the Peloponnesus, and in several islands in 
the Tigean archipelago.

W ithin recent years, talc has been mined 
on a small scale in talcose schists a t Chortiati, 
near Salonika, and about 150 tons were 
obtained in the past year. Talc is also 
worked at Panormos on the island of Tenos 
and shipped to  Syra.

Bauxite is fairly widespread in the lime
stone regions of W estern Greece, and within 
recent years somewhat extended investiga
tions have been made to ascertain its probable 
value.

The little treeless island of Kimolos has 
from ancient times onwards yielded small 
quantities of fuller’s earth, locally known as 
Kimolian earth, but the industry is com
paratively unim portant.

In a similar manner alum has been worked 
on a very small scale a t Zephyria on Melos 
for centuries, and as early as the first century 
of our era we are informed by Pliny th a t 
“ the alum of Melos was reckoned next to 
tha t of Egypt. ”

Gypsum is worked by several small 
companies in Etolia, and also on the islands 
of Melos, Crete, Zante, Cephalonia, and 
Skyros.

The Greek State does not possess any salt 
deposits of economic importance, and the 
country’s requirements are met in part by 
evaporation in salt pans and also by im porta
tion from abroad.



THE GEOLOGY OF ROSKEAR SECTION
DOLCOATH MINE

By E. H. DAVISON, B.Sc., F.G.S.,
Lecturer on Geology and Mineralogy at the Camborne School of Mines

In  T h e  M in in g  M a g a z in e  for June, 
1926, the author described the geology of 
the Roskear shaft which at th a t tim e had 
been sunk to  a depth of 1,000 ft. Since 
th a t date the shaft has been extended to 
a depth of over 2,000 ft., and levels have 
been driven north  and south from the shaft 
a t depths of 1,700 ft., 1,900 ft., and 2,000 ft. 
respectively. Lodes have been cut, ore

Clay-Slate of Palaeozoic (Devonian ?) age ;
Epidiorite (Greenstone) sills penetrating 

the Clay-Slate and affected by the same 
fo ld ing ;

Granite which alters the Clay-Slate and 
Epidiorite ;

Veins of Pegm atite and Aplite ;
Dykes of Q uartz-Felspar-Porphyry which 

cut the Clay-Slate, Epidiorite, and Granite.

H e a d g e a r  a t  D o l c o a t h  N e w

has been developed, and tin  concentrate 
sold, so th a t the shaft has developed into 
a working mine which is unfortunately 
at a standstill at present owing to  lack of 
working capital.

The geological interest of this mine lies 
in  the fact th a t it gives an excellent section 
of the rocks overlying the granite. These 
rocks, over 2,000 ft. in thickness, are cut 
by the shaft and levels so th a t the contact 
metamorphism can be studied in detail.

The Roskear shaft lies nearly a mile to  the 
north of the granite outcrop of the Carn 
Brea ridge and about a quarter of a mile to 
the west of the great fault which runs north 
and south up the Tuckingmill valley. The 
rocks cut by the shaft and levels include 
the following :—

S h a f t , R o s k e a r , C a m b o r n e .

These rocks, w ith the exception of the 
pegm atites, aplites, and porphyries, have 
been altered by  the contact metamorphism 
resulting from the granite intrusion, the 
types of alteration produced varying with 
the rock and the distance from the granite 
surface. The chief alterations of the clay- 
slate, epidiorite or greenstone, and granite 
are described in the following paragraphs.

The clay-state, when seen fresh, outside 
the metamorphic aureole of the granite, 
is a blue-grey rock w ith irregular jointing 
and coarse cleavage. I t  dips away from the 
granite in a series of irregular isoclinal 
folds, th a t is, to the north  in the Roskear 
area.

At the top of the Roskear shaft (about 
300 ft. below surface) the clay-slate is of

154
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a dark blue-grey colour with well-developed 
spotting, the dark spots consisting of dark 
mica and iron ore. Cleavage is well defined 
and follows the dip to the north. Further 
down the shaft the slate hardens, cleavage 
becomes less distinct, and chiastolite and 
andalusite are developed, while lenticular 
films of pyrites and pyrrhotite occur, the 
la tte r possibly resulting from contact with 
the neighbouring epidiorite.

At still greater depths the slate becomes 
highly micaceous, cleavage entirely dis
appears, and tourm aline often occurs in 
considerable am ount. Some specimens taken

at a depth of 1,600 ft. or more show under 
the microscope the characters of a mica- 
schist with complexly folded folia.

W hen close to  the  granite the slate takes 
the form of either a dense flinty hornfels 
or a completely tourm alinized slate in which 
all the argillaceous constituents of the rock 
have been converted into tourmaline.

There was no sign a t any point of absorp
tion of the slate by the granite or of mag- 
matic stoping.

In the mine levels (1,700 ft. to  2,000 ft.) 
the slate is seen to  be a dark, almost black, 
rock with no cleavage but with irregular 
jointing, and its compactness is shown 
by the fact th a t w ith the exception of small

seepages from vein fissures the levels are 
absolutely dry.

The epidiorite, or greenstone, is cut by 
the shaft from surface to 300 ft. and from 
750 ft. to  950 ft. I t  was an exceptionally 
hard rock and made drilling operations slow 
and expensive. Its  impervious character, 
however, effectually cut off surface water and 
the water in the old mine workings nearby, 
so th a t the shaft was sunk and levels driven 
w ithout encountering any trouble from water.

The chief type of alteration in the green
stone is th a t in which the rock shows lenticles 
of red almandine garnet which run through

the rock forming one-third of its bulk. 
Associated with the garnet we find epidote, 
zoisite, pyrrhotite, and axinite, the last 
mineral sometimes occurring to  the exclusion 
of the garnet. Tremolite occurs in veins 
and lenticles and sometimes large lenticles 
of pyrrhotite occur.

A type of altered epidiorite th a t occurs 
with the garnetiferous rock is veined with 
pale green lenticles composed of epidote 
and albite.

The epidiorite is not seen close to the 
granite ; consequently we do not see any 
examples of intensely altered epidiorite 
such as the bleached and spotted rock which 
occurs near Penzance.

B o t t o m  o f  N e w  R o s k e a r  S h a f t .
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One narrow band of altered epidiorite was 
cut which contained much pink garnet 
in  idiomorphic crystals w ith dark mica, 
but this type was only seenjm ce, the band 
being only a few inches wide.

the slate was sharply defined and there was 
no sign of chilling in  the granite vein.

The main granite mass also showed a 
clear-cut contact with the slate. In  texture 
it is coarsely crystalline w ith ill-shaped

S e c t i o n  a r o u n d  R o s k e a k  S h a f t , D o l c o a t h  M i n e .

The granite mass was not cut in the shaft 
but veins of granite penetrating the slate 
were cut through and the main mass was 
cut in the 1,900 ft. and 2,000 ft. levels. 
The veins cut in the shaft were of both  fine 
and coarse-grained granite, the former usually 
containing tourm aline and occasionally 
molybdenite. The Contact of the vein with

felspar crystals and a little biotite, while white 
micas including muscovite and gilbertite 
were common. Tourmaline was of common 
occurrence bu t when it occurred no biotite 
was present. Samples of granite closely 
resembling the luxulyanite type occurred 
in veins, being composed of pink orthoclase, 
tourm aline, and quartz. The rock is
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irregularly jointed and shows pink felspar 
in the neighbourhood of the lodes.

Some of the granite veins showed m inute 
veinlets of granite m aterial penetrating 
the slate on either side.

In sinking the shaft m any veins of pegm atite 
and aplite were cut in the slate. The 
pegmatite veins were seen to  shade off into 
aplite and these into quartz veins, the 
following being some of the chief types 
observed :—

Pegm atite composed of very coarsely 
crystallized quartz, idiomorphic perthite, 
lepidolite mica, pink garnet, and occasional 
molybdenite. Also pegm atite composed of 
coarsely crystallized quartz, orthoclase, and 
tourmaline.

patches of tourm aline needles in a ground- 
mass similar to  th a t of the dyke above, 
but showing the translucent character which 
is found in the porphyry dykes cut well 
below the zone affected by meteoric water.

In  the 1,900 ft. level a dyke similar to 
the above was cut and several other small 
dykes were cut in the two lower levels.

After sinking the shaft, levels were driven 
a t the 1,700 ft., 1,900 ft., and 2,000 ft. 
levels, the first extending some 700 ft. 
south, the 1,900 ft. level over 900 ft. to  the 
south and 340 ft. to  the north, and the
2,000 ft. level 1,000 ft. to  the south and over 
700 ft. to  the north. Thus a considerable 
block of ground was opened up and a number 
of lodes cut.

Aplite of medium grain composed of 
quartz, orthoclase, and soda-lime felspar 
with lepidolite. Also aplite with a very small 
proportion of felspar and some pink garnet, 
Quartz veins with a little  scattered white 
mica.

As regards the quartz-felspar porphyry 
dykes, several of these dykes were cut both 
in the shaft and in the levels. At a depth 
of 500 ft. in the shaft a dyke was cut which 
was 30 ft. wide and dipped to  the north a t 
about 45°. I t  was composed of quartz 
and felspar phenocrysts in a micro
crystalline ground-mass of quartz, felspar, and 
sericitic mica.

At the 1,300 ft. level a dyke about 50 ft. 
wide was cut which was composed of pheno
crysts of quartz, felspar, and radiating

The 1,900 ft. level cut the granite main 
mass about 500 ft. to  the south of the shaft, 
while in the 2,000 ft. level the granite was 
cut a t about 400 ft. to  the south of the 
shaft. Thus the granite surface slopes to  the 
north at about 45°. I t  is significant tha t 
a num ber of the granite veins cut by the 
shaft dip to  the north, which suggests th a t 
the granite surface m ay rise to  the north 
or, a t any rate, slope a t a very gentle 
angle.

A number of lodes have been cut by the 
workings already driven and they carry 
such minerals as chalcopyrite, wolfram, 
mispickel, and cassiterite, which indicates 
th a t the levels of the mine are situated in 
the upper part of the tin  zone, and suggests 
th a t the tin  ore will probably extend to  a
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considerable depth below the level. Of 
the lodes cut two are w orthy of detailed 
description.

A complex lode 270 ft. north  of the shaft 
in the 2,000 ft. level consists of a  breccia 
of quartz and slate cemented by quartz 
and chlorite. The metallic minerals include 
mispickel, chalcopyrite, wolfram, cassiterite, 
and stannite with a little hem atite. The 
wolfram was often seen to  be altered to  pink 
scheelite along the margins, which reminds 
one of the Rogers lode at the 190 fathom  
level. In fact the whole character of the 
lode is very similar to  th a t of the Rogers 
lode which, as the situation of both lodes 
relative to  the granite was very similar, 
is just what one would expect.

An interesting feature in this lode is the 
occurrence of a lenticular vein of pegm atite 
in the lode itself running along the strike 
of the lode near the hanging wall. The 
pegmatite is composed of very coarsely 
crystallized quartz and pink orthoclase with 
cassiterite, mispickel, and chalcopyrite.

The south lode was cut in both the 1,900 ft. 
level and the 2,000 ft. level, and a t about 
700 ft. to the south of the shaft, the lode

being nearly vertical. I t  is thus in the 
granite mass and is composed of quartz, 
chlorite, and cassiterite, all these con
stituen ts being coarsely crystallized. I t  is 
a veinstone th a t would be easy to  concentrate 
in the mill as the cassiterite is coarse and 
the  veinstone m inerals would be easily 
separated when crushed. U nder the micro
scope th is veinstone is seen to  contain 
narrow veinlets of cassiterite, of later date 
than  the coarsely crystallized tinstone, which 
cut through all the coarsely crystallized 
minerals.

While the  lodes already cut are in several 
cases valuable ore-bodies the fact tha t the 
lower levels have only reached the upper 
part of the tin  zone indicates th a t deeper 
development is necessary and at the same 
tim e the fact th a t well defined tin-bearing 
lodes occur a t the  present levels makes it 
probable th a t the lode values will persist 
to  some depth below.

The author has to  acknowledge the kind 
way in which both  Mr. R. A rthur Thomas 
and Mr. J . C. Vivian have given him every 
assistance and facility in gathering material 
for th is article.

LETTER t o  t h e  EDITOR
C u b ic  M a g n e tite  an d  H e m a tite

The E ditor :
S i r ,— I read with interest Mr. J . B .  

Scrivenor’s le tter on “ Cubic M agnetite and 
Hem atite ” which was published in your 
January  issue. Since there seems little  doubt 
th a t the cubes referred to  are pseudomorphs 
of magnetic hem atite after pyrite, it has 
occurred to  me th a t the change m ay have 
taken place in two stages, thus :—

| Hem atite or j
Pyrite-»-- H ydrated Oxide e.g. --»-Magnetite 

I Limonite,Gothite,etc. I
As regards the conversion of pyrite into 

hem atite or limonite, this is common enough 
in  the zone of weathering and m any examples 
of such pseudomorphs have been recorded 
from all parts of the world ; the second 
change, however, namely, th a t of the con
version of hem atite into m agnetite, seems to  
demand therm al action of some kind. Pure 
dry  ferric oxide on heating in air to  about 
1,000° C. undergoes conversion into ferroso- 
ferric oxide (magnetite), a change th a t may 
be represented by the following equation :—

6Fe20 3 (at 1,000°C) - 4 ( F e 20 3.F e 0 ) + 0  2

This reaction is retarded by large amounts 
of alum ina or other oxides, but the presence 
of reducing agents lowers the conversion 
tem perature very considerably. Thus, 
Moissan found th a t, in presence of hydrogen, 
the  change could be effected at 350°-400° C., 
and it seems highly probable tha t other 
reducing agents such as sulphur, carbon
aceous m atter, and possibly superheated 
steam  would also act in a similar manner. 
W hether the  conversion into magnetite was 
complete or only partial would depend upon 
the quan tity  (and potency) of reducing agents 
present and also upon the tem perature and 
its duration.

In  connection w ith this m atter I note that
C. R. Van Hise in his “ Treatise on Meta
morphism ” (Mon. U.S. Geol. Survey, Vol. 47, 
1904, p. 229) states th a t m agnetite can form 
from marcasite, pyrite, and from the oxida
tion of siderite in place.

I th ink it highly probable, therefore, that 
the cubes Mr. Scrivenor mentions were 
originally pseudomorphs of hem atite (or 
limonite, etc.) after pyrite which have suffered 
partial conversion into m agnetite by thermal 
matamorphism.

C. S t a n s f ie l d  H it c h e n . 
Royal College of Science, London, S.W. 7.

February 9.



MARCH, 1929 159

BOOK REVIEWS
T h e  N o m e n c la tu r e  o f  P etro lo g y . By

A r t h u r  H o l m e s , D .S c ., A .R .C .S c .,
D.I.C., F.G.S., Professor of Geology, the 
University, Durham. Second edition. 
Cloth, octavo, 284 pages. Price 7s. 6d. 
London : Thomas Murby & Co.

Nine years ago, when the first edition 
of Professor Holmes’ “ Nomenclature of 
Petrology ” was published, the author made 
available to puzzled students, and to 
geologists greatly  perplexed by scores of 
long cacophonous petrological terms, a 
volume which has now become firmly 
established as a standard work of reference 
occupying a prom inent place on their book
shelves. The only previous independent 
publication of this kind was the Lexique 
Petrographique of Loewinson-Lessing, 
published in Paris in 1901, and the introduc
tion of numerous new term s in the two 
decades following th a t publication, had 
rendered it a very inadequate guide through 
what Holmes aptly  term s “ the somewhat 
tangled forest of nam es.”

Except for bizarre terms, odd prefixes, 
and cumbersome combinations th a t fortu
nately have been jettisoned by leading 
petrologists, the original volume contained 
practically every technical term  used by 
modern petrologists in reference to igneous, 
sedimentary, and metamorphic rocks ; their 
textures and structures ; and term s used in 
relation to  igneous bodies and rock 
occurrences. These terms, arranged alpha
betically, are defined briefly bu t sufficiently 
comprehensively to express clearly their 
meaning. In  the m ajority of cases the name 
of the introducer of the term , and useful 
references to literature dealing w ith the rock 
defined, are added.

Besides being a standard  work of reference, 
the volume has played an im portant part 
during the last few years in limiting the 
elasticity of petrological terms, and in 
discouraging the use of such outlandish 
words as “ hydrosilicirudyte,” “  rhomfels- 
pvralisyenite,” and “ eudoegi-midalkalite.” 
On the other hand, the author has wisely 
advocated the use of descriptive names 
like " biotite-hornblende-granite,” “ grano- 
diorite,” and “ trachyandesite ” which are 
self-explanatory. In  this connection Pro
fessor Bonney’s words are very relevant: 
“ Time is not so valuable, or paper and 
printing so expensive, th a t we should ta lk  
or write ‘ gibberish ’ to save a few letters.”

Very useful appendices are given contain
ing translations of French and German 
pétrographie terms, and the meaning of 
Greek and Latin  words th a t have been used 
as prefixes and roots in compounding petro
logical names.

The call for a new edition has provided the 
author with the opportunity  for making a 
few corrections and two or three slight 
modifications. A number of new term s have 
been introduced during the last eight years 
into petrological literature, bu t for the most 
part these are of minor im portance and have 
not been incorporated in the second edition. 
The author decided th a t the needs of 
students would best be served a t this stage 
by a re-issue of the original, suitably revised, 
particularly as the  adoption of this course 
made possible a reduction in price.

The reviewer has seen this standard 
dictionary of petrological term s on the book
shelves of geologists in five different countries, 
and he is strongly of opinion th a t for a 
book th a t is so widely d istributed on the 
continent, and in America, the publishers 
have been extremely unfortunate in their 
choice of paper and type.

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

F ie ld  a n d  C o llie ry  S u r v ey in g  : A Text- 
Book for Students of Mining and Civil 
Engineering Surveying. By T. A. 
O ’D o n a h u e  and T. G. B o o k in g .  
Second Editon. Cloth, octavo, 340 
pages, illustrated. Price 10s. 6d.
London : Macmillan and Co., Ltd.

Consisting of 24 chapters and some 
appendices and including 232 excellent 
figures, this work deals, among other 
m atters, w ith the surveyor’s office, 
geometry, m ensuration, trigonometry, surface 
surveying, dialling, theodolitic traversing, 
levelling, calculation of areas and volumes, 
ordnance maps, geological maps, setting- 
out, m athem atical tables, the Coal Mines 
Act, and exam inations for surveyor’s 
certificates.

The aim of the book is plainly stated  in 
the preface. The scope is displayed by the 
sequel. W ritten by men well acquainted 
with colliery surveying, this a ttractive and 
handy volume will be particularly  useful to 
those desirous of obtaining qualifying 
certificates, even though their previous 
m athem atical training m ay have been some
what meagre.
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The authors disclose a sym pathetic desire 
not only to instruct the student but also 
to  interest him. While using a style simple, 
clear, and convincing, they intersperse 
the tex t with an abundance of adm irable 
figures and a number of arresting historical 
statem ents. Frequently their treatm ent is 
concisely sufficient and at times almost 
generous. And they are to  be congratulated 
on the improvement effected in th is latest 
edition.

Yet a t the same tim e it m ust be regretted 
th a t the authors at the end of their preface 
say they believe th a t the revised book covers 
the chief requirements of students and 
teachers of mining and civil engineering 
surveying. How can it ? Many of the 
fundamentals of whole branches of such 
surveying are not even mentioned. The 
chapter on the theodolite occupies only 
12 pages, th a t on theodolitic traversing 
17 pages, and the section on theodolitic 
triangulation about 2 pages ; while correla
tion is disposed of in 4 pages and plane- 
tabling in 2. And how can the subtitle 
hold ? Visualized m ust be the steeply 
inclined shafts, winzes, and stopes of many 
of our great mines, the intricate excavations 
recently completed a t Piccadilly Circus 
and the vast oil-fields and mining areas 
abroad. The substitution of the words 
“ a few of the ” for “ the chief ” near the  end 
of the preface and the deletion of the sub
title would have pu t the  authors square in 
this regard. I t  would, too, have been 
better just in a small way if the misleading 
“ slightly ” on p. 71 had  been om itted and 
the maximum of 540° stated  or h inted at ; 
if the dubious statem ent on p. 139 about 
the placing of the “ upper level ” had been 
a b se n t; if some more appropriate term s than  
“ spider’s hairs ” on p. 138 and “ parallel 
glass ” on p. 142 had been chosen ; and 
if generally inconsistency in the nam ing of 
instrum ent parts had been avoided by 
following the best British practice.

In  spite of these criticisms m ainly directed, 
be it noted, not a t the body of the book but 
at its appendages, it m ust in all fairness be 
stated tha t the book is a  sound work w orthy 
of praise ; worthy also of a place in any 
library of mine-surveying books ; and w orthy 
of appreciation by those for whom it was 
primarily intended, the prospective colliery 
surveyors in Great Britain.

F .  W . A r m s t r o n g .

In  reviewing T h e  G e o lo g y  o f  P e tr o le u m  
a n d  N a tu ra l G as in last m onth’s issue, I 
referred to the fact th a t the cover and  title 
page gave the nam e of English publishers, 
whereas the book was an A m erican produc
tion. I would like to m ake it perfectly clear 
th a t I had no intention  of giving offence to 
tiie firm in question, nor, in view of the name 
of the American publishers being given on 
the reverse of the  title  page—to which I 
referred—was there any question in my 
mind as to  a desire on the part of the 
English firm to mislead prospective buyers. 
I am  assured th a t the usual practice was 
followed in this case, and it is s ta ted  that it 
enables buyers here and on the Continent 
to  secure books more prom ptly  than  would 
otherwise be possible. A t the same time I 
feel it would be be tte r if in cases of this 
character the nam es of the  American 
publishers were given on the cover and 
title page as well as those of the  London 
selling agents.— M u r r a y  S t u a r t .

a » -C o p ie s  of the books, etc., mentioned under the 
heading ‘ ‘ Book Reviews ” can be obtained 
through the Technical Bookshop of The Mining 
Magazine, 724, Salisbury House, London, E.C .2.

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

January  7, 1929.
R e c o r d  G o l d  O u t p u t .— I t  appears that 

30,598,754 tons of ore were milled in 1928 
to  produce the T ransvaal’s record gold 
ou tput of 10,358,596 ounces, valued at 
¿43,537,290. Compared w ith the correspond
ing figures for 1927, there is an increase of 
969,497 tons in the ore milled, and the total 
yield is 227,966 ounces greater. But the 
year’s profit of ¿13,030,200 shows a decrease 
of ¿110,000. The revenue per ton milled is 
3d. down, and as the working costs per ton 
are a penny higher, the profit per ton for 
the year shows a decrease of 4d. At 
¿8,458,693 the to ta l of the dividends declared 
is ¿35,320 higher than  in 1927.

E a s t  G e d u l d  M i n e s .—According to the 
latest official information, highly satisfactory 
values continue to be disclosed by the East 
Geduld Mines in its lease area, and the 
opinion is expressed in R and mining circles 
th a t this company will probably become as 
good a dividend payer as its prosperous 
western neighbour, the Geduld Proprietary 
Mines. At present development of the East
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Geduld Mines area is being done from the 
eastern workings of the Geduld Proprietary 
Mines, but it is generally believed th a t shaft 
sinking will shortly be started .

POSTM ASBURG M A N G A N ESE F lE L D .— A  

group of British iron and steel m asters has 
made arrangem ents w ith the Union 
Manganese Mines and Minerals, L td ., where
by the large deposits of manganese ore in 
the Postm asburg districts will be developed 
provided the Union Government comes to  a 
businesslike arrangem ent for the construction 
of a railway from the fields to the main line. 
The original intention was to  send the ore 
to E ast London for shipm ent, bu t it has 
since been ascertained th a t D urban is the 
better and cheaper port, although the 
distance over which the ore will have to be 
carried is nearly 40 miles greater. I t  is 
stated th a t the cost of transporting the ore 
from Postm asburg to D urban will not exceed 
12s. 6d. per ton and th a t a profit of 15s. per 
ton of ore is anticipated.

N it r a t e s  in  S o u t h -W e s t  A f r ic a .— It 
was reported recently th a t extensive n itra te  
deposits had been discovered in the Marien- 
thal region, South-W est Africa. The facts, 
as obtained from official sources, are th a t 30 
base mineral prospecting claims, aggregating
2,500 acres, were pegged out by the dis
coverer and his associates who then applied 
for a concession over an area in the vicinity. 
The application was refused. W ith the object 
of preventing a rush of promiscuous pegging 
and of enabling the A dm inistration to deal 
with these deposits in the most advantageous 
manner, it was decided th a t if, on further 
examination, the deposits were found to  be 
of value, the whole area in which there 
appeared to  be any likelihood of the finding 
of nitrates would be closed to  pegging and 
prospecting for this and allied minerals un til 
further notice. The extent and value of the 
discovery have still to  be proved. From  other 
sources it is gathered th a t the deposits are 
on the face of cliffs along a river. N itrate 
deposits are known to exist in other parts of 
Southern Africa, including Rhodesia, bu t 
they are too small to  be of any commercial 
value.

S o u t h  A f r ic a n  P it c h b l e n d e .—There is 
very little  fresh inform ation regarding the 
results of operations a t the property of the 
South African Radium  Company, in 
Gordonia, Cape Province, bu t interest has 
been revised in the venture by the publica
tion here of cable messages from London 
sta ting  th a t a  com m ittee of the British

Cabinet is paying particular atten tion  to 
developing Empire sources of radium , and it 
has been suggested th a t th is committee, or 
the Im perial Institu te , should investigate the 
possibilities of the Gordonia pitchblende 
deposit, concerning which the Union D epart
m ent of Mines and Geological Survey seem 
to have little or no first-hand information. 
If this discovery had been made in Canada 
or Australia, Government geologists would 
have been instructed  to  report upon it 
immediately, and the public would have been 
placed in possession of reliable inform ation 
as to  extent of the occurrence and its value, 
bu t hitherto  no such action, I am told, has 
been taken by the  Union Government. I t  is 
known, however, th a t R and geologists have 
made favourable reports on the Gordonia 
deposit, and th a t samples of the ore have been 
analysed by the Royal Mint, Pretoria, De 
Beers Consolidated Mines, Kimberley, and 
R and firms, which returned highly satis
factory results. The German Radium  
Company, in Berlin, has also tested the 
ore, and has offered to  handle the whole 
output. Development work on the deposit 
is said to be making very good progress, and 
it is probable th a t w ithin the next three 
months a considerable quantity  of the ore 
will be sent to Germany.

P r e m ie r  D ia m o n d  M i n e ’s T u n n e l .—The 
Prem ier Diamond Mine, near P retoria, has 
been described as “ the world’s greatest 
glory hole.” I t  is the largest diamond mine 
ever known, and has produced the biggest 
diamond ever discovered—the Cullinan, 
portions of which are now amongst the 
British Crown jewels. In  view of the depth 
which has now been atta ined  in the open
cast workings, and having regard to  the 
fact th a t the present main incline cannot be 
continued indefinitely w ithout encroaching 
unduly upon the working area which would 
otherwise be available in the mine, the 
question of hauling arrangem ents for the 
future was recently discussed. After m ature 
consideration of all the circumstances, and 
viewing the position from every aspect, it 
was eventually decided, w ith the con
currence of the Government, which owns 60 
per cent, of the mine, to  sink an incline tunnel 
in the country rock outside the mine, on the 
north side. The dimensions of this incline 
tunnel are 15 ft. by 7 ft., and it is being sunk 
on the same grade as the existing main 
incline, namely 1 in 5. W hen completed, it 
will be equipped with mechanical haulage 
by which means the ground will be hauled
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from the mine as a t present. The incline 
tunnel will be driven 4,000 feet in the first 
instance, and thereafter gradually extended 
to meet requirem ents as the depth of the 
mine increases. It is anticipated th a t the 
work will be completed at the end of June, 
1930. As soon as the new tunnel is available 
it will permit of the removal of the block 
of blue ground in the centre of the mine, 
between the 360 ft. and 560 ft. levels, con
taining, approximately, 6,000,000 loads, at 
present supporting the main haulage incline 
and approach thereto, a factor which will 
greatly facilitate future development work 
and prolong the life of the mine as an open 
cast proposition for many years.

T r a n s v a a l  N ic k e l  a n d  C o p p e r  D e 
p o s it s .—Development of the nickel and 
copper deposits in the norite complex west 
of the Pilandsberg, Rustenburg district, 
down to a depth of 350 ft. vertically (at 
which depth no visible alteration in behaviour 
is noticeable), has proved them  to be no mere 
surface deposits, bu t th a t they appear to  
have a  deep seated origin, and it is also 
reasonable to  suppose, judging from the 
consistent nickel values obtained right down 
to the lowest point, th a t the m etal contents 
will show similar results in depth. Develop
ments to  date have also proved th a t whereas 
the deposits are not very large individually, 
they are of sufficient size and q u an tity  to 
constitute a sound mining proposition, and 
tha t there is here the nucleus for a local 
mining industry which m ay eventually 
produce enough of th a t m etal to  satisfy the 
requirements of this country and leave a 
handsome margin for export purpose.

Mr. E. R. Schoch, M.Inst.M.M., who has 
been conducting development work on the 
ore bodies, says th a t individually they  have 
no direct connection, the one with the other, 
so far as developed, and are scattered at 
random along the zone of differentiation. 
They have been followed along a line of strike 
of approximately 16 miles. The strongest 
surface indications have been found on the 
farm Vlakfontein No. 902, and here most of 
the exploration and development have been 
done. In shape, the ore deposits are best 
described as sausage- or pipe-like bodies, 
roughly circular in cross section, and gener
ally with no sharply defined walls, the ore in 
most cases becoming less massive tow ards the 
outer periphery. The pipes are more or 
less vertical, with occasional finger-like off
shoots into the country rock. As m ay be 
expected in a disturbed area, the ore in

places is cut off by  faults, bu t generally 
speaking the vertical continuity  of the ore 
bodies is rem arkable and invites discussion 
as to their mode of origin. Incidentally 
the ore bodies are also traversed by diabase 
dykes. The la tte r are of more recent age 
than  the deposits themselves, and have 
scarcely influenced their appearance and 
tex ture  a t the points of contact.

A rem arkable feature of th e  deposits, Mr. 
Schoch says, is the  com paratively uniform 
distribution of the nickel contents in the 
ore bodies. The copper varies w ithin wider 
limits. I t  is true th a t there are sections here 
and there where the nickel values vary 
considerably, e.g. on the 300 ft. level of No. 4 
ore body where values up to  10% were 
encountered in one section as against 1% 
in another, bu t generally speaking they are 
consistent w ithin reasonable lim its, and this 
augurs well for developm ent a t greater 
depths. The average grade of the ore so far 
developed is roughly 3 '5%  Ni and 1% Cu. 
In  this connection it is notew orthy tha t the 
Sudbury N i : Cu ratio  is 2'5 : 1 as against 
3'5 : 1 a t Vlakfontein. The regularity is 
rem arkable in view of obvious heavy leaching 
action. Assaying reveals secondary enrich
ment, bu t the redeposition is very gradual 
downwards, w ithout perceptible boundary. 
The underground water level seems to have 
fluctuated considerably from time to time 
which largely accounts for this. The present 
w ater table is a t about 50 ft.

A l l u v ia l  T in  in  R h o d e s ia .—It is 
reported from Salisbury, Southern Rhodesia, 
th a t after prospecting a large alluvial tin 
field for two years the members of a local 
syndicate known as the Jack  Tin Mine, Ltd., 
have now installed p lant and machinery and 
have commenced operations along the banks 
of the M tuka Nuli River, 23 miles north-west 
of Salisbury. The property embraces both 
banks of the river for over six miles to a 
depth  on either side of about 300 yards. A 
m onitor is being used to dislodge the over
burden to  a depth of from three to seven 
feet where the alluvial tin  gravel is found in 
quan tity . For the present 300 or 400 cubic 
yards will be washed daily. I t  is estimated 
th a t the gravel and over-burden will return 
4 lb. weight of tin  to the cubic yard, while 
pannings taken this week go as high as 
15 lb. to the cubic yard. W ater is plentiful, 
and five dams have been erected on the river.
A trial shipment of over two tons of concen
trates has already been sent to London. 
The syndicate has pegged further ground to
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the south of the present proposition, and has 
now found a tin lode.

S o u t h  A f r ic a n  G e o l o g y .—An exceed
ingly im portant volume dealing w ith the 
geology of the Union of South Africa has 
been contributed by three leading South 
African authorities to  the “ H andbuch der 
Regionalen Geologie,” published at Heidel
berg, Germany. The authors of this contribu
tion are Dr. A. W. Rogers and Dr. A. L. 
Hall of the Union Geological Survey, Dr. 
P. A. W agner and Dr. S. H. H aughton. The 
volume contains many illustrations, a special 
feature being the full-page outline maps of 
geological formations, which take the place 
of the coloured geological maps usually found 
in works of this nature. Maps showing the 
physical divisions of the Union and of the 
platinum deposits of the Bushveld Complex 
are also included. Dr. Rogers contributes 
chapters on Morphology, the Geological 
History of South Africa, the W itw atersrand 
and Ventersdorp Systems ; Drs. Rogers and 
Hall jointly deal with the Swaziland System, 
and Dr. Hall w ith the Transvaal-N am a 
System, the Bushveld Igneous Complex, and 
the W aterberg-M atsap System. Dr. 
Haughton deals w ith the Cape System, and 
Drs. Rogers and H aughton jointly w ith the 
Karroo and Cretaceous Systems. Dr. W agner 
deals with the Kimberlite and other volcanic 
pipes, and contributes a lengthy chapter on 
Economic Geology which constitutes the 
most comprehensive and im portant account 
of the economic geology of South Africa 
hitherto published.

TO R O N TO
February 14.

E x p a n s io n  o f  t h e  C o p p e r  I n d u s t r y .—  
The notable development of the copper 
mining industry will be further stim ulated 
by the establishm ent of two copper refineries 
in Eastern Canada according to  official 
announcement. The N oranda Mines, Ltd., 
operating a sm elter in the Rouyn area of 
Quebec in association with the British 
Metals Corporation, and the Nicholas Com
pany of New York, will erect a copper 
customs refinery, a t or near the city  of 
Quebec, a t an estim ated cost of $3,000,000. 
f t  will be operated by a new company under 
the name of the Canadian Copper Refineries, 
Ltd., in which N oranda Mines, L td., will 
retain a controlling interest. The Noranda 
Smelter is now operating a t a capacity of

1,000 tons a day, which will enable the new 
refinery to  receive 100,000,000 pounds of 
copper per year from th a t source in addition 
to customs work. The erection of a zinc 
refinery in the same locality is also fore
shadowed. The other refinery will be erected 
by the Consolidated Mining and Smelting 
Company, L td., in conjunction w ith Ventures, 
L td., controlled by the Lindsley interests of 
New York which has extensive holdings in 
the Sudbury district of Ontario. I t  is to be 
situated somewhere in Eastern Canada but 
the location has not yet been made public. 
An electrolytic zinc reduction works is 
included in the programme. The plants will 
be designed and built by  the metallurgical 
staff of the Consolidated company, and will 
be arranged so as to allow extensions being 
readily and economically made. The only 
other copper refinery in Canada is th a t of 
the Consolidated Mining and Smelting Co. 
a t Trail, B.C., so th a t h itherto  the ou tput of 
the mines in eastern Canada have had to be 
shipped across the line for refining in New 
Jersey.

P o r c u p in e .—The output of the Porcupine 
gold field during December was valued a t 
$2,030,729, as compared with $1,923,228. 
The to ta l production for the year am ounted 
to $20,384,341 as compared with $23,681,642 
for 1927, a decrease of 14'9%. The Dome 
Mine is now producing at the rate of about 
1,550 tons per day, w ith a recovery of over 
$7'50 per ton. The to tal production of 1928 
am ounted to $3,914,883, as compared with 
$4,031,477 for the previous year, operating 
costs showing a reduction from $4'06 to  
$3'85. The M cIntyre is now treating  about
1,500 tons of ore daily, with an average 
recovery of about $8 per ton. Its  plans for 
expansion are making good progress, and the 
deepening of No. 11 shaft has resulted in the 
discovery of some im portant ore deposits. 
The Vipond has m aterially improved its 
position by the opening up of an extensive 
ore deposit encountered on the 500 ft. level 
on which lateral work is being conducted on 
four levels. This has more than  doubled the 
ore reserves, and justified a comprehensive 
scheme of development on the unexplored 
area of the mine. The milling capacity is 
being increased to  300 tons per day. The 
Ridgedome Mines which owns 76 claims 
situated 4J miles south of Timmins, has 
begun development operations. Strong veins 
have been found on the property on one of 
which a shaft is being sunk, 100 ft. being the 
first objective. The geological formation is
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similar to th a t of the producing mines of the 
district.

K ir k l a n d  L a k e .— The falling off in the 
yield of the Porcupine mines has been 
partially  counterbalanced by the increase of 
the Kirkland Lake output from m onth to 
month. During December the value of the 
production was $1,032,007 as compared w ith 
$1,016,467 for November. The to ta l pro
duction of $12,165,003 for the year showed 
an increase of 25% over the $9,727,605 for 
1927. The average grade of the ore treated  
in this camp is about $15, with a recovery 
of nearly $13. New machinery is being 
installed at the Lake Shore, which in a short 
time will increase the rate of production to 
about 1,300 tons daily. Mill heads average 
about $18 per ton from ore coming largely 
from development. Good progress is being 
made with the sinking of the new shaft, which 
has reached a depth of 1,450 ft. When the 
objective of 2,000 ft. is reached, a connection 
will be established on th a t horizon w ith the 
old shaft. The Sylvanite has cut a  rich vein 
5 ft. in width, coming in from the Tough- 
Oakes property adjoining, assaying over 
$400 per ton. At the K irkland Lake Gold 
Mine, lateral work a t the 3,200 ft. level is 
giving encouraging results. The diabase 
dyke which yielded high values on the 
adjoining Teck-Hughes property is dipping 
in to the mine, bu t it will be necessary to 
carry work to greater depths, possibly to
5,000 ft. At the W right-Hargreaves the mill 
is handling about 700 tons of ore daily, and 
deeper mining is bringing good results, some 
very high grade ore having recently been 
encountered in the lower levels. W hile 
production a t the Teck-Hughes is being 
steadily m aintained the work of shaft sinking 
is actively progressing, the objective of the 
Central shaft being 3,000 ft. A good s ta rt 
has been made on the new south shaft which 
will be pu t down to 3,600 ft. The mill is 
treating about 900 tons a day. An investiga
tion into the affairs of the Tough-Oakes- 
Burnside, undertaken by the A ttorney- 
General’s departm ent of Ontario was recently 
made by J. A. Reid. His report states th a t 
the original Tough-Oakes section appears to 
be definitely worked out, and the develop
m ent work on the lower levels had led to  no 
im portant discoveries. The report severely 
criticizes the manager Alan S tuart and states 
th a t inspection of the mine records show a 
remarkable paucity of da ta  relating to  the 
lower workings. Active work is in progress 
a t the Moffatt Hall, Ritchie, Murphy, Lebel

Ore, and other mines in the eastern section 
of the camp.

S u d b u r y  D is t r i c t .—The merger between 
the In ternational Nickel Company and the 
Mond Nickel Company under the name of the 
In ternational Nickel Company of Canada has 
now been completed, and is anticipated to 
result in increased economy and efficiency 
in operations. W ork on the Frood ore body 
on the 1,600 and 2,400 ft. levels has proved it 
to be considerably wider and richer than was 
anticipated  by the m anagem ent. The total 
ou tpu t of nickel contained in m atte  from the 
smelters of the Sudbury d istrict in 1928, 
was approxim ately 45,000 tons or 90,000,000 
pounds. The ratio  of copper to  nickel of the 
Frood ores, so far as can be seen from 
developments to date, will be approximately 
10 to 6. W hile m aintaining the present rate 
of nickel ou tpu t therefore the combined 
nickel companies will be able to produce 
approxim ately 150,000,000 pounds of copper, 
a t the same time. Development a t the 225 ft. 
level of the Falconbridge has confirmed the 
results of diam ond drilling, the ore deposit 
where intersected showing a w idth of 73 ft. 
System atic sampling over the entire width 
has commenced. Plans are in preparation for 
the construction of a 200 ton smelter, which 
it is hoped to  have in operation by the end 
of the year. A supply of electric power has 
been contracted for. Sudbury Basin is 
conducting an active diamond-drilling 
campaign on its property a t Vermillion Lake, 
where an ore-body of 800 ft. in length has 
been indicated w ith good values in copper, 
lead, and zinc.

P a t r ic ia  D i s t r ic t .—The new gold camp 
of Shoniah Lake promises to  be the scene of 
widespread activ ity  during the coming 
season. Prospecting has been greatly 
facilitated by the aircraft and traction 
services. Mining claims have been solidly 
staked out for a length of approximately 14 
miles, over an average w idth of three miles. 
The frequency with which gold-bearing veins 
have been discovered within such a wide 
territo ry  is a feature characteristic of this 
section, whereas in the Red Lake field, 
discoveries were confined to a comparatively 
lim ited area, and were not followed by an 
extended staking boom. The Bathurst is 
carrying on active development and has 
encountered high-grade ore on the 200 ft. 
level. A new hoist has been ordered which 
will increase the capacity of the mining 
plant. A t the Howey the grade of ore shows 
encouraging im provem ent, and higher values
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than  those obtained from development are 
indicated by diamond drilling. W ith the 
improvement of transportation  facilities now 
being arranged, the company will be enabled 
to bring in the machinery for its  mill, which 
will have a  capacity of 500 tons. Following an 
investigation into the affairs of the Jackson- 
Manion, H. E. H arcourt, President of the 
company, and D. N. Thompson, Mine Super
intendent, were arrested and charged with 
fraud. The case is still pending, the accused 
being released on bail.

M a n it o b a .—W ork is being actively carried 
on at the Sherritt-Gordon and Mandy 
properties, with satisfactory results. A t the 
Flin Flon no development is a t present 
being undertaken. W ork being concentrated 
on the construction of the  hydro-electric 
development a t Island Falls which will 
supply power to the mine. The tin  dis
coveries recently made in the Lac du Bonnet 
district are being explored. The Jack  N u tt 
Mines, L td., which owns two large groups of 
claims, has two crews of men a t work. 
The M anitoba Tin Company which owns 
the original discovery has a force of men 
engaged in stripping and trenching.

V AN CO UVER
February 9.

V a n c o u v e r  I s l a n d . —  The mineral 
development of Vancouver Island has been 
retarded by the immense concession granted 
to the Esquim alt and Nanaimo Railway 
Company, a subsidiary of the Canadian 
Pacific Railway Company, as consideration 
for constructing the line. Prospectors have 
spent considerable tim e in the field, only to 
find th a t the claims they have located are 
within the railway belt and the Government 
is powerless to  give them  title  to  the 
properties. This has discouraged the 
individual prospectors, and the railway 
company has shown no inclination to develop 
its holdings. Recently, however, this 
condition has changed to  some ex ten t and 
now a good deal of a tten tion  is being given 
to properties on Vancouver Island, outside 
the railway belt.

British Metal Corporation recently has 
bonded the Gabbro group of 23 claims, 
situated at the southern end of the island 
and adjoining the Sunloch mine which is 
controlled by the Consolidated Mining and 
Smelting Company of Canada. L ittle

development has been done on the p ro p erty , 
but, it is contended, surface development has 
dem onstrated th a t the Sunloch shear zone 
extends into Gabbro territory , and a t one 
point the underground development in the 
Sunloch extends up to  the Gabbro line. The 
term s of the agreement have not been made 
public, but it is known th a t B ritish Metal 
Corporation in order to  keep alive its  option 
m ust spend $5,000 per m onth on develop
ment during the next four years. Some of 
the surface exposures on the Gabbro show 
heavy mineralization, the chief minerals 
being pyrrhotite , pyrite, and chalcopyrite. 
Assays are said to  run  up to  4% of copper 
and 0'5%  of nickel.

Quatsino Copper-Gold Mines has started  
to explore its  consolidation of 33 claims, 
situated  along the E lk  River and adjoining 
the Old Sport Mine, which is being developed 
by the Consolidated Company. The company 
has two diamond drilling crews at work, and 
is driving a tunnel to open a t depth a 
promising outcrop of copper ore.

Subject to  ratification by the share
holders a t a  special general meeting called 
for the purpose, Caledonia Mines has given 
an option on its property, situated  near 
Port H ardy, on the north-east coast of the 
island, to the Consolidated Company. The 
term s have not been made public. The 
company owns six claims, on which a lode 
10 to 30 ft. wide and well mineralized with 
sphalerite and chalcopyrite, has been exposed 
for 300 ft. by  five open-cuts and opened at 
a depth of 80 ft. by  a tunnel and drift.

Pacific Tidewater Mines, which is backed 
to an unknown extent by British Metal 
Corporation, has continued the development 
of the Indian Chief Mine, a t Sidney In le t, 
on the west coast and the Tyee-Lenora Mine, 
a t Mount Sicker, on the east coast. I t  has a 
considerable body of bornite ore developed 
a t the former and zinc-copper ore a t the 
latter.

T h e  K o o t e n a y s .—The Mining Corpora
tion of Canada has purchased a 35% interest 
in the Monarch and Kicking Horse groups, 
near Field, the remaining interest being held 
by Goldfield Consolidated Mines Company. 
The properties comprise nearly two square 
miles of mineral claims, situated in rugged 
country on either side of the Kicking Horse 
River. They have been under steady develop
m ent for nearly four years and between
300,000 and 400,000 tons of lead-zinc ore 
with a low silver content has been developed 
in three ore-zones, ranging from 60 to  125 ft.

3—5
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wide. The W est Monarch ore zone has an 
average width of 125 ft., and has been 
exposed for a length of 700 ft. and depth of 
23 ft. I t  carries 15% lead, 12% zinc, and 
rather less than  two ounces of silver. The 
East Monarch zone has been exposed for a 
length of 140 ft. w ith the face of the drift in 
ore, 60 ft. in w idth and 23 ft. in depth. 
I t  carries 18% lead, 12% zinc, and two ounces 
of silver. I t  is estim ated th a t 50,000 tons 
having an average of 5% lead, 15% zinc, 
and three ounces of silver has been developed 
on the Kicking Horse, on the opposite side 
of the river to  the Monarch. A company 
under Dominion Charter with 3,000,000 
shares of no par value is being formed to  take 
over, equip, and operate the properties. 
W ork on the construction of a 300-ton mill 
and aerial tram w ay will be started  as soon 
as weather conditions allow in the spring.

The hydro-electric p lant a t the Cork- 
Province mine has been pu t into operation 
and the re-modelling of the mill to  a flota
tion plant of 200 tons daily capacity is near
ing completion. I t  is rumoured th a t plans 
are under way for a consolidation of the 
Lucky Jim  and Cork-Province properties, 
but this, though likely, has not been con
firmed. The mill a t the Lucky Jim  has been 
closed and all available power is being used 
for mine development. W ork is being con
centrated on the raise No. 6 to No. 5 levels, 
a distance of some 600 ft.

W ork on the Deadman shoot a t the  Noble 
Five continues to open up a really wonderful 
body of ore. The drift, after exposing a 
length of 275 ft. w ith its face in ore, has been 
stopped. A cross-cut has been s ta rted  from 
the main raise to  open the shoot 200 ft. above 
the bottom  level, and a raise is being put 
up on the shoot to  meet the cross-cut. The 
mill is being run at a daily capacity of about 
45 tons on ore won in development, the 
proceeds from this ore is paying for all 
operating costs. Exceedingly severe w eather 
since the beginning of the year has caused a 
shortage of water throughout the Kootenays, 
and necessitated the curtailm ent of mining 
at many properties.

Lieut.-Col. H. H. Yuill, president of 
Reeves-McDonald Mines (a subsidiary of the 
Victoria Syndicate) of London, reports th a t 
a body of ore, which promises to  be as big 
as th a t opened on the Reeves property, has 
been opened on the com pany’s O’Donnell 
property. The cross-cut has passed through 
80 ft. of ore, averaging about 2% lead and 
5% zinc, and the face of the  cross-cut is still

in ore. The com pany has s ta rted  a main- 
haulage tunnel, 120 ft. above the Pend 
d ’Oreille River, which will tap  the Reeves 
ore zone at about 4,000 and the O’Donnell 
ore zone a t about 6,000 ft. from its portal, and, 
if the ore bodies persist in w idth  and value, 
will develop an immense tonnage of ore.

B o u n t y  o n  I r o n .—The Hon. W. A. 
McKenzie, Minister of Mines, has introduced 
a bill a t the  Provincial Legislature, now in 
session, which repeals all form er bounties on 
iron and steel and provides for a bounty of 
$3 per ton on iron made in B.C. from B.C. 
ore ; $1.50 per ton  for iron made in B.C. from 
foreign ore ; and $1 per ton  on steel shapes 
made from scrap m etal. N ot more than 
$2,000,000 is to  be paid in bounties on iron 
and not more than  $20,000 per year and 
$100,000 in all, on steel made from  scrap.

BRISBANE
January  16.

T h e  M o u n t  I s a  C o m p a n y .—An extra
ordinary general m eeting of shareholders 
in Mount Isa Mines, L td., held in Sydney 
last m onth, sanctioned the proposal of the 
directors to increase the nominal capital of 
the com pany from ¿1,500,000 to ¿2,000,000 
by the creation of 500,000 shares a t ¿1 each. 
These new shares are to  rank  pari passu 
w ith the present issue, and are to be issued 
a t the  discretion of the  board. I t  is the 
intention of the directors, in order to provide 
for the erection of the first un it of the treat
m ent mill, which is to  have a capacity of
2,000 tons of ore a day, to issue a t an early 
date debentures carrying the right of con
version into shares a t the ra te  of ¿2 10s. 
each ; and the proposed new issue will be 
reserved to meet such rights.

W ith regard to  work on the Mount Isa 
field, it  was reported a couple of weeks ago 
th a t the dam  under construction to provide 
a w ater supply was so far advanced that it 
could store w ater to  a depth of 20 ft., and 
the d istrict inspector of mines now states 
th a t, unless something unforeseen happens, 
the job should be completed by next month. 
W hen finished, the height of the dam will 
be about 50 ft. and its length 45 ft. across 
the gorge of the creek where it is being built. 
The construction of the dam  has been pushed 
forward as expeditiously as possible in order 
th a t water might be conserved when the wet 
season takes place. W ithin the last few days 
news has been received of very heavy rains 
a t Cloncurry and other parts of the district,
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and it is considered th a t these indicate the 
beginning of the wet period, which usually 
commences, when it comes a t all, about this 
time. Mr. Charles A. Mitke, consulting 
mining engineer, of Arizona, U.S.A., who is 
the Mount Isa Company’s adviser on mining 
methods, arrived a t the mines about a 
month ago.

Q u e e n s l a n d  T in  M i n e s .—An im portant 
announcement relating to  certain groups of 
tin mines in N orth Queensland has lately 
been made. This is th a t, through the 
instrum entality of Mr. Fred. G. Brown, who 
has been interested in mining in this State 
for very m any years, the W hitw orth Mining 
Corporation has decided to  acquire and 
develop the tin  mines of Koorboora, in the 
Chillagoe mineral field, and of Gurrum ba and 
Irvinebank, in the adjoining H erberton 
field. Mr. Brown, who has recently returned 
from a visit to England and America, states 
tha t in the carrying out of the project the 
W hitworth Corporation, which has a capital 
of £350,000, is prepared to spend from 
£200,000 to £250,000. Koorboora and 
Irvinebank are old tin-mining centres 
which have seen a good deal of activity  
in the past, especially Irvinebank, where 
the historical Vulcan mine is situated, 
and where there are tin  treatm ent works 
which are now owned by the State, and 
which have been almost idle for several 
years. The W hitw orth Company is already 
engaged in gold mining in Alaska and in tin  
mining in South W est Africa. The estimate 
of the corporation’s engineer (Mr. B. G. 
Butterworth) w ith regard to  the Queensland 
properties is th a t, w ith tin  a t only £200 a 
ton, they will w ithin a short period return 
an annual profit of £135,000, which is 
expected to increase to £286,000 within 
four years. The com pany’s manager in 
Queensland (Mr. A lbert Travers) is to-day 
due to  arrive in Australia.

T h e  Co a l  I n d u s t r y .— The coal industry 
of Queensland, like th a t of New South Wales, 
is undoubtedly in a bad way. The State has 
immense coal areas, bu t a  m arket cannot be 
found for a tithe of the quan tity  of coal tha t 
could be produced if a demand for it existed. 
One of the principal factors for slackness in 
the trade is th a t between 60 and 70 per cent 
of the ships th a t once burned coal are now 
using oil, and no scheme has yet been 
finalized here for the production of oil from 
coal. At the same time, as has already 
been shown, British coal has been landed in 
South Australia a t a cheaper ra te  than  from

Newcastle, in New South Wales, while it 
has also been found to be impossible for 
A ustralian coal to  compete with th a t of 
South Africa, largely because coloured labour 
is there used.

A discussion th a t has been going on for 
some time between the Federal Government, 
the mine owners, and the men is to be 
resumed next week in an attem pt to evolve 
a definite settlem ent of the coal problem, 
as affecting all the States, by  securing an 
agreement which will adm it of a reduction 
to  be made in the selling price. The pro
posal is to reduce this price by 4s. a ton, so 
as to  bring screened large coal alongside 
cranes a t Newcastle to  £1. Is. Of this am ount 
it is suggested th a t the State Government 
should bear half, the colliery proprietors 
Is. a ton. and the employees Is. H itherto 
the miners have been against the proposal, 
bu t now th a t they are seeing the effect of 
present conditions they are weakening in 
their attitude. I t  is also planned, if possible, 
to make a further reduction of Is. a ton on 
coal sold overseas and in terstate—a reduc
tion which it  is anticipated m ay be m et by 
a  bounty from the Federal Government.

N e w  G u in e a  G o l d .— As shown by sta tis
tics compiled by the D epartm ent of Trade 
and Customs, gold to  the value of £775,386, 
consisting of 214,152 oz., has been imported 
into Australia from New Guinea fields since
1925. The quantities and values given are : —

Oz. Value.

1925-26 . . 5,220
£

15,212
1926-27 . . 71,925 166,416
1927-28 . . 98,852 235,417
Ju ly , 1928 872- 2,292
A ugust, 1928 . 24,790 54,930
Septem ber, 1928 238 758
October, 1928 . 12,255 30,461

214,152 ¿775,386

The to tal number of whites on the goldfields 
is about 100, and about 40 claim-holders 
are said to  be a t work. One miner is reported 
to  have won 300 oz. in a day. The aeroplane 
service in stitu ted  in May, 1927, has proved 
instrum ental in reducing transport difficulties 
between the coast and the fields. A plane 
recently pu t on the service is capable of 
transporting three tons in flight, thus render
ing far more expeditious the transport of 
machinery in sections in the event of an 
energetic development following determ ina
tion of the extent and value of the lodes. 
The time of flight from the coast has been 
reduced to 40 m inutes.
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Mr. E. Broughton Jensen, field superinten
dent of Guinea Gold, N.L., has joined Mr. 
Leslie U rquhart’s New Guinea organization 
known as the Ellyou Goldfields Development 
Corporation, Ltd. In  connection w ith the 
flotation of the la tte r company, it is stated  
th a t Mr. U rquhart is to receive a refund of 
¿54,678, money expended in securing various 
interests. Mr. Jensen’s work will consist 
of making a survey of the proposed light 
railway route from the coast to  the Bulolo 
goldfields.

I t is reported from the field th a t testing 
is being actively continued on the lower 
leases by Placer Development, L td., and in 
the Edie Creek area by Ellyou Goldfields 
Development, Ltd., Considerable outlay 
has been budgetted by these companies for 
1929, to be applied to development and te s t
ing operations.

M o u n t  L y e i x .—At the annual meeting of 
shareholders in Mount Lyell Mining and 
Railway Company there was presented one 
of the most satisfactory balance sheets 
subm itted for some tim e by directors. This 
arose partly  from the better price ruling of 
late for copper, and in part from the develop
ment of the various enterprises of the com
pany. Operations in the com pany’s electro
lytic refinery, which was opened in May last, 
are stated  to  have proved most gratifying. 
Reserves of ore in the N orth Mount Lyell 
mine, not including any below 1,200 ft., now 
stand a t 878,000 tons, with the grade of ore 
at 5'85 per cent copper. Mount Lyell is 
still the only company producing copper 
in Australia.

CAMBORNE
February 27.

T h e  Co u n t y  o f  C o r n w a l l  B i l l  (1929)
AND ITS RELA TIO N  TO T H E  M IN IN G

I n d u s t r y .—The Cornish mining industry  has 
received a severe shock in the form of certain 
proposals embodied in sections 120 and 122 of 
Part V III of the County of Cornwall Bill. This 
Bill, which was presumably framed to  deal 
with the alteration of the county boundary, 
and with the Torpoint ferry, now includes 
proposals which will interfere w ith the 
immemorial rights of the “ tin n e rs” -—rights 
which have been jealously guarded for 
centuries. The offending proposals refer 
to rivers and streams, the beds of which 
are not to be dredged except under licence 
because the flow of the stream  will be 
interfered with. They further enact th a t

no sands, etc., are to  be discharged into 
the rivers nor are they  to  be dum ped in 
such places where floods m ight carry  them 
into the rivers. Similar prohibitions refer 
to putrifiable rubbish and oils and tars.

Needless to say, there is vigorous opposition 
to these startling  proposals, and, on the 
in itiative of the Cornish Chamber of Mines, 
a jo in t m eeting of representatives of the 
owners of mines, tin-stream s, and china- 
clay works and of mining and china-clay 
landlords, was held a t T ruro a t which a 
resolution was unanim ously passed promising 
stern opposition to the Bill. The following 
extracts, taken from a le tte r w ritten by 
Mr. C. V. Thomas on February  22 to  the 
Western M orning News, express the general 
feeling on the subject :—

If  p a r t  V II I  of th e  B ill were to  be passed into 
law  i t  would, in  th e  opin ion of th e  representatives 
of th e  Cornish m ining in d u stry , seriously and 
prejud icia lly  affect, if n o t a ltoge ther prevent, 
th e  m ining industry ' from  being carried  on in the 
coun ty  in  th e  m anner in  w hich i t  m u st of necessity 
be, and  has alw ays been conducted  in  accordance 
w ith  th e  long-established custom  judicially 
recognized . . .  I t  is n o t easy  for us who for so 
m any  years have  been activ e ly  in terested  in 
endeavouring  to  m ain ta in  and  develop the 
m ining in d u s try  of th e  cou n ty  to  understand 
why, by  th e  Bill, an  a tte m p t is m ade to  p u t on the 
m in ing  in d u stry  p ractica lly  th e  g reatest obstacle 
th ey  ever had.

C o r n is h  M i n i n g  R e c o r d s .—The matter 
of collecting, preserving and tabulating 
Cornish mining records has received con
siderable a tten tion  during the past year. 
I t  will be rem em bered th a t during the visit 
of the Institu tion  of Mining and Metallurgy 
to  Cornwall last May much prominence 
was given to  this subject, the support of the 
In stitu tion  being obtained tn  connection with 
the appeal of the five Cornish societies to 
the Mines D epartm ent for assistance. 
A pparently  the  Secretary for Mines required 
further evidence, w ith the result th a t on 
February  14 a deputation consisting of 
Professors Truscott and Lawn, representing 
the Institu tion  of Mining and Metallurgy, 
and  Messrs. R . A rthur Thomas and Josiah 
Pauli, representing the Cornish societies, 
was received by Commodore King at the 
Mines D epartm ent, and it is understood 
th a t a strong case was made out for Govern
m ent assistance. The actual result of this 
final appeal has not yet been announced, 
bu t it is significant th a t in reply to a question 
on this very subject in the House of Commons 
Commodore King (the Secretary for Mines) 
is reported to have said : “ I hope the collec
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tion of the old records will be undertaken 
locally, and I have offered to  give any help 
I can which will not involve an additional 
charge on public funds.”

Such a reply seems to  indicate th a t the 
position is “ as you were ” , and th a t if these 
records are to  be collected the Cornish 
societies will have to do the work and bear 
the expense themselves.

Mo r v a h  C o n s o l s .— Prelim inary reopening 
work is being carried out a t this mine 
which is situated in the parish of Morvah, 
about half-way between St. Ju s t and St. Ives. 
Past records of this mine are very scanty ; 
in 1873 it is credited with having sold 6 tons 
of black tin.

R. O. S i m o n  has left for M adrid to  jo in  th e  staff 
of th e  agents in  Spain of th e  C lim ax R ock D rill 
and  E ngineering W orks, L td .

C h a r l e s  S n e l l i n g  has left for Nigeria.
D. A. S u t h e r l a n d  h a s  left for E gypt.

J. P. F a r r a r  died som ew hat suddenly on 
F eb ru ary  18, aged 71. H e was on th e  board  of 
several South A frican m ining companies, and  
served in  th e  South  African W ar, receiving th e
D.S.O. in  1900.

W . H. R . A l l e n  died suddenly on F eb ru ary  25 
a t  th e  age of 53. He was form erly on th e  staff of 
th e  S tra its  T rad ing  Co., L td ., m anaging th e  t in  
sm elter a t  W ellesley, Penang, and  came to  th is  
coun try  in  connection w ith  th e  erection of th e  new 
Penpoll T in  Sm elting W orks a t  Bootle, Liverpool, 
of which he was General M anager. H is death  was 
caused by  pneum onia.

PERSONAL
G l e n n  L. A l l e n , m etallurgical engineer w ith  the  

San Francisco Mines of Mexico, is in  London.
R e g i n a l d  F . A l l e n  has re tu rn ed  from  Spain.
A r t h u r  J. B e n s u s a n  has left for W est Africa.
J a m e s  P. B e s t  has left for N igeria.
P e r c y  B o n d s  has been transferred  from  Ipsw ich 

to  the London office of R ansom es and  R apier, L td .
R a y m o n d  B r o o k s — who has m oved his office to  

15, W illiam  S treet, New Y ork— passed th rough  
London on his w ay from New Y ork to  Rhodesia.

S. T. B r u g h  has been appointed  General M anager 
of the  Penpoll t in  sm elting works, in succession to  
the late  W. H. R. Allen.

G. W. C a m p i o n  has left for W est Africa.
F. D a l b y  has left for N igeria.
H. A. E v a n s , general m anager of th e  Sulphide 

Corporation's works a t  Cockle Creek, New South 
Wales, is in  London.

D r. A. B. E v e r e s t , form erly of B irm ingham  
U niversity M etallurgical D epartm ent, has joined 
the  staff of th e  B ureau of In fo rm atio n  on Nickel, 
Ltd.

C e c i l  H. F e l d t m a n n  has left for Venezuela.
W. A. G r e i g  has been appoin ted  Chief A nalyst 

and Assayer to  th e  New South W ales D ep artm en t 
of Mines.

E d w a r d  H o o p e r  has re tu rn ed  from  South 
Africa.

A. E . J a n e s  has re tu rn ed  from  Nigeria.
C. L e a c h  is home from  Nigeria.
S i r  D o u g l a s  M a w s o n  is here from  A ustralia.
W a l t e r  M c D e r m o t t  and  A. E . F o r d  have 

joined th e  B oard  of Mawchi Mines, L td .
P a u l  D y e r  M e r i c a  has been aw arded th e  

Jam es Douglas Gold M edal of th e  Am erican 
In stitu te  of M ining and  M etallurgical Engineers. 
He is 40 years of age, and  for th e  las t ten  years he 
has been su p erin ten d en t of research for th e  In te r 
national N ickel Co.

A. M o n t g o m e r y ,  who recently  re tired  as S ta te  
Mining E ngineer for W est A ustralia , has opened 
an office a t  P e rth  to  p ractise  as a consulting m ining 
engineer.

W i l l i a m  R u s s e l l , of th e  D orr Co., has left for 
th e  U n ited  S ta tes.

W . J. S h e p h a r d  has le ft for A ustralia .

TRADE PARAGRAPHS
S i l i c a  G el,  Ltd.,  have changed th e ir  address to  

B ush House (W est W ing), Aldwych, W.C. 2.
S u l l iv a n  M a c h in e r y  Co.,  of Salisbury House, 

London, E.C. 2, have issued particu lars of th e ir  coal 
loading m achine w ith  particu lars of practice  a t  
Francisco No. 2 Mine, near Princeton , Indiana.

R u sto n  an d  H o r n s b y ,  L td .,  of L incoln, have 
issued a folder on th e ir  No. 4 U niversal excavator 
which m ay be converted for use as a shovel, dragline, 
g rabbing crane, sk im m er scoop, or back-acting 
trencher.

T h e  B u r e a u  o f  I n f o r m a t i o n  on N ick e l ,  Ltd.,
of 2, M etal E xchange Buildings, London, E.C. 3, 
have issued a bulle tin  on nickel cast iron in  theo ry  
and p ractice  and a  general s ta tem en t of th e ir  
services.

W ay an d  Co., Ltd. (tropical, etc ., outfitters), 
inform  us th a t  th ey  are inco rpora ting  E v e ritt, 
Penn and  Co., and th a t  th e  t i t le  of th e  new firm 
will be W ay a n d  E v e r i t t  P e n n ,  Ltd.,  and  th e  
address 14 to  15, P an to n  S treet, H ay m ark e t, S.W. 1

H a d fie ld s ,  Ltd., of Sheffield, have issued a 
catalogue of m anganese steel and  o ther special 
steels for th e  w earing p a r ts  of ball and tu b e  mills, a 
folder re la ting  to  elevator, conveyor, and creeper 
links in m anganese steel, and  ano ther folder relating  
to  steel forgings generally.

H ea d ,  W r ig h tso n ,  an d  Co.,  Ltd., of Stockton- 
on-Tees, have issued a  new edition  of th e ir  booklet 
devoted to  th e  Akins classifier which was originally 
designed for a  specific separation  in  th e  cyanide 
process and  is now of w ider application  in  ore 
trea tm e n t.

W e s t in g h o u s e  E le c tr i c  I n te r n a t io n a l  Co.,
of 2, Norfolk S treet, London, W .C. 2, send us a 
num ber of leaflets devoted to  th e  fo llow ing:— 
T ype H R , low speed, sychronous m otors, 100-450 
r .p .m ; ty p e  CS squirrel-cage induction  m o to rs ; 
m agnetic  s ta rte rs  ; sw itchboards for m ines ; line- 
s ta rte rs .

C e r e t t i  an d  T a n fa n i  S .  A.,  of Milan, have  form ed 
an  English com pany under th e  tit le  of C eretti and 
T anfani, L td ., w ith  offices a t  53, V ictoria  S treet, 
London, S.W. 1, where inquiries for th e  following 
specialities m ay  be m ade : Aerial ropeways, cable
ways, funicular railways, telphers cranes, hoists.
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conveyors and  transporte rs, and grabs. John  
C a w le y  a n d  Co.,  Ltd.,  of th e  sam e address, have 
been appointed sole selling agents and m anagers for 
G reat B rita in .

B u c y r u s -E r ie  Co., Ltd., of 83, K ingsway, 
London, W.C. 2, furn ish  us w ith  p a rticu la rs of 
th e ir  new excavator (75-B), which is a  2£ yard  
machine, and intended to  fill the  gap betw een th e ir
2 yard  and 3 yard  machines, while having th e  speed 
of the  form er and a  25 per cen t larger o u tp u t. 
I t  is designed for electrical operation, being 
equipped w ith  W ard Leonard m ulti-voltage control. 
The d ipper handle is th e  sam e leng th  as on th e
3 yard  m achine, b u t th e  boom is 6 inches shorter. 
In  th e  tru ck  fram e all propelling gears, except those 
of th e  la s t reduction, which are enclosed w ith in  
th e  girder castings of th e  m ounting, are above the  
bo ttom  clearance of th e  tru ck  fram e— where th ey  
cannot be dam aged by  rocks, stum ps, and o th er 
obstacles when th e  m achine is m oving. The ho ist 
on th e  75-B, like th a t  used on o ther 3 and  4-yard 
qu arry  shovels, is a single h itch  tw in  rope, which 
has proved to  be so unusually  efficient and

B u c y r u s - E r i e  75-B S h o v e l .

economical as com pared w ith  a th ree -p art hitch. 
W ith  only one sheave on th e  boom  and  w ith o u t th e  
padlock sheave a t  th e  dipper, th e  bending of th e  
rope is reduced to  a m inim um  w ith  resu lting  
increased rope life. This efficient hoist perm its the  
use of the  power from  th e  m otor in  doing useful 
work ra th e r th an  in  overcom ing friction  of add itional 
sheaves. The m ain m achinery is all m ounted on one 
single steel casting of deep section th a t  form s th e  
forward p a rt of the  revolving fram e. P in  connected 
to  th is front casting and  form ing a  ba lla st box, is 
another casting which carries th e  m otor-generator 
set. Another im p ortan t featu re  is th e  e lim ination  
of the  clutch and brake in  th e  ho ist m achinery, 
providing sm oother and faster operation— w ith  less 
tiring  effect on the  operator. R egenerative  lowering 
of th e  d ipper on th e  m otor reduces' th e  n e t pow er 
consum ption, gives the  operator absolute control 
of th e  dipper under all conditions and  reduces 
operating costs. The 75-B is a shovel for th e  m edium  
sized quarry  and has th e  pow er and  s tre n g th  to  
handle the  toughest k ind  of digging. W here the  
duration  of th e  work w arran ts th e  use of electric 
power i t  is said to  be an ideal m achine. E quipped  
w ith  a 3J yd. coal d ipper i t  m ay be used to  follow 
behind 12 and 16 yard  stripp ing  shovels for coal 
loading. I t  is also available as a dragline excavator.

T H E  BRA ND SYSTEM OF 
P U L V E R IZ E D  FUEL FIRING

This system  while being specially  applied to 
m arine boilers is equally  app licab le  to 
L ancashire and  w a ter-tu b e  boilers. I t  is b rough t to 
th e  notice of th e  readers of T h e  M i n i n g  M a g a z i n e  
in  v ir tu e  of th e  fa c t th a t  i t  in troduces a  new pro
posal in  th is  m ethod of firing and  affords thus a 
fu rth e r advance in  th e  so lu tion  of pow er generation 
problem s.

B roadly  speaking, th e  system  is divisible in to  two 
p a r ts  : T h a t w hich provides for th e  crushing of the 
solid fuel on board  sh ip  and  its  firing to  th e  boilers 
on a  m odification of th e  u n it system  (as i t  is gener
a lly  called) ; and  th a t  w hich provides for crushing 
on shore and  th e  transference  of th e  pulverulent 
m ateria l (be i t  coal or semi-coke) in to  th e  ship's 
bunkers. The la t te r  has th e  obvious advantage 
th a t  i t  enables solid fuel to  be handled  ju s t as oil is

F i g . 1 . — B r a n d  S y s t e m  a s  A p p l i e d  o n  B o a r d  
S h i p .

handled  to -day . I t  has th e  obvious disadvantage 
th a t  m an y  solid fuels (no tab ly  bitum inous coal) 
are liable to  spontaneous com bustion  w hen in the 
pulverized form . C ap ta in  B rand  claim s to  over
come th e  last-nam ed obstacle by  m eans of a system 
of sealed bunkers, from  which, before th e  powdered 
fuel is pum ped in to  th em  pneum atically , the  air is 
displaced b y  m eans of cold furnace or in ert gases 
w hich co n ta in  b u t little  free oxygen. The powdered 
fuel, w hich w hen crushed will also have been dried, 
is conveyed from  th e  m ain  (sealed) storage bunker 
to  th e  burners b y  w ay  of a “ ready-use bin ” and 
b y  m eans of a system  of screw-conveyors and 
“ fluffing ” pipes. The la t te r  te rm  is used to 
describe th e  use of cold furnace gases to  aerate the 
pow dered fuel and th u s m ake i t  am enable to 
p n eu m a tic  conveying.

In  Fig. 1 is reproduced a section of a system  for 
m arine  boiler firing w ith  pulverizer on board, which 
is self exp lanatory . I t  m ay  he added, however, 
t h a t  th e  pulverizer a t  p resen t recom m ended is 
th e  R em a m ill which will be described in  a  subse
q u en t issue.
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F i g . 2.-— B r a n d  B u r n e r s , o p e n e d  t o  s h o w  S p i r a l s  a n d  V a n e s .

In  Fig. 2 is reproduced a  pho tograph  of th e  
B rand burner which is specifically designed to  give 
a  sho rt and  tu rb u le n t flame. I t  w ill be no ted  th a t  
the  b u rner in stead  of being affixed d irect to  th e  
boiler furnace is separa ted  therefrom  by  a cylindrical 
projection which is called th e  pre-furnace. The 
p rim ary  and  secondary  a ir  and  th e  fuel all m eet a t  
the  centre of th e  b u rn er and  are given a w hirling 
motion by  m eans of th e  sp ira l a t  th e  b u rner m outh, 
where com bustion takes place. Com bustion should 
be com plete before th e  flames en te r  th e  furnace 
proper, slag being deposited in  th e  pre-furnace.

T H E  RU TH S 
STEAM  ACCUM ULATOR

The R u th s  accum ula to r is based on th e  princip le 
o f sto ring  th e  h e a t energy of s team  in  a  large 
q u a n tity  of w a te r  u nder pressure an d  a t  sa tu ra tio n  
tem perature, and  releasing th is  energy in  th e  form  
of steam  produced b y  ebullition  under a reduction  in  
pressure. This p rincip le  is n o t a  new one, and  was 
em ployed b y  Prof. R a te au  for th e  purpose of 
utilising, over very  sh o rt periods, th e  in te rm itte n t 
ex haust from  steam  engines. The R a teau  accum u
la to r d id  no t, however, p ro tec t th e  boilers against 
fluctuating  dem ands, whereas th e  R u th s accum u
la to r  provides for storage capacity  capable of 
accom m odating  wide v a ria tions in steam  consum p
t io n  over periods of several hours, if necessary.

T he accu m u la to r is b u ilt in  th e  form  of a

cylindrical shell w ith  hem ispherical ends. I ts  
volum e is so large in  com parison w ith  i ts  ex te rio r 
surface th a t  an  insu lation  of 3 to  4 inches in  th ic k 
ness is sufficient to  reduce th e  h e a t loss to  a negligible 
q u a n tity  even if i t  is installed  in  th e  open a irw ith o u t 
building protection , as is usual. In  p o in t of fact, the  
rad ia tio n  loss is u sually  less th a n  0'2 B .T h .U ’s per 
sq. ft. of exposed surface, p er hour, p er degree 
F ahrenheit tem p era tu re  difference. The p lan t 
consists of tw o p a r ts  : The accum ulator p ro p e r ; 
and  th e  au to m atic  valves which ensure th e  co
operation  of th e  boilers and  th e  accum ulator, and 
govern th e  steam  d istrib u tio n  th roughou t th e  works. 
Fig. 1 shows a com plete accum ulator in sta lla tion . 
The ta n k  A is constructed  of riveted  steel p lates 
covered w ith  non-conducting  m ate ria l B. The 
riveted  seam s of th e  shell are covered w ith  in su lating  
blocks C, easily  rem ovable for inspecting  th e  jo in ts. 
The insu lation  is p ro tected  by  a  su itab le  cleading D.

The non -re tu rn  valve E  ad m its  charging steam  to  
th e  in te rn a l steam  d istrib u tio n  pipe F  and  th e  
charging nozzles G, which are  equipped w ith  
c ircu la ting  pipes H  to  ensure uniform  and  noiseless 
hea tin g  of th e  w ater. D ischarge of th e  s team  takes 
place th rough  a non -re tu rn  valve I. A de L aval 
nozzle K  lim its th e  m axim um  discharge of steam  
from  th e  accum ulator to  an  am oun t w hich will n o t 
cause prim ing  in  th e  even t of a ru p tu re  occurring 
in  th e  s team  m ain. A w ater colum n and  feed valves 
are provided for ind ica ting  and ad ju s tin g  th e  w ater 
level in  th e  accum ulator. In  operation , th e  accum u
la to r  is filled w ith  w a ter to  ab o u t 90% of its  to ta l  
capacity . C ondensation of steam  in  th e  accum u



172 TH E MINING MAGAZINE

la to r, due to  rad ian t heat loss, tends to  increase th e  
average w ater level, b u t the  fact th a t  th e  accum u
la to r discharges steam  a t  a  lower pressure th a n  th e  
charting  pressure, and steam  having a lower h ea t 
content, a lm ost exactly  counterbalances th e  con
densation  effect, so th a t  a read justm en t of th e  w ater

and there  is a  difference in  tim e  period  betw een 
them . A steam  accum ula to r is therefo re  necessary 
betw een OV and  R V  capab le  of s to rin g  enough 
steam  to  m ain ta in  th e  balance. If th e  p ressure in 
th e  accum ula tor drops to  25 lb. per sq. in ., and  there 
is still a  dem and for s team , in  excess of th e  supply

F ic;. 1 .— D i a g r a m m a t i c  S e c t io n  o f  R u t h s  S t e a m  A c c u m u l a t o r  I n s t a l l a t i o n .

level is seldom required. The accum ulator shell is 
usually supported by  four cast-steel b racke ts so 
placed as to  d istrib u te  the  bearing  reactions properly  
and  provide for th e  free expansion of th e  shell under 
the  wide varia tions of pressure and  tem p era tu re  to  
which the  accum ulator and its  con ten ts are exposed.

150 LB S Q  /N.

2 5 L B / 5 Q  IN

F i g . 2 .

One supporting bracket is rig id ly  fixed, while two 
others rest on rollers, one p e rm ittin g  long itud inal 
and th e  other la te ra l displacem ent. The fo u rth  is a 
pendulum  support allowing displacem ent in  e ither 
direction.

The stages in  th e  developm ent of au to m atic  
control were as follows :— Fig. 2 shows an  arran g e
m ent frequently  employed in  in d u str ia l p lan ts . 
Steam  is generated in th e  boiler house a t  a pressure 
of, say, 1 5 0  lb. per sq. in. and  p a r t  of th is  is passed 
to  process through th e  reducing valve R V  a t, say, 
2 5  lb. per sq. inch. Due to  fluctuating  steam  dem and 
either on th e  high-pressure or low-pressure lines, 
the  boiler pressure cannot be kep t co n stan t. R u th s ’ 
idea, in theory, was to  insert an  overflow valve OV, 
Fig. 3, which passes only enough steam  to  m ain ta in  
a constan t pressure in th e  high-pressure range. In  
m ost cases, however, th e  steam  supply  th ro u g h  OV 
and the  steam  dem and th rough  R V  are n o t equal,

from  th e  boilers, th e  low pressure will drop below 
25 lb. per sq. inch. To p rev en t th is , a  reducing 
valve RV is connected in  paralle l w ith  OV, as shown 
in  Fig. 4, capable of by-passing sufficient steam  to 
m ain ta in  th e  low pressure regardless of th e  condition 
of OV. W here th e  accu m u la to r is b u ilt for a lower

1 50  LB/ S Q  IN

F i g . 3 .

pressure th a n  th a t  of th e  boilers, for instance, 125 lb. 
per sq. in. as in  th e  case ind icated , a m aster-valve 
or lim it-valve, MV Fig. 5, is required which will 
p ro tec t th e  accum ulator against excessive pressure 
rise due to  overcharging. This th ro ttle s  th e  supply 
of s team  if th e  accum ula tor pressure reaches 125 lb. 
per sq. in . regardless of th e  condition  of th e  valves 
OV and  RV. B y using these four valves, absolute 
balance and  co n stan t pressure are m ain ta in ed  both 
in  th e  high-pressure and low-pressure lines over the 
range of conditions for which th e  p a rticu la r p lan t 
has been designed.

In  p ractice  th e  arrangem en t as show n in  Fig. 5 
has been im proved by com bining in  a single valve 
all th e  functions of th e  valves OV, RV, and  MV. 
In  Fig. 1 i t  will be seen th a t  th e  steam  sw itchboard 
consists of tw o au to m atic  reg u la tin g  valves Vt 
and  V2 which control th e  charging and  discharging 
of th e  accum ulator and m ain ta in  a constan t
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pressure in  th e  fac to ry  steam  m ains. These tw o 
valves fulfil all th e  functions of th e  four valves shown 
in Fig. 5. In  th e  case in d ica ted  in  F ig. 1, Valve V,, 
is connected to  th e  boiler m ain  N, and is con
trolled by th e  boiler pressure. I t  ac ts  as an  overflow 
valve, being se t for a pressure sligh tly  lower th a n  
the safety  valves. B y th is  m eans th e  popping of the  
safety valves on th e  boilers is avoided, and when

pol to a

150 L B /S Q :  IN.

R.V.

125 TO25 LB/S Q  IN

( R.V. 

2 5  LB  SQ IN  f

w hether m ore or less steam  is passed th rough  valve 
Vi th an  th rough  valve V2 a t  a given m om ent. If the  
accum ulator is fully  charged, V! acts as a m axim um  
pressure valve and will sh u t off fu rth e r steam  supply 
to  th e  accum ulator. On th e  o th er hand , if th e  
accum ulator is com pletely discharged, Vj acts as a 
reducing valve, securing a sufficient supply  of steam

150 L B /S Q: IN

~7, ' A r a

F ig . 4.

steam is generated in  excess of th e  pressure for 
which valve Vf is ad justed  i t  will au tom atica lly  pass 
through th is  valve in to  th e  accum ulator line O. 
In this way th e  boiler pressure is kep t co n stan t. The 
reducing valve V2 m ain ta in s a co n stan t pressure in 
line P  leading to  th e  steam  consum ers. The accum u
lator will be charging or discharging according to

F ig . 5.

to  th e  secondary  s team  line P, despite  th e  fact 
th a t  th e  accum ula to r is ru n  down. I t  is only 
in th e  la t te r  event, or when th e  accum ulator is 
fully charged and  excess steam  is still being 
generated  by  th e  boilers, th a t  th e  ra te  of firing need 
be a ltered . In  a p roperly  designed p la n t th is  will 
only ra re ly  occur.

BRITISH INDUSTRIES FAIR
The B ritish Industries F a ir  was held from  Feb. 18 

to March 1, th e  engineering and heavy  industries 
a t B irm ingham  (Castle Bromwich) and th e  o th er 
trades (including Chemicals) in  London (W hite 
City). Among exhib its in  th e  B irm ingham  section 
likely to  be of in te res t to  m ining engineers we 
noticed the  following :—

D a v id so n  an d  Co.,  L td . ,  of B elfast, were showing 
“ Sirocco ’’ m ine fans am ong others.

F ie ld in g  an d  P la t t ,  Ltd. ,  of Gloucester, had  a 
display of horizontal semi-Diesel engines.

N. H in g le y  a n d  S o n s ,  Ltd.,  of Dudley, exhibited  
mining chains and o ther colliery requisites.

G eorge E l l i so n ,  of B irm ingham , h ad  a rep re
sentative collection of sw itchgear for all purposes.

C arron Co., Carron, S tirlingshire, as an  exam ple 
of their engineering products , d isplayed a  colliery 
haulage gear.

B row n B a y le y ’s S te e l  W orks,  Ltd. ,  of Sheffield, 
were showing a  w ide v a r ie ty  of th e ir  p roducts in 
stainless steel.

John H e n r y  A n d r e w  a n d  Co.,  Ltd. ,  of Sheffield, 
were showing m any  exam ples of th e ir  steel p roducts 
including m ining drills.

F oster  I n s t r u m e n t  C o.,  Ltd. ,  of L etchw orth , 
were showing a  v a rie ty  of pyrom eters and tem pera 
ture controlling in stru m en ts .

W inget  (1924), L td . ,  of 24, Grosvenor Gardens, 
London, S.W . 1, were represented  b y  stone breakers 
and granu la to rs am ong o th er exhibits.

A lfr e d  H e r b e r t ,  Ltd. ,  of C oventry, were m aking 
a feature of th e ir  A trito r  coal pulverizer, which has 
already been described in  these  colum ns.

R. a n d  J. D ick ,  Ltd. ,  of Glasgow, had  a  rep re
sen tative  collection of B a la ta  belting  for d riv ing 
or conveying, to g e th e rw ith  o th e r sim ilarspecialities.

R o b e r t  W a rn er  ( P u m p s ) ,  L td . ,  of Newcastle- 
on-Tyne, were show ing horizon tal and  vertical ram  
pum ps of d ifferent sizes and  a sm all m iner’s hand 
pum p.

B r it i s h  G o o d r ic h  R u b b e r  Co.,  L td . ,  of 50, Pall 
Mall, London, S.W . 1, exh ib ited  ru b b er com pounds 
capable of resisting  abrasion, and pum p and valve 
linings.

R e a v e l l  an d  Co.,  Ltd., of Ipsw ich, exhibited  
th e ir  well know n air-com pressors b o th  vertical 
single acting  and  double acting  (two-stage) and 
ro ta ry  types.

T u b e s ,  Ltd., and T h e  B r o m f o r d  T u b e  Co.,  Ltd.,  
b o th  of B irm ingham , were show ing on ad jo in ing  
stan d s a  wide v a rie ty  of weldless steel tu b in g  su it
able for all purposes.

T h e  W h ite c r o s s  Co.,  Ltd.,  of W arring ton , had  
sam ples to  show th e  stages in  process of th e  m an u 
facture  of steel w ire ropes including locked coil and 
flattened  s tra n d  varie ties.

L a c y -H u lb e r t  an d  C o.,  Ltd. ,  of B eddington, 
Surrey, showed several air-com pressors and 
vacuum  pum ps b o th  fixed and  po rtab le  types for 
e lectric or petro l engine drives.

U n ite d  S te e l  C o m p a n ie s ,  L td . ,  of Sheffield, 
incorporating  a num ber of steel, iron and coal com 
panies in th a t  d is tric t, had a com prehensive collec
tio n  of th e ir  various products.

T h e  C o n s o l id a te d  P n e u m a t i c  T o o l  C o . ,  Ltd.,  
of 170, Piccadilly , London, W . 1, had  a  w ide range 
of pneum atic  tools on ex h ib it to g e th e r w ith  a 
p o rtab le  com pressor in  operation.

N o rr is ,  H e n ty  an d  G a r d n e r s ,  Ltd., of M an
chester, exh ib ited  horizon tal cold s ta r tin g  oil 
engines 7—8, 29—31, an d  105—112 b .h .p . and  one 
vertical engine, 4 cylinder, 152 b.h .p .
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S te w a r ts  an d  L loyd s ,  Ltd., of B irm ingham , were 
show ing tubes in  w rought iron and  steel for gas, 
steam , w ater, and  com pressed-air, together w ith  
fittings, including th e  V ictanlic jo in t.

C a b le  M akers  A s s o c ia t io n ,  of Sardin ia House, 
Sardinia S treet, London, W .C. 2, displayed a  wide 
selection of electric cables, th e  p roducts of th e  works 
of th e ir  various constituen t companies.

B r o o m  an d  W ade,  Ltd.,  of H igh W ycom be, had  
an  outdoor exh ib it of a  num ber of portab le  and 
s ta tio n a ry  air-com pressors, b o th  ro ta ry  and 
reciprocating types and  all in  operation.

E le c tr ic  F u r n a c e  Co., Ltd.,  of 17, V ictoria  
S treet, London, S.W. 1, exhibited A jax W y a tt  and 
o ther furnaces for m etal m elting including th e  new 
Ajax N orthrup  high-frequency induction  furnace.

S te w a r t s  and  L loyds ,  Ltd.,  of B irm ingham , 
exhibited  a range of lap-welded w rought iron  and 
steel and weldless steel tubes and  fittings, together 
w ith  b itum en lined and concrete lined steel tubes.

M arsha ll ,  S o n s  an d  Co.,  Ltd.,  of Gainsborough, 
exhibited a 60 b.h.p. vertica l oil engine, a  16 b.h .p . 
horizontal engine (two-stroke) and  one each of a 
30 and 15 b.h.p. new type, four stroke, horizon tal 
engine.

G e o r g e  A n g u s  an d  Co., Ltd., of Newcastle-on- 
Tyne, showed canvas hose w ith  a  bu rstin g  pressure 
of 700 lb. per sq. in. in  2J in. hose. Also b rake  
linings, beltings (driving and conveying) and 
leathers.

T he B e ld a m  P a c k in g  an d  R u b b e r  Co.,  Ltd. ,
of 16, Gracechurch S treet, London, E.C. 3, presented  
a com prehensive range of packings and  jo in tings 
for all purposes and  also beltings an d  o ther 
m echanical rubber goods.

P e te r  B r o th e r h o o d ,  Ltd.,  of Pe terborough, 
exhibited  a  300 h.p. 6 cylinder, B ro therhood  
R icardo high-speed Diesel engine d irec t coupled to  
a  200 k.w. 440 v o lt G.E.C. generator. The engine 
is of th e  sleeve valve type.

F. C. H ib b e r d  an d  Co.,  L t d . ,of 16, N o rth u m b er
land Avenue, London, W.C. 2, in  an  ou tdoor exh ib it 
were m aking a  feature  of th e  P la n e t locom otive for 
all rail gauges and  of 10, 20 or 40 h.p. to  ru n  on 
petrol, paraffin, or crude oil .

T he C o v e n t r y  C h a in  Co.,  Ltd.,  of C oventry, 
had  a  represen ta tive  exh ib it to  show th e  m any  
applications of chain  drives—w hich are used as 
couplings betw een prim e m over and  mills, fans, 
etc. Also conveyors and  elevators.

Thos .  F ir th  a n d  S o n s ,  Ltd. ,  of Sheffield, 
presented a large and represen ta tive  ex h ib it showing 
the  m any and  varied  uses to  w hich sta in less and  
“ S taybrite  ” steels can  be p u t, including tubes, 
wire, foil, and heavy castings and  forgings.

T he G e n e r a l  E le c tr ic  C o .,  Ltd. ,  and  F r a s e r  
and C h a lm e r s  E n g in e e r in g  W orks,  of M agnet 
House, K ingsway, London, W .C. 2, on a  large 
s tand  were showing a wide selection of th e ir  p roducts 
including W itton  generating m achinery  and  sw itch- 
gear.

N at io n a l  Gas E n g in e  Co.,  Ltd. ,  of Ashton- 
under-Lyne, had  a represen ta tive  d isp lay  of vertical 
and horizon tal gas, crude oil and  pe tro l and  paraffin  
engines such  as are m ade in  sizes ran g in g  from  2 to  
2,000 h.p. for dynam o, pum p, or com pressor 
driving.

H a d fie ld s ,  Ltd., of Sheffield, exh ib ited  sam ples 
of th e ir products in  E ra /H .R . h ea t-resis ting  steels, 
in  Era/C R . non-corroding steels, and  in  R esista
H. Y. steel which is bo th  heat and  corrosion resisting.

Reference was m ade to  th e ir  large o u tp u t of crushing 
m achinery.

R u s h t o n  T r a c to r s ,  Ltd. ,  of F e lth am , Middlesex, 
had  an  ou tdoor ex h ib it of th e ir  tra c to r  which 
has been designed for h ard  colonial service, and in 
w hich is incorpora ted  an  a ir  cleaner and  special 
vapourizer w hich allows of th e  use of an  inferior 
kerosene fuel.

G. A. H a r v e y  a n d  Co. (L o n d o n ) ,  Ltd.,  of 
W oolw ich R oad, London, S .E . 7, w ere exhibiting 
pressed steel p la te  work, perfo ra ted  m eta l screens 
and  trom m els, and  w oven w ire screens. In  the 
fo rm er a re  included tan k s , bins, hoppers, etc. Also 
steel filing cab inets and  lockers.

B a r i u m  C o n s o l id a t e d ,  L td . ,  associated  w ith The 
A nglo-O riental M ining C orporation , L td ., of 31 to  33, 
B ishopsgate, London, E.C. 2, w ere displaying in 
th e  L ondon section  sam ples of th e  raw  material 
and  its  p ro d u c ts . T he C om pany are  working a 
p ro p e rty  in  Sligo d is tr ic t, Ireland .

T h e  B u r e a u  o f  I n f o r m a t i o n  on  N ick e l ,  Ltd., 
of 2, M etal E xchange B uildings, London, E.C. 2, 
staged  a  com prehensive ex h ib it to  illustra te  the 
p roperties and  uses of nickel an d  its  alloys together 
w ith  in fo rm ation  as to  th e  services which the 
B ureau offers w ith o u t charge o r condition.

J. a n d  F . H o w a r d ,  L td . ,  of Bedford, were 
m aking a fea tu re  of th e ir  p e tro l o r crude oil loco
m otive w hich is m ade in  gauge sizes from  1 ft. 4 in. 
to  5 ft. 3 in ., and  capacities of from  20-28 to  61-81 
b .h .p . w ith  corresponding  d raw b ar pulls (in lb.) of 
1,200 slow and  850 fa s t  and  6,300 slow and 1,350 
fast.

T a n g y e s ,  L td . ,  of B irm ingham , exhibited a 
144 b.h .p . tw in-cy linder heav y  fuel oil engine (cold 
s ta rting ) and  a  19 b.h .p . engine and  a 6 b.h.p. engine 
(lam p sta rting ) connected to  a  treb le  ram  pump, 
to g e th e r w ith  a  n u m b er of o th er pum ps of their 
m anufactu re  an d  lifting  jacks, pulley blocks, 
m alleable castings, and  leathers.

C r o s s l e y  B r o s . ,  L td . ,  of Openshaw, Manchester, 
w ere showing a  4-cylinder vertical compressorless 
Diesel engine of 110 b .h .p . d irec t coupled to a 
C rom pton-P ark inson  d.c. generato r of 72 k.w., 
440 volts. Also a com pressed-air sta rtin g  set and 
tw in -cy linder enclosed horizon tal oil engine, 
developing 44 b .h .p . a t  375 r.p .m .

R u sto n  a n d  H o r n s b y ,  Ltd.,  of Lincoln, 
exh ib ited  a  No. 4 ex cavato r ad ap ted  as a  back acting 
tren c h  digger, a 20 b .h .p . co ld -sta rting  horizontal 
oil engine, a  3-cylinder vertica l engine of 100 b.h.p., 
a  “  T h erm ax  ” v ertica l boiler and a selection of 
sm all pum ps. All these  specialities are sufficiently 
w ell-know n to  readers to  need no amplified descrip
tion .

C a n a d ia n  G o v e r n m e n t  E x h ib i t .— For the first 
tim e a t  th is  fair, a  D om inion or Colonial Govern
m en t has p a rtic ip a ted  in  a  separa te  section. In 
b o th  th e  B irm ingham  and  London fairs a n  exhibit 
rep resen ta tiv e  of th e  p roducts of th e  Dominion 
of C anada w as staged. This included inter alia 
exam ples of th e  m etal and  m ineral o u tpu t and 
d isplays by  th e  tw o g reat ra ilw ay  companies.

B la c k s to n e  a n d  Co.,  Ltd. ,  of Stam ford, Lincs., 
w ere exh ib itin g  a  v a rie ty  of th e ir  oil engines 
including one of 150 b.h.p. and  one of 65 b.h.p., a 
com plete electric generator p la n t d riven  by a 
64 b.h.p. engine. Also, on a  sep a ra te  stan d , a new 
crude oil engine su itab le  for locom otives in  sizes 
of 52, 35 and 17J b.h.p. All these  engines are for 
heavy  fuel oil and  w ork on th e  spring  injecton 
principle.
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B r a i t h w a i t e  an d  Co., E n g in e e r s ,  Ltd. ,  of
B roadway B uildings, London, S.W. 1, had b o th  an 
interior s tand  and  an  ou tdoor exh ib it. In  the  form er 
were photographs and  models exem plifying th e ir  
struc tu ra l steelw ork including tanks, transm ission 
towers, tunnel linings, and m ine tubs. A t th e  la tte r  
was an  exh ib it designed to  show th e  s tren g th  of a 
transm ission tower, from  which a railw ay tru ck  was 
suspended.

D a v e y ,  P a x m a n  a n d  Co.,  Ltd. ,  of Colchester, 
were showing tw o vertical crude-oil engines, one of 
50-57 b.h.p., tw in  cylinder, and  th e  o ther of 
160-184 b.h.p., four cylinder. The fuel injection 
is of th e  sam e kind as th a t  used on Blackstone 
horizontal engines described elsewhere. Separate 
parts were also shown, one being sectioned to  
indicate its  working. An all-steel sectional boiler 
was also exhibited.

I m p e r ia l  C h e m i c a l  I n d u s tr ie s ,  Ltd. ,  of 
Im perial Chemical House, London, S.W . 1, were 
represented a t  b o th  sections of th e  fair. In  the  
London section on a  large s tan d  were departm en ts 
devoted to  th e  various p roducts of th is  organiza
tion  and its  subsidiaries, no tab ly  a  d isp lay  of 
explosives and accessories for electric sho t firing by  
Nobel In d u s tr ie s ,  Ltd.  A film was also being 
shown a t  in tervals dem onstra ting  q u arry  b lasting  
operations as em ployed by  th e  B uxton F irm s Co., 
L td. P o rtland  cem ent is an o th e r p roduct. In  the  
Birmingham  section Craw shaw ’s Chemical Collander 
referred to  in  these colum ns on a previous occasion, 
was on exh ib it.

METAL MARKETS
C o p p e r .—E arlier price advances were eclipsed 

during February , when e lectro ly tic  soared from 
17.25 cents to  19.50 cents pe r lb. T he rise took  
place under conditions of g reat m arke t a c tiv ity  
and feverish excitem ent, accom panied by  m ani
pulative tac tic s in  s tan d ard  copper on th e  p a r t  
of speculative operators. W ith  copper so dear, 
however, i t  is certa in  th a t  in d u stria l dem and  will 
be checked, w hilst p roduction  will undoubted ly  
be stim ulated, so th a t  sooner or la te r  stocks, which 
are a t  present very  small, should be added to . A 
danger factor in th e  position  is th e  possib ility  th a t  
consumers have overbought, c reating  th e  likelihood 
of resales.

Average price of cash s tan d ard  copper : February , 
1929, ¿78 5s. lOd. ; Jan u ary , 1929, ¿75 11s. l id .  ; 
February, 1928, ¿61 14s. ; Jan u ary , 1928,
¿61 18s. l id .

T i n .— This m ark e t was very  stead y  during  
February. In d u stria l dem and was qu ie t and  such 
activ ity  as was disp layed by th e  “  bull ” group 
was m erely d irec ted  to  supporting  prices a t  th e  
existing level. A m erican trad e  indications are 
hopeful, however, so th a t  la te r  on bigger buying 
may m aterialize from th a t  direction. W ith  world 
production still’going ahead and  “  visible supplies ” 
expanding fu rth e r— F ebruary  w itnessed an  increase 
in the  la t te r  of som e 2,000 tons— it  is difficult, 
nevertheless, to  tak e  a  really  op tim istic  view  of th e  
im m ediate outlook.

Average p rice  of cash stan d ard  t in  : February , 
1929, ¿223 4s. 8d. ; Jan u ary , 1929, ¿222 16s. 3d. ; 
February , 1928, ¿233 18s. lOd. ; Jan u ary , 1928, 
¿253 6s. 5d

L e a d .  T here  was a  tendency  tow ards ra th e r
firmer conditions during February , though trade

buying rem ained som ew hat qu iet. A rrivals were 
short, and  th is  was p robably  th e  reason for the  
m ain tenance of prices, w hilst there  was also an 
inclination  to  tak e  a  hopeful view  of th e  outcom e 
of th e  proposed producers' m eeting  in  March. On 
th e  C ontinen t deliveries were adversely affected 
by  th e  severe frost, which hindered  an d  in m any 
cases en tire ly  suspended canal and ra il traffic.

Average m ean price of soft foreign lead : February , 
1929, ¿23 2s. lOd. ; Jan u ary , 1929, ¿22 4s. 6 d ' ; 
February , 1928, ¿20 10s. 3d. ; Jan u ary , 1928, 
¿21 19s. lOd.

S p e l t e r . — T his m ark e t was steady. D em and 
was dull, b u t on th e  o th er hand  producers were n o t 
inclined to  press sales. I t  was significant, how 
ever, of th e  poor position  th a t ,  a lthough supplies 
were held up  by  th e  frosty  w eather, th ere  was no 
effort a t  an y  "  bull ” m ovem ent. The undertone 
seems nevertheless fairly  good, owing to  th e  evidence 
th a t  producers are seriously going ahead  w ith  th e ir 
program m e of o u tp u t curta ilm en t, which is to  be 
m ain ta in ed  a t  10% during  March.

Average m ean price of spelter : February , 1929, 
¿26 5s. l i d . ; Jan u ary , 1929, ¿26 4s. 3d .; February , 
1928, ¿25 10s. 2d. ; Jan u ary , 1928, ¿26 Is. 9d.

I r o n  a n d  S t e e l . — Conditions im proved con
siderably  on th e  Cleveland pig-iron m arket during 
F ebruary , and  m akers advanced th e ir  prices by 
Is., m aking quotations as follows : No. 1 Cleveland 
foundry, 69s. 6d. ; No. 3 G.M.B., 67s. ; No. 4 
foundry, 66s., and  No. 4 forge, 65s. 6d.
Consumers disp layed m ore readiness to  en te r in to  
forw ard com m itm ents. H em atite  was also firm 
and  ra th e r  scarce, w ith  th e  q u o ta tio n  for E as t 
Coast M ixed Nos. well m ain ta ined  a t  72s. 6d. 
In  finished iron and  steel fresh dem and was quieter, 
b u t m any  works, pa rticu la rly  those engaged on 
ship steel, were qu ite  actively  employed.

I r o n  O r e . — The even ten o u r of th e  m ark e t was 
upset by  th e  severe w eather on th e  C ontinent in 
February , w hich stopped th e  m ovem ent of supplies 
down th e  R hine and  in  certa in  o ther directions. 
However, m ost works h ad  m oderate stocks on hand 
an d  no serious shortage seems to  have occurred. 
Fresh  business rem ains small, owing to  th e  well- 
booked condition of b o th  m ines and  users, and 
prices a re  som ew hat nom inal, w ith  best Bilbao 
rubio around 22s. 6d. p er to n  c.i.f.

A n t i m o n y . — A good business is passing in  English 
regulus, w ith  th e  price steady  a t  ab ou t ¿54 to ¿55 
p e r ton . Chinese regulus has been q u ie t ; m ateria l 
on sp o t is ab ou t ¿38 per ton  ex warehouse, w hilst 
for sh ipm ent from  China th e  cu rren t value is abou t 
¿33 10s. c.i.f.

A r s e n i c . — The m ark e t has ru led  qu ietly  steady , 
w ith  99%  Cornish w hite  priced a t  ¿16 to  ¿16 5s. 
pe r ton  according to  q u an tity , f.o.r. mines.

B i s m u t h . —No change has occurred in  th e  official 
price, which stands a t  7s. 6d. per lb. for m erchant 
lots.

C a d m iu m .— Some tem p o rary  easiness was w it
nessed in  th e  price of th is  com m odity recently, as 
dem and slackened for a  tim e and  th e  liqu idation  
of m erchant parcels weakened prices. L atterly , 
however, there  has been a b e tte r  tone again and  the  
cu rren t price m ay be called ab o u t 4s. Id . to  4s. 2d. 
per lb.

C o b a l t  M e t a l . — Q uite a b risk  in q u iry  has been 
seen, b u t th e  official price of 10s. per lb. is shaded 
for good contracts.
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LONDON D A IL Y  M ETA L PR IC E S
Copper, Lead, Zioc, and Tin per Long Ton ; Silver per S tandard  Ounce ; Gold per Fine Ounce.

CO PPER.

Stan da rd . E lectrolytic .
W ire  B ars

B est S elected

Cash. 3 Months. Near. Forward. Near. Forward. Cash. 3 M onths.

Feb. f s. d. £ s. 6 . £ s. d. £ s. d. £ s. d. £ s. d. r s. d. £ s. d. r s. d.
11 2 6 77 8 9 84 0 1) 84 10 0 84 10 0 — — 094 10 0 225 10 1)
12 76 10 0 77 II 0 83 10 0 84 10 0 84 10 0 81 10 0

01 
00 15 0 224 15 0 225 0 0

13 76 7 6 n 0 0 33 10 0 84 10 0 84 10 0 — —• 224 10 0 225 0 0
14 76 7 6 77 0 0 83 10 0 84 10 0 84 10 u — — 224 0 0 225 7 6
15 76 7 6 77 3 6 83 10 0 84 10 0 84 10 9 81 5 0 82 10 0 224 1) 0 224 15 0
18 76 0 76 18 9 83 10 p 84 10 0 84 10 0 — — 220 15 0 221 10 0
19 76 10 (1 77 3 9 83 10 0 84 10 u 84 10 0 81 5 0

CV100 10 0 223 (1 0 2 9 3 15 0
20 76 17 6 77 10 n 83 10 0 84 10 0 84 10 0 — — 222 (1 0 222 17 6
21 77 1 3 77 16 3 84 0 0 84 10 0 84 10 u — — 221 17 6 222 17 6
22 77 16 O 78 11 3 84 0 0 84 10 0 84 10 0 81 15 0 83 0 0 220 10 0 221 10 0
25 78 3 9 78 17 6 84 0 0 84 10 0 84 11) 0 — — 221 12 6 222 12 (i
26 79 13 9 8!) 7 6 85 0 0 8b 15 0 8o lb 0 83 0 (' 84 0 0 220 12 6 222 12 6
27 81 5 (1 80 O 9 86 10 0 87 10 I) 87 10 0 — — 220 12 6 222 12 6
28 82 12 6 83 12 6 88 10 0 89 10 II 89 10 0 — — 220 5 0 222 12 6
Mar.

1 83 12 6 84 16 3 89 10 0 90 10 (1 90 10 0 86 15 0 88 <1 II 220 2 6 222 10 0
4 82 £ 6 33 12 6 91 n 0 91 10 0 91 10 u — — 219 15 0 222 10 0
o 83 10 (1 84 13 9 91 0 0 91 10 0 91 10 0 87 0 0 88 10 (1 220 0 0 222 10 0
0 82 10 0 81 17 6 91 0 0 91 10 0 91 10 0 — — 219 r> 1) 221 n 0
7 82 10 1) 83 17 6 91 0 0 91 10 0 91 10 0 — —. 218 12 6 220 10 0
8 82 5 0 83 12 6 91 0 0 91 10 0 91 10 0 87 10 0 00 00 15 0 220 0 0 220 10 0

TIN . ZINC
(Spelter).

N ear. Forward.

£
26 
26 2 6

s. d.
2 6

26 
26 
26 
26 
26 
26 
26 
26 
26 6 
26 6 
26 6 
26 7

26 5 
26 8 
26 7 
26 3 
26 2 
26 2 6

26
26
26
26
26
26 5 
26 3 
26 6 
26 5 
26 5 
26 6 
26 5 
26 5 
26 8

s. d.
6 3 
6 3 
3 
3

26 10 0
12

26 11 
26 10 
26 8 
26 11

C o b a l t  O x i d e s .— T h e r e  i s  n o  c h a n g e  t o  r e p o r t ,  
b l a c k  o x i d e  s e l l i n g  a t  8 s .  p e r  l b .  a n d  g r e y  a t  8 s .  l O d .

P l a t i n u m . — D em and has tak en  a  tu rn  for th e  
b e tte r  recently  and, a lthough prices are unchanged 
a t  ¿13 17s. 6d. pe r oz. for refined m etal, th e  tone 
is m uch be tte r.

P a l l a d i u m . — A  small im provem ent is noticeable 
in sym pathy  w ith p latinum , b u t generally speaking 
th e  m arket is n o t p a rticu larly  active. Prices 
still range from  ¿9 10s. to  ¿10 10s. p e r oz.

I r i d i u m .—The m arket rem ains q u ie tly  steady , 
sponge and  powder being priced  a t  ¿57 to  ¿60 p e r oz.

S e l e n i u m .— A  s t e a d y  b u s i n e s s  c o n t i n u e s  i n  
h i g h  g r a d e  b l a c k  p o w d e r  a t  7 s .  8 d .  t o  7 s .  9 d .  p e r  l b .  
e x  w a r e h o u s e .

T e l l u r i u m . — T his is an  idle m ark e t an d  prices 
are nom inal a t  around 12s. 6d. to  15s. p er lb.

M a n g a n e s e  O r e .— A part from  a few odd lots 
which have been sold on th e  C ontinen t business 
has been slow and  m ost of th e  larger users seem 
to lerably  well covered for some tim e  ahead. Prices 
are around Is. 2d. p er u n it  for first q u a lity  ores 
and Is. to  Is. 0£d. p er u n it  c.i.f. for o rd in ary  grades.

A l u m i n i u m .— This m arke t w ears a very  stead y  
appearance and prices are unchanged a t  ¿95, less 
2% , delivered.

S u l p h a t e  o f  C o p p e r .— The strong  copper m ark e t 
has na turally  resulted  in  firm er conditions in  th is  
com m odity and English m ateria l is now held for 
abou t ¿28 10s. to  ¿29, less 5% .

N i c k e l .— A  g o o d  b u s i n e s s  c o n t i n u e s ,  w i t h  p r i c e s  
a b o u t  ¿ 1 7 0  t o  ¿ 1 7 5  p e r  t o n .

C h r o m e  O r e . — A bout ¿4  5s. to  ¿4 7s. 6d. pe r 
ton rem ains the  price of 48%  R hodesian , while 
Ind ian  and New Caledonian are ra th e r  dearer.

Q u i c k s i l v e r .—L atte rly  th ere  has been a sm all 
im provem ent in  inquiry , b u t th e  m ark e t can 
hardly  be called active. Spot m ate ria l stan d s a t  
abou t ¿22 2s. 6d. to  ¿22 5s. p er bo ttle .

T u n g s t e n  O r e . — Business has n o t been p a rticu - 
i arly  brisk, b u t sellers rem ain  ra th e r  reserved

LEAD. SILV ER.

GOLDS oft

Near.

'OREIGN.

Forward.
E n g l ish . F or

ward.
Cash.

£ s. d. £ s. d. £ s. d. d. d. s. d. Feb.
23 6 3 23 5 0 24 15 0 25j§ 2511 84 11* 11
23 6 3 23 5 0 24 15 0 25* 25* 84 11* 12
22 17 6 22 16 3 24 10 0 25* 2511 84 11* 13
22 16 3 22 16 3 24 10 0 251 25! 84 11* 14
22 17 6 23 1 3 24 10 0 25* 25Ü 84 11* 15
23 2 6 23 3 9 24 10 0 25S 25 H 84 11* 18
23 3 9 23 3 9 24 10 0 25* 25*

25H
84 10= 19

23 5 0 23 6 3 24 15 0 2 5 ff 84 11* 20
23 7 6 23 7 6 24 15 0 2S|1 2513 S4 11* 21
23 15 0 23 15 0 24 15 0 25* 2 5 f 84 l l i 22
23 10 0 23 10 0 24 10 0 2 6 * 26 8-1 11* 25
23 11 3 23 12 6 24 12 6 2 6 * 26 84 10? 26
23 13 9 23 13 9 24 12 6 26 25H 84 l l i 27
23 17 6 23 17 6 25 0 0 261 26* 84 11* 28

Mar.
23 1.5 0 23 16 3 25 0 0 2 6 * 26 84 l l i 1
23 12 6 23 12 6 25 0 0 26 84 11* 4
23 13 0 23 16 3 25 0 0 25jg 251§ 84 10* 5
23 16 3 24 0 n 25 5 0 26 26 31 l l i G
23 18 9 24 2 6 25 5 0 26* 2 6 * 84 11* 7
23 12 6 23 16 3 25 0 0 26 26 84 11* 8

owing to  hav in g  lit t le  to  offer for th e  tim e being, 
and  prices seem q u ite  firm a t  a round  19s. to  19s. 6d. 
per u n it c.i.f. for forw ard sh ipm ent from  China.

M o l y b d e n u m  O r e . — F o r 85%  A u stra lian  con
cen tra te s  ab o u t 34s. to  34s. 6d. per u n it c.i.f. is 
nam ed.

G r a p h i t e . — A steady  dem and is m aintained, with 
prices unchanged a t  ¿25 to  ¿27 p er ton  c.i.f. for 
85 to  90%  M adagascar flake and  ¿22 to  ¿24 c.i.f. 
for high grade Ceylon lumps.

S i l v e r . — On F eb ru ary  1 sp o t b ars stood at 
26 I5ed. In d ia  bought early  in  th e  m onth , bu t with 
th e  Chinese new year holdrays an d  rio ts  in  Bombay 
qu ie te r conditions prevailed  an d  in  th e  absence of 
sup p o rt prices receded to  25fd . on th e  16th ult. 
L a te r  in  th e  m on th  In d ia  again  appeared as a 
m oderate  b u yer and, a lthough  A m erica proved a 
m ore ready  seller, prices recovered som ew hat and 
on F eb ruary  28 spo t bars closed a t  26£d.
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STATISTICS
PRODUCTION OF GOLD IN  TH E  TRANSVAAL.

R a n d .
E l s e 

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

Oz. Oz. Oz.
April, 1928................. 789,823 36,084 825,907
May............................. 849,155 37,031 886,186
June .......................... . .  1 825,143 37,220 862,363
J u l y ........................... 828,482 38,729 867,211
August ..................... 854,172 37,691 891,863
September ................. 819,341 38,390 857,731
O cto b e r....................... 858,945 38,775 897,720
N ovem ber................... 832,461 40,023 872,484
December..................... 821,582 38,179 859,761

Total, 1928 ......... 9,908,188 451,408 10,359.596

January, 1929 ............. . .  I 840,344 36,108 876,452
February ................... . .  ! 778,559 36,725 815,284

NATIVES EM PLOYED IN TH E TRANSVAAL MINES.

G o l d

M i n e s .
C o a l

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

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

February 29, 1 9 2 8 ... 197,340 16,590 4,668 209,774
March 31 ................... 199,487 16,720 5,167 214,950
April 30 ..................... 199,820 16,696 5,664 219,700
May 3 1 ....................... 198,461 16,943 5,742 222,172
June 30 ..................... 197,186 16,870 5,650 222,340
July 3 1 ....................... 194,584 16,695 5,189 220.345
August 31 ................. 194,788 16j553 4,839 218,578
September 30 ........... 194,936 16,724 4,535 215,843
October 3 1 ................. 193,147 16,767 4,807 216,362
November 30 ........... 190,870 16,803 4,889 216,628
December 31 ............. 187,970 16,059 4,444 208,473
January 31, 1929 . . . 192,526 15,845 50,56 213,427
February 28 ............... 196,150 15,940 5,635 217,725

TRANSVAAL GOLD OUTPUTS.

J a n u a r y . F e b r UARY.

Treated
Tons.

Yield
Oz.

Treated
Tons.

Yield
Oz.

B rakpan ....................... 84,500 £134,547 80,800 £131,315
City Deep ..................... 91,500 23,875 83,000 22,033
Cons. Main R e e f ........... 60,500 22,199 53,000 20,759
Crown Mines................... 208,000 68,105 195,000 65,497
D’rb’n Roodepoort Deep 40,300 14,037 35,300 12,598
East Rand P.M.............. 140,500 37,715 132,000 35,162
Ferreira Deep ............... 32,000 5,358 30,400 4,921
Geduld............................. 85,500 26,755 79,500 24,978
Geldenhuis Deep ......... 63,000 14,483 55,000 13,302
Glynn’s Lydenburg . .  . 6,200 1,960 5,200 1,635
Govemmen t G.M. Areas 208,000 £400,810 187,000 £363,220
Klein fon tein ................. 53,100 11,387 48,400 10,845
Langlaagte E state . . . . 83,000 £110,095 76,000 £104,161
Luipaard’s V le i ............. 24,000 5,933 21,200 5,421
Meyer and Charlton . . . 17,200 £18,940 16,200 £18,329
Modderfontein New .. 147,000 73,714 133,000 US,386
Modderfontein B ........ 71,500 26,761 64,000 24,559
Modderfontein Deep . . 45,700 24,056 41,800 22,117
Modderfontein E ast . .  . 05,000 20,020 G1,000 19,072
New State Areas ......... 78,000 £138,490 71,000 £129,184
Nourse ............................ 61,000 16,752 57,000 16,327
Randfontein ............. 207,000 £207,098 191,000 £189,123
Robinson D e e p ............. 77,000 21,924 67,000 19,844
Rose Deep ..................... 55,800 11,622 50,300 10,722
Sabie .............................. 3,COO £3,515 3,220 793
Simmer and J a c k ......... 74,300 21,924 67,500 17,236
Springs............................ 72,000 £147,605 64,000 £132,001
Sub N ig e l....................... 23,700 22,515 23,400 21,197
Transvaal G.M. Estates 14,620 4,531 13,320 4,636
Van Ryn ........................ 39,000 £40,555 37,000 £38,636
Van Ryn Deep ............. 66,000 £107,053 60,000 £99,268
Village Deep ................. 59,000 15,535 55,000 14,468
West Rand Consolidated 86,000 £90,766 77,000 £82,737
West S p rin g s ................. 63,000 £80,785 57,000 £72,694
Witw’tersr’nd (Knights) 53,000 £45,137 48,000 £42,809
W itvatersrand Deep . . 43,000 9,828 41,500 9,429
W olhuter.......................... 27,700 6,384 25,900 6,000

PRODUCTION OF COLD IN RHODESIA.
1926 1927 1928 1929

oz. oz. oz. oz.
Jan u a ry ................. 48,967 48,731 51,350 46,231
February ............. 46,020 46,461 46,286 —
M a rc h ................... 46,902 50,407 48,017 —
A p r i l ..................... 51,928 48,290 48,549 —
May ...................... 49,392 48,992 47,323 —
J u n e ....................... 52,381 52,910 51,762 —
Ju ly  ..................... 50,460 49,116 48,960 —
A ugust................... 49,735 47,288 50,611 —
Septem ber............. 48,350 45,838 47,716 —
October ............... 50,132 46,752 43,056 —
November ........... 51,090 47,435 47,705 —
December ........... 48,063 49,208 44,772 —

Total . . . . 593,426 581,428 575,913 46,231

RHODESIAN GOLD OUTPUTS.

J a n u ARY. F e b r u a r y .

Tons. Oz. Tons. Oz.

Cam and Motor .........
Globe and Phcenix . . .
Lonely Reef ...............
Rezende ..................... ..
Shamva .......................
Sherwood S t a r r ...........

25,000
6,029
5,300
6,400

48,500
4,800

11,205
5,405
4,194
2,980

£26,099
£7,874

22,000
6,005
5.000
6.000 

43,900
4,600

11,276
5,119
4,066
2,911

£23,874
£7,640

AUSTRALIAN GOLD OUTPUTS BY STATES.

Victoria. Queensland.
New South 

Wales.

Oz. Oz. Oz.
January , 1928 ....................... 891 3,906 1,336
F e b ru a ry ................................ 2,276 886 1,108
M arch ...................................... 2,098 1,339 4,170
A p ril ........................................ 2,811 846 318
May ........................................ 2,990 321 397
J u n e ........................................ 3,932 498 487
J u ly  ........................................ 3,208 772 154
A u g u s t.................................... 2,637 600 3,447
S e p te m b er.............................. 3,36G 644 364
October .................................. 2,632 820 250
November................................ 3,111 865
December .............................. — —

Total ............. 30,952 11,587 12,043

W EST AUSTRALIAN GOLD STATISTICS.
Reported 

for Export 
Oz.

Delivered 
to  Mint 

Oz.
Total

Oz. Value £

F ebruary, 1 9 2 8 ... . 99 32,021 32,120 136,436
March ...................... 614 22,989 23,603 100,259
April ........................ 213 36,274 36,487 154,980
M a y .......................... 72 29,192 29,264 124,305
J  une ....................... 348 39,101 39,449 167,568
J u l y .......................... 184 29,215 29,399 124,877
A ugust ................... 120 37,871 37,991 161,374
Septem ber ............. 426 31,871 32,397 137,613
O cto b e r................... 75 36,490 36,565 155,317
November ............. 390 31,076 31,466 133,658
D ecem ber............... 547 35,550 36,097 153,329
January , 1929 . . . . 237 27,147 27,384 116,319
February  ............... 116 28,061 28,177 119,080

AUSTRALASIAN GOLD OUTPUTS.

J a n u a r y . F e b r u a r y .

Tons Value £ Tons Value £

Associated G.M. (W.A.) .
Blackwater (N .Z .)...........
Boulder Persev’ce (W.A.) 
Grt. Boulder Pro. (W.A.) 
Lake View 8c S ta r  (W.A.) 
Sons of Gwalia (W.A.) . .  
South Kalgurli (W.A.) . .  
Waihi (N.Z.) ...................

3,962
3,153
4,932
6,633

12,709*

8,303
21,485t

6,527
5,830

14,461
20,945
21,151*

15,600 
(  7,230g 
\  34,99Ss

4,885
3,400
5,869
8,959
7,766

13,294
8,167

7,160
5,826

15,927
25,385
11,615
10,596
15,038

{ =
* December and January , t  Twenty-nine days. g Oz. gold, 

s Oz. silver.
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GOLD OUTPUTS, KOLAR D ISTRICT, INDIA.

J a n u a r y . F e b r u a r y .

Tons
Ore

Total
Oz.

Tons
Ore

Total
Oz.

Balagbat ..........................
Champion R e e f ...............
M ysore................................
Nundydroog ...................
O o regum ...........................

4,000
9,670

18,150
11,000
14,000

2,434
5,263
9,111
6,652
7,381

3,700
8,650

15,660
10,300
13,500

2,356
5,214
8,022
6,502
7,212

PRODUCTION O F T IN  IN  FED ER A TED  MALAY STATES. 
Estim ated a t 70% of Concentrate shipped to  Smelters. Long Tons.

WEST AFRICAN GOLD OUTPUTS.

J a n u a r y . F e b r u a r y .

Tons. Oz. Tons. Oz.
A shanti Goldfields . . . . 9,129 9,537 8,500 9,061
Taquah and Abosso . . . 10,010 £1.3,771 9,680 £13,287

MISCELLANEOUS GOLD, SILV ER, AND PLATINUM 
OUTPUTS.

Chosen Synd. (Korea) 
Frontino& Bolivia (C’lbia)
G abait (Sudan).................
La Noria (Mexico) .........
Lampa (Bolivia)...............
Lena (S ib e ria ) .................
Lydenburg Plat. (Trans.) 
M armajito (Colombia) . . 
Mexican Corp. Fresnillo . 
Onverwacht P latinum . . . 
Oriental Cons. (Korea) . . 
St. John del Rey (Brazil) 
Santa Gertrudis (Mexico)

J A N U A R Y . F e b r u a r y .

Tons Value £ Tons Value £

7,745 11,143 6,585 9,920
1,950 5,494 1,900 6,319

440 1,447 490 935
12,463 100,518d — —
40,000s — — —

— 32,616 — 15,195*
3,620 755p 3,235 607

710 2,832 540 3,019
88,541 123,550e — —

2,422 476p 2,220 475p
■— 81,000d — 69,000*2

10,980 29,800 — 29,000
49,934 127,695s — —

à dollars, p  Oz. platinoids, e Profit in dollars, 
s Oz. silver.

* F rcm  February  16 to  February 28.

COPPER, LEAD, AND ZINC OUTPUTS.

Broken Hill South . . . .

Burma Corporation . . .
Ewana M’K ubwa...........
Messina .......................
Mount Lyell ...............
N am a q u a .......................
N orth Broken H ill.........
Poderosa .......................
Rhodesia Broken H ill. .  

San Francisco Mexico . 
South American Copper 
Sulphide Corporation . .

T e tiu h e ...............
Union Minière . .
Zinc Corporation

J Tons lead conc. . .  
I Tons zinc conc. . . 
j  Tons refined lead 
1 Oz. refined silver 

Tons copper oxide 
Tons copper conc. 
Tons concentrates 
Tons copper . .  

f Tons lead conc.
1 Tons zinc conc. 

Tons copper ore
( Tons l e a d .........
I Tons slab zinc .
J Tons lead conc.
( Tons zinc conc. 

Tons M a tte .. .  .
/  Tons lead conc. 
\T o n s  zinc conc.
J Tons lead conc. 
\T o n s  zinc conc.
. .Tons copper ..
/  Tons lead conc.
1 Tons zinc conc.

J a n .

5,933a
5,939a
6,502

592,042
907

1,223

190
6,130
4,860

823
345
821

3,445
4.072

1,6496
2,4636

724
1,213
9,000
5.073 
4,188

F e b .

6,506
618,143

676
983

2,289

7,200
5,410

804
355
822

3,020
3,606

2,030c
3,024c

586
1,079

5,084
4,763

July , 1928 .................
A u g u s t ............. ..........
S e p te m b er.................
October ......................
Novem ber...................
December .................

To tal 1928 ..

Tons.
5,488
5,499
5,071
5,161
5,483
5,249

61,898

January , 1929 ...........
F ebruary ......................
M arch ..........................
April ............................
M ay................................
J u n e ..............................

Total 1929 .

'Lons.
5,840
4,896

10,736

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

Ampang .................
Chenderiang............. .
Gopeng .....................
Idris H ydraulic
I p o h ...............  .........
K am u n tin g ...............
K ent (F .M .S .)...........
K epong........................
K in ta ..........................
K in ta  K e lla s .............
K ram at P u la i ...........
K uala K a m p a r .........
L ahat ..........................
M alaya Consolidated
Malayan T i n .............
Meru ..........................
Pahang ......................
P a ttan i ......................
P en g k a len .................
P e ta lin g ......................
Rahm an ...................
R a m b u ta n .................
R antau  ......................
Renong ......................
Selayang......................
Southern Malayan . 
Southern Perak
Sungei B e s i ...............
Sungei K inta ...........
Sungei W ay .............
Taiping ......................
T a n jo n g ......................
Teja M a la v a .............
Tekka  .................
Tekka-Taiping...........
Tern o h ........................
Tronoh ...................

Dec. Jan. Feb.
Tons. Tons. Tons.

14 14 154
24 24 20
774 804 774
38! 354 35|
42 494 434
97 7 1 ' 63'
594 54 51
24 254 18
344 304 30
32 2 3 | 25
244 254 224

147 — 142
21f 21 194
79 704 664

160! 1784 1543
2 0 | 20 —

2094 206 208
5 34 44

654 51 51
1784 190 220

594 594 564
15 15 12
52 69 55
604 6 0 | 50!
254 18 124

1044 1044 954
804 504 47
46 46 43
29! 38 | 33!
35 | 444 474
35 ■41 41
4 1 | 224 24

8 134 0
48 504 504
51 51 45
— 17 15!

108 96 1094

OUTPUTS OF N IG ERIA N  T IN  M INING COMPANIES. 
I n  L o n g  T o n s  o f  C o n c e n t r a t e .

a  Six weeks to  F ebruary 9. b F our weeks to  Jan u ary  26. 
c Four weeks to  February  23.

December. January. February.

Tons. Tons. Tons.
Amari ....................................... 7 _ _
A nglo-N igerian........................ 65 60 —
Associated T in Mines ........... 274 245 _
Baba R iv e r .............................. 54 54 _
B atura M onguna...................... 44 44 _
B is ic h i....................................... 50 53 56
D afio ........................................... 6 6 5
Ex-Lands ................................ 65 50 —
F ila n i......................................... 24 2 1}
J a n ta r ......................................... 35 40 35
Jos ............................................. 254 19 17
Juga V a lley .............................. 14 11 —
J unction .................................. 20 20 —
K aduna ..................................... 40! 414 304
K aduna P ro sp e c to rs ............. 23! 264 18
K a s sa ......................................... 16 17 —
Lower Bisichi ..................... 64 54 4
Mongu ..................................... 60 35 —
N a ra g u ta .................................. 33 30 —
N araguta D u r u m i................. — — 9
N araguta F.xtended ........... 26 10 10
N araguta K a ra m a ................. 25 304 —
N araguta K o r o t ..................... 15 — —
Nigerian Base Metals ........... 444 62! —
Nigerian C onsolidated........... 20 20 20
N.N. B a u c h i............................ 150 150 —
Offin R iver................................ 94 124 12
Ribon Valley ......................... 17 184 —
R opp ........................................... 80 80 81
Rukuba ................. ................ .. 4 4 —
South B u k e ru .......................... 6 10 124
Tin F ie ld s ................................ 64 7 6!
Tin Properties.......................... 22 24
United Tin A re a s ................... 64 74 —
Yarde K erri ............................ 10 10 15
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OUTPUTS OF O TH ER  T IN  M INING COMPANIES.

I n  L o n c - T o n s  o f  C o n c e n t r a t e .

Dec. Jan . Feb.

Tons. Tons. Tons.
Anglo-Burma (Burm a)............... 19J 11 6
Aramayo Mines (Bolivia) ......... 345 253 251
Bangrin (Siam) ........................ 33f 44! 41!
Berenguela (B o liv ia ) ................. 33 33 —
Briseis (T asm ania)..................... 30 20 —
C'nsolidated Tin Mines (Burma) 107* 94* —
Eastern Siam (S iam )................. 11 11 34
East Pool (Cornwall)................. 80! 83 81
Fabulosa (B oliv ia)..................... 158 165 145
Geevor (Cornwall)....................... 70 68 68
Jan ta r (Cornwall) ..................... — 29f —
Kagera (U ganda)....................... 23 23 23
Leeuwpoort (T ransvaa l) ........... 180t — —
Levant (Cornwall) ..................... 117ft — —
McCreedy (Swaziland) ........... 15l t — —
Rooiberg (Transvaal) ............... 115Í — —
San Finx (Spain) ..................... 40* 364* —
Siamese Tin (Siam) ................. 117t 1204 98
South Crofty (C ornw all)........... 73! 664 61!
Tavoy Tin (B urm a)................... 60 50 —
Theindaw (Burma) ................... 6 o •—
Tongkah H arbour (S iam )......... 87 87 86
Toyo (Japan)................................ 35 41 —
Wheal K itty (Cornwall)............. 29 42

* Tin and Wolfram. t  Three m onths. J Two months.

STOCKS OF TIN .

Reported by A. Strauss & Co., L td., Long Tons.

United Kingdom Stocks : , Feb. 28.
S tra i ts .......................................................................................  830
A ustralian ................................................................................. 67
B a n k a ....................................................................................... 110
Other S ta n d a rd ......................................................................  7,486
Banka Straits and Australian Landing .......................... 275

United Kingdom Afloat :
S tra i ts .......................................................................................  2,165
A ustralian............................................................................... 50
Banka ...................................................................................  494

Continent:
Banka in Holland ..................................................................  —
Do. Afloat ............................................................................. 1,074
Straits do.................................................................................... I 750

Other Countries :
Straits and Banka A f lo a t .....................................................  597

United States S traits and S tandard :
Afloat .......................................................................................  8,566
Landing .................................................................................  2,537
S to c k  ........................................................................... 770

T o ta l .................................................: ...............................125,771

SHIPMENTS, SUPPLY , AND CONSUMPTION OF TIN . 
Reported by A. Strauss and Co., L td ., Long Tons.

Feb.
2,796

600*
762
280

7,766
1,410

Supply :
1,935

735
4,540

556
1,410

125
3,122Standard U K and U S A  ...................................................

12,423

Consumption :
795
696

6,750
1,013

527

9,781

* January .

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

Dec. Jan. Feb.

ADglo-Ecuadorian............................ 13,679 13,106 12,024
Anglo-Egyptian .............................. 25,442 19,560 —
Apex T rin idad.................................. 31,950 32,640 31,880
A tto c k ............................................... 6,760 9,430 7,135
British B urm ah................................ 5,760 5,700 5,016
British Controlled ......................... 37,559 30,426 31.52S
Dacia R o m a n o ................................ — — —
Kern M ex.......................................... 1,436 1,044 860
Kern River (Cal.) .......................... 5,390 5,690 3,226
Kern Romana ................... ............ 4,296 3,906 3,572
K em  Trinidad ................................ 3,807 4,548 3,733
Lobitos ............................................. 25,722 26,901 25,268
Mexican E agle.................................. 100,714 78,001 .— .
Phoenix.................................... .. 29,236 33,484 32,516
St. H elen’s P e tro leu m ................... 5,654 5,218 11,214
Steaua R o m a n a .............................. 64,430 60,670 50,390
Trinidad Leaseholds ..................... 35,150 34,200 28,800
United of Trinidad ....................... 4,883 5,872 —
Venezuela Oil Concessions............. 575,666 514,181 —

PETROLEUM  PRODUCTS PRICES. London, M arch 7. 
R e f i n e d  P e t r o l e u m  : W ater white 8£d. per gallon ; standard 

white, 74d. per gallon ; in barrels 3d. per gallon extra.
M o t o r  S p i r i t  : Inner London Zone : Aviation spirit Is. 9d. per 

gallon ; No. 1, Is. 5d. per gallon ; No. 3, Is. 3d. per gallon. ^  
F u e l  O i l  : Furnace fuel oil, £3 7s. 6d. ; Diesel oil, ¿4 per ton. 
A m e r i c a n  O i l s  : Best Pennsylvania crude a t wells, $4T0 per 

barrel. Refined standard  white for export : in barrels 14‘25 
cents. Refined water white : in barrels 15‘25 cents.

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

! Feb. 6, Mar. 7, 
1929 1929

( s. d. f s. d.
Anglo-American ................................................. 3 6 3 3 12 r>
Anglo-Ecuadorian ............................................. 1 3 9 1 2 0
Anglo-Egyptian B ......................... .................. 2 13 9 2 15 0
Anglo-Persian 1st Pref.......... ......................... 1 8 0 1 7 0

,, ,, O rd ............................................... ■1 6 3 4 8 9
Apex Trinidad (5s.) .......................................... 1 6 3 1 6 3

3 n n 3 n
British Burm ah (8s.) ........................................ 7 3 7 I)
British Controlled ($5) .................................... r> 3 5 0
Burmah O i l ............. ............................................ 4 7 6 4 7 6.
Kern River, Cal. (10s.) .................................... 8 0 8 6
Lobitos, Peru ..................................................... 9 2 6 2 1 3
Mexican Eagle, Ord. (4 pesos) ....................... 13 6 12 9

,, ,, 8% Pref. (4 pesos) ............... 13 0 18 0
Phoenix, Roumania ........................................... 14 0 13 0
Royal D utch (1,000 fL)...................................... 32 0 0 32 10 0
Shell T ransport, Ord. 4 16 3 4 12 6

5% Pref. (£10 )..................... 9 17 6 9 18 9
Steaua Romana ................................................. 12 0 11 3.
Trinidad L easeholds.......................................... 4 6 3 4 6 3
United British of Trinidad (6s. 8d.) ............. 8 9 9 6
V.O.C. H o ld in g ................................................... 4 8 9 4 2 6

DIVID EN D S DECLARED BY M INING COMPANIES. 
D uring m onth ended March 9.

Figures in  brackets represent par value of shares and the dates 
are the days on which the dividends are payable. 

Amalgamated Ziac (8s.), 4% , April 10.
Anglo-American Corporation of S. Africa (£1), 2s. Cd. less tax, 

M arch 20-
Balaghat (10s. Pref.), 6d. less tax , April 3.

„ (Its . Ord.), 6d. less tax, April 3.
Consolidated Mines Selection (10s.), 2s. less tax.
E xploration (10s.), Is. 3d. less tax.
Kagera Tinfields (5s.), 6d. less tax, March 5.
Koffyfontein Mines (£1), 3s. less tax.
K ram at Pulai (£1), 6d. less tax , March 11.
Malayan Tin Dredging (os.), 6d. less tax, March 13.
Mysore Gold Mining (lCs.), Is. 6d. less tax, March 23.
N orth Broken Hill (£1), 2s. less tax, March 27.
Nundydroog (10s.), Is. 6d. less tax, March 27.
Renong Tin Dredging (£1), Is. 6d. less tax, March 4.
Rhodesian and General (£1), 3s. 6d. less tax, F ebruary 28.
South African Gold T rust (£1), 2s. less tax, March 26.
Southern Malayan Tin Dredging (5s.), 3d. less tax, March 12. 
Southern Perak Dredging (£1), Is. less tax , March 11.
St. John  del Rey (£1 Pref.) Is. free of tax.

„  „  (£1 Ord.), Is. 6d. less tax.
Tanganyika Diamonds ins.), Is. 3d. less tax.
Tehidy Minerals (£1), 3d., free of tax.
Tekka (£1), 44d. less tax , March 2.
Venture T rust (10s.), 9d. less tax, March 12.
W itbank (£1), 6d. less tax , April 3.
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SHARE QUOTATIONS
Shares are £1 par value except where otherwise noted.

GOLD AND S IL V E R  :
SOUTH AFRICA :

Brakpan ...............................................
City Deep ...........................................
Consolidated Main Reef .................
Crown Mines (10s.)............................
Daggafontein ....................................
D urban Roodepoort Deep .............
E ast Geduld ......................................
E ast Rand Proprietary (10s.).........
Ferreira D eep......................................
G e d u ld .................................................
Geldenhuis Deep ..............................
G lynn’s Lydenburg .........................
Government Gold Mining Areas (5s.
Kleinfontein ......................................
Langlaagte Estate ............................
Luipaards Vlei (4s.) .........................
Meyer & Charlton ............................
Modderfontein New (10s.)...............
Modderfontein B (5s.).......................
Modderfontein Deep (5s.).................
Modderfontein E a s t ..........................
New State Areas ..............................
N ourse...................................................
Randfontein ......................................
Robinson Deep A (Is.) ...................

„  B ....................................
Rose D e e p ..........................................
Simmer & Jack  (2s. 6d.) .................
S p rin g s ..................................................
Sub Nigel (10s.)  ...........................
Transvaal Gold Mining Estates
Van Ryn ..............................................
Van Ryn D eep......................................
Village. D eep..........................................
W est Rand Consolidated (10s.)
W est S p rin g s ........................................
W itw atersrand (K night’s ) ...............
W itw atersrand D eep...........................
W o lh u te r ..............................................

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

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

AUSTRALASIA :
Associated Gold Mines (4s.), W.A.
Blackwater, N.Z................................
Boulder Perseverance (Is.), W.A. 
Great Boulder Proprietary(2s.),W .A 
Lake View and S tar (4s.), W .A ...
Sons of Gwalia, W .A .....................
South Kalgurli (10s.), W .A..........
W aihi (5s.), N.Z..............................
W aihi Grand Junction, N.Z. . . .
W iluna Gold, W.A.........................

INDIA :
Balaghat (10s.) ..............................
Champion Reef (10s).....................
Mysore (10s.)..................................
Nundydroog (1 0 s .) .......................
Ooregum (10s.) ..............................

AMERICA :
Camp Bird (2s.), Colorado ...............
Chosen (K orea)....................................
Frontino and Bolivia, Colombia . . .
Keeley Silver ($1.00), O n ta r io ........
Mexican Corporation, M exico...........
Mexico Mines of El Oro, Mexico . .  . 
Oroville Dredging, Colombia (4s.) . .
Panam a Corporation...........................
St. John del Rey, B ra z il ...................
Santa Gertrudis. M ex ico    *
Selukwe (2s. 6d.), British Columbia. 
Vipond ($1), O n ta r io .........................

RUSSIA:
Lena Goldfields..................................
Orsk Priority .............................. /

Feb. 0. Mar. 7.
1929 1929.

£ s- d. £  s. d .
4 16 3 4 8 9

12 6 11 3
17 6 15 9

3 8 9 3 2 6
1 1 3 1 1 3

11 3 11 3
2 1 3 1 18 9

14 0 11 9
7 0 6 9

4 1 3 3 12 6
5 0 4 3
5 0 5 0

2 1 3 1 19 3
2 9 2 9

1 3 0 1 1 0
5 3 4 6

10 0 9 3
5 10 0 5 5 0
1 5 0 17 0
1 13 9 1 9 3
1 11 3 1 5 3
1 13 9 1 11 9

8 6 8 0
8 0 6 9

15 0 13 9
12 0 12 0
6 G 6 3
3 0 3 0

3 13 9 3 S 0
2 5 0 1 13 3

10 6 9 6
10 0 11 0

2 3 9 2 0 9
3 6 3 6

12 0 11 0
1 3 0 18 9

9 0 8 0
4 0 5 0
1 0 1 0

2 1 3 1 18 0
6 0 6 3

11 0 10 9
1 16 3 1 7 6
1 0 0 18 0

12 0 9 3
11 3 9 3

1 3 0 1 1 3
2 6 2 3

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

11 6 12 0
3 0 3 3

15 6 16 9
14 6 14 0

1 0 1 0
1 6 3 1 3 G

5
10
10
18
13

9
0
6
3
6

6
10
16
18
13

0
0
0
9
0

3 6 2 9
17 6 17 6
8 9 8 9
2 0 2 0

12 3 10 0
15 0 0 6

3 0 2 9
12 6 12 0
12 0 10 0
12 0 10 0
8 n 7 0
5 0 5 0

5 3
3

4 0
3

D I A M O N D S :
Consol. African Selection T rust (5s.)
Consolidated of S.W .A.......................
Dc Beers Deferred {£2 1 0 s .) ...........
Jagersfon te in .......................................
Premier Preferred (5 s .) ....................

C O P P E R :
Arizona Copper (5s.) Arizona ._. . . .  
Bwana M’K ubwa (5s.) Rhodesia. ..
Esperanza Copper, Spain ...............
Messina (5s.), Transvaal .................
M ount Lyell, T a sm a n ia ....................
N am aqua (£2), Cape P rovince.........
N ’Changa, R h o d e s ia ........................
Rio Tin to  (£5), S p a in ........................
Roan Antelope (5s.), Rhodesia . . . .  
Tanganyika, Congo and Rhodesia .

L E A D - Z I N C :
Broken Hill P roprietary N.S.W . .
Broken Hill N orth, N .S.W .............
Broken Hill South, N .S.W ..............
Burm a Corporation (10 rupees). . .  
Electrolytic Zinc Pref., Tasm ania.
M ount Isa, Queensland....................
Rhodesia Broken Hill ( 5 s . ) ...........
Russo-Asiatic Consd. (2s. 6d.) . . .  
San Francisco (10s.), Mexico . . . .  
Sulphide Corporation (15s.), N.S.W
Tetiuhe (5s.), Siberia...................
Zinc Corporation (10s.), N.S.W.

T I N :
Aramayo Mines (25 fr.), Bolivia . .
Associated Tin (5s.), Nigeria .........
Bangrin, S ia m .....................................
Bisichi (10s.), Nigeria ......................
Briseis, T a sm a n ia ..............................
Chenderiang, M a la y ..........................
Dolcoath (10s.), Cornwall ...............
E ast Pool (5s.), Cornwall ...............
Ex-Lands Nigeria (2s.), Nigeria . ..
Fabulosa ($1.00), Bolivia ...............
Geevor (10s.), C o rn w a ll...................
Gopeng, Malaya ................................
Id ris  (5s.), Malaya ............................
Ipoh Dredging (16s.), M a la y ...........
K am unting (5s.), Malay .................
K inta, M alay .......................................
L ahat, Malay .....................................
Malayan Tin Dredging (5s.), Malay
Mongu (10s.), Nigeria ......................
N araguta, Nigeria ............................
Nigerian Base Metals (5s.) .............
N.N. Bauchi, Nigeria (10s.) ...........
Pahang Consolidated (5s.), M alay ..
Pengkalen (5s.), Malay ...................
Petaling (2s. 4d.) ..............................
Renong Dredging, Malay ...............
Ropp (4s.), N ig e r ia ............................
Siamese Tin (5s.), S ia m ...................
South Crofty (5s.), C o rnw all...........
Southern Malayan ............................
Southern Perak, M alay......................
Southern Tronoh (5s.)........................
Sungei Besi (5s.), Malay .................
Tavoy (4s.), Burm a ..........................
Tekka, Malay ....................................
Tekka Taiping, M a la y ......................
Toyo (10s.), J a p a n ............................
Tronoh (5s.), M alay............................

F I N A N C E ,  E t c .  :
Anglo-American Corporation.............
Anglo-French Exploration ...............
Anglo-Oriental (5s.)..............................
B ritish South Africa (15s.) ...............
Central Mining (£8) ............................
Chemical & Metallurgical Corp. (2s.)
Consolidated Gold Fields .................
Consolidated Mines Selection (10s.) .
General Mining and Finance ...........
Gold Fields Rhodesian (10s.) ...........
Johannesburg Consolidated .............
London Tin S y n d ica te ........................
Minerals S e p a ra tio n ............................
N ational Mining (8 s .) ..........................
Rand Mines (5s.) ................................
Rhodesian Congo Border .................
Southern Rhodesia Base M eta ls -----
South-W est A frica................................
Tin Selection T rust ............................
Union Corporation (12s. 6d.) ...........

Feb. 6
1929

£ s- d.
1 10 0
1 0 3

12 12 6
2 11 3
5 15 0

1 6 6
1 2 3
1 0 0

19 6
2 2 0
1 2 6
3 10 0

65 7 6
2 10 0
3 12 6

1 7 0
5 1 3
2 12 0

18 0
1 15 0
2 2 6

5 6
4 6

1 15 0
18 0

4 0
2 5 0

3 5 0
13 6

2 0 0
11 0
3 6

11 0
9

2 0O 3
9

9 0
2 5 0

16 9
1 8 9

17 6
12 3
14 0

1 9 6
10 6

1 8 9
6 0

1 3 3
11 0

1 0 3
12 0

1 13 9
9 3

19 6
5 3

14 0
2 10 o

11 0
13 9
18 0

1 0 0
1 2 0

10 0
1 0 0

2 5 0
1 7 0

12 6
2 1 6

19 10 0
4 6

3 2 6
1 0 0
1 7 6

12 0
2 10 6
3 17 6
4 5 0

4 9
3 8 9
4 12 6

10 0
16 0

1 12 0
4 15 0

1 Mar. 7, 
1929.

£  s. d.
1 7 0 
1 5  6

14 1 3
2 14 6 
6 0 0

1 12  0
1 0 3 
1 0 0

18 3
2 1 9 
1 2 6 
4 6 3

62 0 0 
2 6 0
3 12 6

1 7 0 
5 1 3 
3 0 6 

17 0
1 15 0
2 1 0 

4 0
4 0

1 15 0 
19 0
5 0

2 9 0

3 8 9 
12 0 

2 0 0
10 3 
3 6

11 0 
9

1 9
3 0 
1 1 
9 0 

2 3 9 
16 0 

1 8 9 
16 9
12 9 
14 3

1 S 0 
10 6 

1 6 3 
5 6 

1 2 6 
11 6 

1 0 6
13 3

1 13 9
8 6 

18 0 
5 6

14 6
2 9 0 

11 6 
13 9 
16 9 
19 9

1 2 0 
11 6 

1 0  6

2  6  0 
1 5  6 

19 3 
2 1 0 

19 5 6 
4 0 

2 18 9 
19 3

1 3 0 
11 4

2 8 9
4 0 0
5 3 6 

4 3
3 4 6 
5 15 0

10 3 
16 0 

1 6 3
4 10 0



T H E  M IN IN G  D IGEST
A  R E C O R D  O F  P R O G R E S S  I N M I N I N G .  M E T A L L U R G Y .  A N D  G E O L O G Y
In  this section we give abstracts o f important articles and papers appearing in  technical journals and 
proceedings o f societies, together with brief records o f other articles and papers ; also notices o f new 
books and pamphlets, lists o f patents on m ining and metallurgical subjects, and abstracts o f the yearly

reports o f m ining companies.

UM VUKW E CH RO M ITE DEPOSITS, RHODESIA
In  Short R eport No. 23 of th e  Southern Rhodesia 

Geological Survey, th e  Mining Geologist of the  
Survey describes th e  chrom ite deposits of Umvukwe 
Range in  th e  Lom agundi D istric t, Southern 
Rhodesia. Deposits are found in  th e  northern  section 
of the G reat D uke and  th e  a rea  described by 
Mr. Keep (shown in  th e  accom panying map) 
covers about 9 by  3 miles of the  dyke, w ith  about 
equal extents of county  on each side of th e  dyke, as 
will be seen from th e  map.

The G reat Dyke, which is an im p o rtan t geological 
feature of Southern Rhodesia, extends in  a north- 
north-east to  south-south-w est d irection  for about 
330 miles th rough  Southern Rhodesia, its  average 
width being abou t 4 miles. I t  consists of basic 
and u ltra-basic igneous rocks which contain  in  
different p a rts  chrom ite seams, p la tinum  ore, 
and asbestos. As will be seen from  th e  m ap an 
irregular n o rth  and  sou th  line, defined by  th e  
boundaries betw een farm s and following the  sum m its 
of the range, which lie tow ards th e  eastern  side of 
the Great Dyke, m arks th e  boundary  betw een th e  
Mazoe d istric t on th e  east and  th e  Lom agundi 
d istrict on th e  west. N early all th e  chrom ite 
occurs in th e  cen tral p a r t  of th e  Dyke, and 
is found in  th e  Lom agundi D istrict. The E the l 
asbestos mine, th e  trea tm e n t p lan t of which 
was described by Mr. Keep in  th e  M a g a z i n e  for 
February, is found w ith in  th e  lim its of th e  area 
mapped. The railw ays from Salisbury to  Sham va 
(Mazoe district) and from Salisbury to  Sinoia 
(Lomagundi district) pass w ith in  distances of 
approxim ately 30 miles from  th e  G reat D yke in 
this area, being on its  east and  w est sides 
respectively.

The eastern  edge of th e  G reat Dyke, a t  its  
contact w ith  th e  g ranite, lies a t  an  elevation above 
sea-level of nearly  5,000 ft., or 900 ft. above Con
cession sta tio n  on th e  Sham va railway. The 
western edge of th e  G reat D yke has an a ltitu d e  of 
approxim ately 4,500 ft., o r 350 ft. above B anket 
station on th e  Sinoia railway. The G reat Dyke 
in this area forms th e  U m vukwe Range, th e  peaks 
and ridges of which rise to  elevations up to  1,000 
feet above th e  floors of th e  transverse  valleys 
penetrating th e  range.

The G reat D yke, w ith in  th e  lim its of th e  area 
mapped, forms a  b e lt of en s ta tite  rock, p artia lly  
or completely serpentin ized as th e  case m ay be, 
trending from  N. 22° E . to  S. 22° W. I t  is in  con
tact w ith  gran ite , in  places gneissic, upon bo th  its  
eastern and  w estern  sides, and  varies in  w idth  
from tw o to  th ree  miles. The actual con tact of 
the G reat D yke rocks w ith  th e  gran ite  is poorly 
shown, th e  tw o b est exposures being a t th e  poin ts 
where th e  M sitwe and Jekeles spruits cross the  
road from  th e  E th e l m ine to  th e  M atoroshanga 
pass. In  b o th  these exposures abou t 1 ft. w idth  
of red soil occurs betw een th e  g ran ite  and  th e  G reat 
Dyke roads. The la tte r  consist of talc-schist for
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from  12 to  15 ft. inw ards from th e  gran ite , followed 
by badly  decomposed serpentine rock underlying 
th e  edge vleis of th e  G reat Dyke. The talc-schist 
has a  strike  of foliation parallel w ith  th e  edge of 
th e  D yke and  dips aw ay from th e  gran ite  a t  an 
angle of ab o u t 50°. In  th e  n o rth -east of th e  area 
outcrops of cem ented breccia, th e  broken pieces 
of which are alm ost invariab ly  serpentine rock, 
m ark  th e  eastern  con tact of th e  G reat D yke w ith  
th e  g ra n ite .

T here is no d o u b t th a t  differential m ovem ent 
has tak en  place betw een th e  rocks of th e  G reat 
D yke and  th e  granite  masses on e ither side. 
W hether th is  m ovem ent is due to  faulting  or to  th e  
expansion of th e  G reat D yke rocks upon 
serpentin ization , which involves a large increase 
in  volume, is as y e t unknown.

A large num ber of transverse  fau lts cross th e  
G reat D yke from  east to  west, being m arked by 
e ither (1) dolerite  dykes, of which th e  largest 
passes th rough  th e  E thel mine, o r  (2) m agnesite- 
opal veins. The dolerite dykes in  m any cases pass 
in to  th e  w estern  gran ite  in  a  m anner which shows 
th a t  no differential m ovem ent has tak en  place 
betw een th e  G reat D yke rocks and th e  gran ite  
a fte r th e  in trusion  of th e  dolerite. The m agnesite- 
opal veins form  th e  crests of m any of th e  transverse 
ridges of th e  G reat D yke, and are often seen, where 
m ining work has been done, to  fau lt the  chrom ite 
seams. T hey  rare ly  possess a throw  exceeding 
6 ft. The faults are of varying inclinations, from 
alm ost flat, when th ey  are often found form ing 
th e  foot or hanging walls of chrom ite seams, to  
n early  vertical, in  which case th ey  cu t th rough  
and  fau lt th e  chrom ite seams.

Chrom ite (Fe0.C r20 3) is an  oxide of iron and  
chrom ium  (32 and 68% by  w eight respectively) 
crystallizing  in  th e  cubic system  as octahedra, 
b u t often found having a fine-grained com pact 
s truc tu re . I t  is iron-black and  brow nish-black 
in  colour, and  has a hardness of 5-5. I t  is  a  heavy 
m ineral (specific g rav ity  of 4-3-4-5), of which 
approx im ately  9 cu. ft. weigh one ton  of 2,240 lb. 
In  all calculations of tonnages found in  th e  
m a tte r  below i t  has been considered th a t  i t  
requires 9-5 cu. ft. of chrom e ore to  weigh one ton, 
th e  increased figure having been taken  owing to  the  
fact th a t  th e  grade of th e  chrome ore never reaches 
th e  68% of th e  pure oxide.

I t  is only upon those blocks of claim s upon which 
th e  seam s have been opened up th a t  a  tru e  idea 
can be obtained of th e  character of th e  occurrences, 
and  d a ta  collected upon which to  base estim ates 
as to  th e  probable and  possible tonnages available. 
The claim s upon which m ost work, w ith  th e  object 
of proving th e  ex ten t of th e  chrom ite deposits has 
been done are those originally pegged by  G. Peake, 
and  now th e  property  of the  B ritish  Asbestos 
Chrome Co., of London. The surface indications 
over th e  whole area m apped are sufficiently
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prom ising to  ju stify  th e  s ta tem en t th a t  th e  showings 
on th e  claims m entioned are probably  no more 
th an  a  fa ir index  of w hat m ay  be expected over 
th e  rem ainder of th e  area. C ertain blocks of 
claims, however, p a rticu larly  on th e  silicified 
serpentine in  th e  north -east of th e  m ap, do no t

appear to  be of m uch value. These la t te r  represen t 
b u t a sm all fraction  of th e  blocks registered , and 
have been allowed for in  th e  tonnage  estim ates 
to  be found in  th e  sequel.

The econom ically valuable chrom ite  occurs in 
narrow  seams in  serpentin ized e n s ta tite  rock. 
A lthough found w ith  a m ode of occurrence bearing 
a superficial resem blance to  coal seams, th ey  differ

from  th e  la tte r  in  th a t  th ey  occur in  an  igneous, 
n o t a sedim entary , rock and  have an  entirely 
different origin. The seam s v a ry  in  th ickness up to 
30 in., w ith  an average of ab o u t 1 \  in. They have 
a  general d irection  of s trike  paralle l w ith  th e  edges 
of th e  G reat D yke, any  abn o rm ality  in  th is  direction

being comm only associated ~ w ith ', faulting. As 
m ay  be seen on reference to  Sections I and II the 
chrom ite seams dip inw ards from th e  edges of the 
G reat Dyke, any  seams outcropping in  th e  centre 
being generally flat. The foot and  hanging walls of 
th e  seams consist of b o th  chrom ite-rich and  chromite- 
poor serpentine rock, except in  those cases in 
which th e  wall of a p a rticu la r seam  is th e  plane

+UMVUK)VE
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of a fault, in  which case a  band  of m agnesite and 
opalescent silica, vary ing  up to  6 in. in  thickness, 
is found on th a t  wall.

I t  has been noted, during  the  exam ination  of 
over a hundred exposures of chrom ite, th a t  no rule 
can be given as to  th e  occurrence of a chrom ite- 
rich casing on e ither or bo th  of the  foot and  hanging 
walls of any  seam. In  some cases from 2 in. to  
4 in. of serpentine rock p lentifully  besprinkled w ith  
chromite crystals occurs on bo th  walls of a seam,

serpentinized en s ta tite  rock. Owing to  the  affinity 
of like crystals for one another, th e  chrom ite 
crystals would ten d  to  concentrate a t  certain  
horizons in  th e  m olten m agm a, such horizons 
owing th e ir  existence to  th e  physical s ta te  of th e  
m agm a a t  vary ing  depths during  cooling. The 
concentration  of th e  chrom ite in  any  particu lar 
plane is probably  due to  circum stances analogous 
to  those a tte n d an t on flo tation  in  m etallurgical 
practice. There can be little  doubt, in fact, th a t

S e c t i o n  I.

this type of rock passing im perceptib ly  in to  
serpentine rock showing no exceptional q u a n tity  
of such crystals. Occasionally th e  chrom ite- 
rich serpentine rock is only seen on one wall, e ither 
foot or hanging, and  in  o ther cases i t  is entirely  
absent.

The im portance of th e  above observations lies 
in the light th ey  shed on th e  m ode of origin of the  
chromite seams. I t  is obvious th a t  th e  seams 
are no t replacem ent deposits in  th e  serpentine 
rock, as no pseudom orphs of chrom ite a fte r 
serpentine can be seen. On th e  contrary , the  
chromite crystals w ith in  th e  serpentine rock are 
perfectly formed, showing th a t  th ey  crystallized 
when having space in which to  form, such as in 
a molten magma. The occurrence of chrom ite- 
rich foot-wall casings shows th a t  th e  first-form ed

th e  chrom ite seams were form ed a t  successive 
horizons in  th e  en sta tite  rock-m agm a during  th e  
cooling of th e  la tte r, th e  resulting  deposits being 
sheet-like bodies, all th e  po in ts on each of which 
were a t  an  approx im ately  equal d istance below 
th e  surface of th e  intrusion, or extrusion. This 
m ode of origin is known as m agm atic segregation.

The varia tion  in  thickness of any  p a rticu la r 
chrom ite seam, when followed along its strike  or 
down its  dip, is possibly due to  local eccentricities 
in  th e  original am ount of chrom ite in  th e  overlying 
m agm a. I t  m ay, on th e  o th er hand, be due to  
differences in th e  ra te  of cooling of th e  m agm a 
a t  various po in ts w ith in  th a t  magma. A t w hat 
period th e  en sta tite  rock became serpentinized is 
a  po in t upon which fu rth er research is required 
before an  opinion can be hazarded.

S e c t i o n  II.

chromite crystals d id  n o t g rav ita te  th rough  a 
molten mass u n til th ey  cam e in con tact w ith, 
and failed to  p enetra te , th e  upper surface of a cooled 
earlier in trusion. Such m ight be im agined to  be 
the case if only th e  hanging-w all casings showed 
chromite-rich serpentine rock. I t  m ust be con
cluded th a t  th e  seams were form ed by th e  gradual 
sinking of th e  chrom ite crystals, which would 
naturally  solidify, owing to  th e  high  m elting poin t 
of chrom ite, before th e  bulk  of th e  constituents 
of th e  rock-m agm a now represented  by  the

A fter th e  form ation of th e  chrom ite seams, 
earth-m ovem ent, possibly as a resu lt of the  
expansion of th e  rock during serpentinization, 
resulted in  th e  form ation, as m ay be seen in  any  
section of th e  G reat Dyke, of a  synclinal trough, 
th e  axis of which is approxim ately  th e  centre line 
of th e  G reat Dyke. A t th e  sam e tim e m inor folding 
and faulting, th e  axes of th e  folds and strikes of 
th e  m ajo rity  of th e  faults being a t  rig h t angles to  
th e  axis of th e  m ain syncline, took place. The 
result of these la tte r  processes can be well seen on
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th e  map, where th e  chrom ite seam  im m ediately  
n o rth  of Section L ine No. I I  can be seen to  dip 
southwards. These dips, however, are low as 
com pared w ith  th e  dips of th e  seam  to  th e  east 
and  west, 9° as com pared w ith  25° to  40°. O ther 
anomalous dips, b o th  in  am ount and  direction , 
occur in  th e  neighbourhood of th e  transverse, 
th a t  is, east to  west, faults.

From  a study  of th e  mode of origin of th e  chrom ite 
seams there  can be no doubt th a t  th e  outcrops 
seen to-day are those of seams which form  synclinal 
beds in  th e  G reat Dyke, in  o ther words, th a t  th e  
seams continue to  dep th  in a m anner as shown on 
th e  accom panying sections. If fu rth er proof be 
needed, i t  is only necessary to  tu rn  to  Section 
I, where the  bases, or lowermost points, of tw o such 
synclinal beds are seen outcropping in  th e  sm all hill 
in  th e  centre of th e  section. These represent th e  
rem ains of two seams, th e  upper flanks of which 
have been denuded. A sim ilar occurrence m ay  be 
seen im m ediately  south  of th e  dolerite  dyke on 
the  Crown land, 2J miles north -east from th e  E the l 
mine, where the  horseshoe-shaped outcrop shown on 
the plan is the  outcrop of the rem ains of an upper seam 
near th e  sum m it of a hill, a lower seam  being shown 
a t a lower level to  th e  sou th  and  east.

The upperm ost chrom ite seam  shown on Section 
I I  outcrops to  th e  no rth , east and  w est of th e  line 
of th e  Section on th e  m ap. As shown in  th e  figure 
th e  seam  is p ro jected  from  its  no rthern  outcrops, 
where i t  has an  average dip to  th e  sou th  of 9°, 
on to  th e  plane of th e  section. A t th e  p o in t 
where th is  plane m ay be seen to  cu t th e  seam  
(" X ” on th e  m ap and  Section II), th e  la tte r  can 
be traced  in  th e  field for 600 ft. down its  dip, th e  
outcrops occurring in  th e  side of a  hill.

F u rth e r examples of extension to  d ep th  of 
chrom ite seams, as proved in  th e  field, occur on 
dip slopes im m ediately n o rth  and  sou th  of th e  
eastern end of Section Line No. I, where outcrops 
can be followed down th e  dip of th e  seam  for 
distances of 1,000 and  750 ft. respectively.

I t  m ay be confidently affirmed th a t  th e  chrom ite 
seams extend to  depths far beyond th a t  a t  which 
m ining operations are economically possible a t  th e  
present tim e, and  th a t ,  if in  any  p a rticu la r case 
a  seam appears to  cu t ou t a t  dep th , i t  will be found 
th a t  th e  cause of such an  app aren t end is la te r  
faulting, n o t a resu lt of th e  original m anner of 
deposition of th e  chrom ite.

D uring th e  a u th o r’s w ork in  th is  a rea  careful 
m easurem ents of each seam  as exposed in  th e

outcrop workings were m ade. From  th e  figures 
obtained th e  au th o r has conservatively  estim ated 
th a t  200,000 tons of chrom ite  are available for 
every  100 ft. in  incline d ep th  from  each mile from 
n o rth  to  sou th  of th e  G reat Dyke. In  o th er words, 
tak in g  th e  average w id th  of th e  G reat D yke as 
2 f  miles, an  average of 200,000 tons can be obtained 
from every  2J square miles of G reat D yke rock, 
no m ine w orking exceeding 100 ft. in  incline depth. 
As th e  dep th  of 100 ft. is pu re ly  a rb itra ry , the 
tonnage to  be produced is capable of g reat expansion 
if m ining to  a  g reater d ep th  be  economically 
justified.

T h a t th e  above estim a te  is conservative is shown 
by a s ta tem en t m ade by  a  chrom ite producer in 
th e  sou thern  Um vukw es th a t  he ob tained  1,500 
tons from  each block of claims, no w orking exceeding 
12 ft. in  depth . T his is equ iva len t to  over 125,000 
tons p er square  m ile to  a  d ep th  of 100 ft., or 
approx im ate ly  344,000 tons to  2 f  square miles 
to  a dep th  of 100 ft. I t  m ust be borne in  mind, 
however, th a t  th e  la t te r  tonnage is probably only 
ob tainab le  from  selected blocks, while th e  author’s 
estim ate  is an  average for a  ve ry  large area.

The question  of th e  economic value of the 
chrom ite deposits of th e  Um vukwes is bound up 
w ith  tw o th ings :— (1) m arkets, (2) transport. If 
th e  chrom ite m ark e t be able to  absorb large tonnages 
of th e  ore in  add itio n  to  th a t  a lready  produced 
from  elsewhere, th e  only requ isite  for th e  establish
m en t of a large m ining in d u stry  in  th is  area is the 
provision of cheap tran sp o rt. A t th e  present time 
m ining costs in  those areas betw een th e  Umvukwes 
and  D arw endale, in  w hich chrom e is being produced, 
are said to  v a ry  betw een 12s. and  14s. per ton of 
2,240 lb., inclusive of loading th e  waggons or lorries 
for tran sp o rt to  th e  railway. The form er figure is 
for shallow surface work, down to  12 ft. in  depth, 
while a chrom ite seam  30 in. in  thickness has been 
m ined to  an  incline dep th  of 450 ft. a t  a cost of 
14s. per ton . T ran sp o rt costs v a ry  from 7d. to 9d. 
per ton-m ile, several large producers paying, 
a t  th e  p resen t tim e, betw een 14s. and  17s. per ton 
for ro ad  tran sp o rt by  ox-waggon or motor-lorry 
betw een th e  m ine and  th e  railw ay. I t  naturally 
follows th a t  th e  question  of th e  economic depth 
to  which m ining can be carried  ou t depends largely 
upon th e  distance betw een th e  m ine and  the nearest 
loading s ta tio n  on th e  railway, a decrease in road 
tran sp o rt costs resu lting  in  a huge tonnage of 
previously useless chrom ite becoming of economic 
value.

ESTIM ATING PLA TIN U M  METALS IN ORES

At the  Novem ber m eeting of th e  Chemical, M etal
lurgical, and Mining Society of South Africa, two 
papers were read on the  de te rm ination  of p la tinum  
m etals in ores and concentrates by  H. R. A dam  
and John W atson respectively. Mr. W atso n ’s paper 
will be quoted in a subsequent issue, and  herew ith  
an account is given of Mr. A dam ’s paper. Mr. A dam ’s 
w ork has been done during th e  la s t th ree  years 
a t  the  laborato ry  of the  G overnm ent A reas mine, 
where ores and concentrates from th e  P o tg ie te rsrust 
P la tinum  Co. have been r e g u l a r l y  exam ined.

The paper is d ivided in to  tw o sections :— (I) The 
assaying of ore samples which includes also feed and

residue sam ples from  concentration  p lants ; and 
(II) th e  exam ination  of flotation and gravity  con
cen tra tes of 100 dwt. per ton  in  value and 
upwards.

S e c t i o n  I. Four m ethods m ay  be considered :— 
(a) The production  of a sufficient q u an tity  of 
precious m etals for chem ical analysis ; (b) the more 
or less standard  m ethod of collecting th e  platinum 
m etals in silver and p a rtin g  w ith  sulphuric acid, 
th e  result being reported  in  th e  convenient term 
"  p latino ids,” th is term  including gold ; (c) the 
estim ation of the  p latinoids w ithou t in-quartation 
w ith  silver and  w ithou t pa rtin g  ; (d) th e  collection
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of the  p latino ids in  an  accurately  weighed q u an tity  
of pure gold. All these m ethods require a  prelim in
ary fusion and collection of th e  precious m etals in 
lead, which is afterw ards cupelled.

The au th o r m akes some general rem arks on the  
question of fusion and  cupellation. I t  is advisable 
lo crush the  final po rtion  of th e  sam ple very  finely, 
say to  pass a  90 m esh sieve. T he basic n a tu re  of 
the ore gangue dem ands a flux contain ing  p len ty  of 
silica, and precautions are required  if th e  sample 
contains an  appreciable q u a n tity  of nickel and 
copper. The add ition  of red lead to  th e  flux is the  
most convenient m ethod  of rem oving th e  la tte r  
into the  slag. The tem p era tu re  of bo th  fusion and 
cupellation furnaces should be som ew hat h igher 
than  is custom ary in  gold assaying.

I t  has been said th a t  p la tinum  m etals m ay be 
to some ex ten t oxidized, or a t  least dissolved in 
some form in  th e  slags, and  th a t  once in  th is  con
dition th ey  are n o t recovered b y  a  subsequent 
assay of th e  slag. This has been exam ined by the  
following m ethods :— (1) Assaying slags w ith 
suitable f lu x ; (2) assaying slags w ithou t th e
addition of litharge, so as to  reduce th e  lead rem ain
ing in th e  slag ; (3) assaying syn the tic  samples
containing known q u an titie s  of p la tinum  and 
palladium , incorporated  in  barren  gangue. The 
conclusion arrived  a t  from  these te s ts  was th a t  
when good fusions are ob tained  no serious errors 
are caused by  losses in  slags. F u rther, where 
poor fusions have occurred, or when very  rich 
samples are being assayed, p la tin u m  m etals can 
always be recovered b y  a  subsequent assay of 
the slag.

W ith regard to  cupellation little  need be said a t 
this stage beyond noting  th e  adv isab ility  of a high 
finishing tem perature, and  no overloading of the 
cupels w ith  lead.

Method (a) ; chem ical analysis of th e  precious 
metals obtained by  fusion and  cupellation. W hile 
this would no doubt be th e  m ost s tric tly  scientific 
method of assaying platinum  ores, th e  au th o r has 
considered it  as qu ite  im practicab le  to  carry  ou t 
on individual samples, when hundred  of assays 
are required, as in  th e  developm ent and prospecting 
of properties. On th e  few occasions w hen i t  has 
been necessary to  report th e  constituen t m etals 
in individual sam ples he has sim ply adopted  the  
somewhat cumbersom e plan  of m aking a large 
number of fusions, so as to  collect a sufficient 
quan tity  of th e  precious m etals for analysis accord
ing to  the  m ethods ind icated  in  Section II .

Although th e  au th o r has no definite inform ation 
on the precedure em ployed, i t  is ev iden t th a t  when 
special sam ples are sen t overseas for checking 
purposes a fairly  com plete analysis is m ade, com 
prising p latinum , palladium , gold, and  o ther m etals 
of the p la tinum  group. F igures for these  con
stituents are given on sam ples of lOdwt. and  less, 
per ton of p latinoids. Thus if one kilogram  of 
sample is supplied and  th e  whole is fused, about 
17 milligrams of the  precious m etals will be available 
for analysis. I t  is qu ite  possible to  m ake determ ina
tions on qu an titie s even less th an  this. F ortunately , 
however, he w as in  a position  to  adop t th e  p lan  of 
estim ating th e  re la tive  proportions of th e  different 
platinum  m etals in  p a rticu la r zones of a mine, by 
periodic exam ination  of collected prills from 
num erous assays and had  therefore no t done m uch 
investigation  on possible m ethods of m aking 
complete analyses on ind iv idual sam ples of a 
to ta l co n ten t of a few dwt. per ton.

Method (6) ; th e  sulphuric acid p a rtin g  m ethod. 
W ere i t  n o t for the  presence of palladium  in m ost 
of th e  T ransvaal ores th is  would undoubted ly  be 
th e  m ost sa tisfactory  m ethod when large num bers of 
assays have to  be carried  out, as considerable 
la titu d e  in  th e  details of p a rtin g  would be 
perm issible w ithou t g reat v a ria tion  in  th e  results. 
W hen p la tinum  assaying first becam e im p o rtan t 
in  th e  T ransvaal th e  p a rtin g  was done m ore or 
less according to  th e  tex t-books w ith  th e  acid 
b rought to  fairly  strong fum ing, no very  definite 
a tten tio n  being pa id  to  th e  finishing point. The 
effect was th e  solution of vary ing  proportions of 
th e  palladium  w ith  consequent d iscrepancy in 
th e  results. This was draw n a tta a tio n  to  by  K. L. 
G raham  (S .A . M in ing  and Eng. Joiirnal, M arch 19, 
1927). Briefly, th e  recom m endations given in  
th is  paper were, th a t  in  order to  p rev en t th e  loss of 
palladium  th e  p a rtin g  should be carried  ou t a t  a 
tem pera tu re  high enough to  dissolve th e  silver, 
b u t w ith  th e  p recau tion  th a t  th e  p a rtin g  vessel 
should be rem oved from  th e  source of h ea t as soon 
as th e  silver was dissolved, as indicated  by  th e  last 
appearance of gas bubbles.

G enerally speaking, th e  a u th o r’s experience of 
th is  m ethod, which he calls th e  “ modified pa rtin g  
m ethod ,” is th a t  th e  p roportions of re ta in ed  im 
purities (lead and  silver) vary  very  considerably 
according to  th e  in te rp re ta tio n  of th e  finishing 
po in t, th e  ra tio  of silver and  th e  re la tive  freedom  of 
the  silver-platinoid bead from lead a fte r cupellation, 
and  th a t  consequently  no constan t correction 
factor can be applied.

I t  would be desirable in  judging of the  re liab ility  
of th e  modified p a rtin g  m ethod  to  have some 
analyses of th e  pa rted  prills in  which th e  im purities 
were d irectly  determ ined. U sually when prills are 
analysed i t  is for th e  purpose of finding th e  p ropor
tions of precious m etals, and  th e  im purities are 
reckoned by  difference. I t  has been found to  be 
ra th e r  a difficult m a tte r  to  m ake accurate  estim a
tions of lead  and  silver in  th e  sm all q u an titie s  of 
prills usually  available, especially when an analysis 
of th e  precious m etals is also required.

T here is some evidence th a t  th e  re ten tion  of 
lead is re la tive ly  g reater in  th e  assays of sam ples 
of high value ; perhaps if i t  were possible to  have 
a  definite ra tio  of silver in  each assay and  to  re 
in q u a rt and  p a rt a second tim e in  all th e  sam ples 
of h igher value greater accuracy would be 
obtainable.

A part from th e  d irect exam ination  of pa rted  
prills there  is considerable ind irect evidence th a t  
th e  modified p a rtin g  m ethod m ay frequently  give 
unduly  high resu lts . Thus, during  Decem ber, 1926, 
and  Ja n u a ry  and  February , 1927, several hundred 
assays of R ustenberg  ore were being m ade and the 
prills and p a rtin g  acid from  every  ba tch  of 50 to  60 
sam ples were exam ined. The following figures 
represent th e  ra tio  of palladium  left in  th e  prills to  
palladium  in the  pa rtin g  acid :—W eight of prills 
analysed, 200 m illig ram s; palladium  found in 
prills, 43 m illig ram s; palladium  found in  acid,
6 milligram s. T h a t is only 12% of th e  to ta l 
palladium  was dissolved or 3% of th e  prills. These 
assays were done before th e  in troduction  of the  
modified pa rtin g  m ethod, and  a lthough th e  acid 
trea tm en t was n o t specially d rastic  i t  was on th e  
whole considerably more severe th an  is custom ary 
in  modified parting .

W hen discrepancies have occurred in check 
assays in which one or o ther of th e  laboratories
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have used th e  modified p a rtin g  it  has seldom been 
possible to  explain th e  differences satisfactorily , 
on th e  basis of dissolved palladium . As against 
th is  draw back th e  modified p a rtin g  m ethod has 
been found to  give reasonably consistent figures, 
a t  least on R ustenberg  ores where th e  p latinum - 
palladium  ra tio  is in the  neighbourhood of 3 to  1. 
I t  also establishes som ething in  th e  w ay of a definite 
end-point, a lthough unfo rtunately  n o t sufficiently 
definite to  a ltogether overcome th e  personal factor 
in  parting .

F inally  th e  results reported  on sam ples sen t 
overseas for checking have been on th e  whole 
fairly  close to  or even h igher th an  those obtained 
by th is  m ethod.

Method (c) ; th e  non-parting  m ethod. In  th e  
P o tg ietersrust d is tric t th e  p latinum -pallad ium  
ra tio  is approxim ately  1 : 1 and  th e  p a rtin g  
difficulties in  p latino id  estim ations are correspond
ingly increased. F o r th is  reason Mr. O’Neill, th e  
chief assayer a t  Potg ietersrust, adopted  th e  p lan  
of reporting  to ta l p latinoids by  sim ply w eighing 
th e  cupelled bead w ithou t in -qu arta tio n  w ith  silver 
and  using as high finishing tem pera tu re  as possible 
in  cupellation w ith  an  ord inary  coal-fired muffle. A t 
th e  sam e tim e he ob tained  a p la tinum  figure by  
pa rtin g  w ith  strongly fum ing acid. The prills from  
th is  process are periodically analysed a t  th e  G overn
m ent Areas laboratory  and th e  ap p ropria te  correc
tions applied. This procedure, th ough  som ew hat 
com plicated has been found to  w ork reasonably 
well in  practice. I t  also led to  a closer exam ination  
of the  non-parting  m ethod for to ta l p latino ids as 
a  possible a lte rna tive  to  th e  p a rtin g  m ethod. The 
process sim ply consists in  transferring  th e  beads 
from th e  cupel as received fro n th e  o rd inary  muffle 
to  special cupels for heating  in  a high tem p era tu re  
furnace. I t  is found th a t  by  heating  a t  abou t 
1,300° C. for an  hour th e  lead co n ten t is reduced to  
10% or less. B y grinding a No. 9 cupel flat and  
drilling sm all holes in  th e  sm ooth face, 30 or 40 
small beads can be heated  in  one cupel and  th e  fu r
nace a t  p resen t in  use a t  th e  lab ora to ry  can  easily 
take  four of these. Mr. B. O. Pausey, electrical 
engineer to  th e  G overnm ent Areas, designed and  
bu ilt for th e  laboratory  a h igh tem p era tu re  furnace 
which is proving very  suitable. In  th is  furnace, 
which is bu ilt of stock-sized fire bricks and  h ea ted  by  
carborundum  rods, arrangem ents are p rov ided  for 
supplying a small cu rren t of h o t a ir  over th e  cupels. 
The m ain  difficulty which was experienced—• 
namely, th e  m aking of electrical connections to  
th e  carborundum  resistors w hich would la s t for 
a  reasonable period— has been successfully 
overcome.

The following criticism s of th is  m ethod  m ay  be 
antic ipa ted  :—

(1) Are losses in  slags g reater w hen no silver is 
added ? A drastic  te s t was m ade on th is  p o in t 
recently  on a rich sam ple of over 3,000 d w tp e r  ton  
in value, w ith  th e  resu lt s ta te d  below :— (i) Slag 
from non-silvered assay, 18 5 dw t p er to n  ; (ii) 
slag from silvered assay, 19 0 dw t p er ton . In  
bo th  cases the  slags were assayed b y  th e  p a rtin g  
m ethod. Slags from th e  non-parting  m ethod  have 
been frequently  assayed and no greater losses are 
found th an  is th e  case w ith  silvered assays.

(2) Are there  g reater losses by  absorp tion  in 
cupels ? The answer to  th is  is, th a t  th e re  is a 
slightly  greater danger of loss, b u t th a t  norm ally  
no serious error is caused. T he resu lts  of one or 
tw o of the  tests th a t  have been m ade are as

fo llow s:— (i) Cupels from  th e  asssay of th e  above 
m ention rich  sam ple (over 3,000 dw t. p er ton) 
p latino id  found, equ iva len t to  10 dw t. per ton  or 
0 '3% . (The cupels from  th e  corresponding silvered 
assay  were exam ined and  rep o rted  to  con tain  no 
w eighable am oun t of p latinoid .) (ii) flotation 
concen tra te, value 130 dwt. p er ton , no weighable 
am oun t of p latino ids found in  th e  c u p e ls ; (iii) 
flo ta tion  concen tra te, value 120 dw t. p er ton, no 
w eighable am oun t of p la tino ids found. Examples 
(ii) and  (iii) were concentra tes con ta in ing  several 
per cen t of nickel and  copper. T he cupel assays 
were in every  case in -q u arted  w ith  silver and parted 
as usual.

Occasionally, how ever, cupels have shown 
appreciable absorp tion  of precious m etals, and this 
has been no ted  w ith  silvered beads as well as non
silvered beads. This can  generally  be a ttrib u ted  to 
th e  overloading of th e  cupel w ith  lead  or to  a low 
finishing tem p era tu re  in  th e  muffle. In  the  case 
of th e  non-silvered beads these  po in ts are of great 
im portance.

As an  exam ple of th e  loss th a t  m ay  be expected 
u nder unfavourable  conditions, th a t  is too low 
muffle tem p era tu re  and  irregu lar cupellation, the 
following m ay  be cited. The cen tra l portions of the 
cupels from  fusions rep resen ting  60 samples (120 
A.T.) were assayed by  in -q u arta tio n  w ith  silver and 
p a r t in g ; th e  p la tin o id  found was equivalent to 
O’ 17 dw t. p er ton . T he average value of th e  samples 
was approx im ate ly  9 dw t. pe r ton , so th a t  a loss of 
nearly  2%  is in d ica ted  in  th is  case.

(3) Is th ere  any  loss b y  volatilization  ? This 
p o in t has n o t y e t received v ery  close investigation, 
a lthough  i t  is h a rd ly  to  be expected  th a t  th is could 
cause serious error. I t  is found th a t  i t  is the 
pallad ium  th a t  holds th e  lead m ost tenaciously 
even a fte r  th e  h igh-tem pera ture  treatment. 
Analyses of concen tra te  prills practically  always 
show a  sm all p roportion  of re ta in ed  lead when the 
p roportion  of pallad ium  is low.

(4) Silver, if p resen t to  any  ex ten t, would no 
d oub t cause an  error, b u t only in  g rav ity  con
cen tra tes  from  P o tg e ite rsru st has silver been 
d e tected  and  th a t  only in  sm all am ounts. Flux, of 
course, m ust be free from  silver.

In  add ition  to  its  app lication  in routine assaying, 
th is  m ethod  is v ery  useful when assaying the pro
ducts from  ex tractio n  tests. Thus, by  cupelling 
th e  assays from  feed, concentrate, and residue 
sam ples a t  th e  sam e tim e and  giving all the prills 
th e  sam e tim e in  the  h igh-tem perature furnace, 
correct re la tive  values can be quickly arrived at. 
Investigations on th e  m ethod are being continued 
so as to  determ ine m ore definitely questions regard
ing th e  m ost su itable tim e  and  tem pera tu re  required. 
In  th e  m eantim e i t  m ay  be regarded as a feasible 
a lte rn a tiv e  to  th e  p a rtin g  m ethod. As in all 
p la tinum  assaying i t  is, however, advisable to 
periodically  exam ine slags and cupels to  analyse 
th e  prills.

Method (d) ; th e  gold m ethod. This m ethod is 
tedious and im practicable when m any  assays have 
to  be carried  out. I t  is occasionally useful in check 
work, b u t requires special p recautions a fte r cupella
tio n  in  an  ord inary  muffle. I t  consists in  adding 
an  accurate ly  weighed q u a n tity  of pure gold, 
ab ou t 20 tim es th e  w eight of th e  platinoids, to the 
assay, and tak in g  th e  difference in  weight as 
platinoids. Blanks on barren  gangue w ith  gold alone 
are alw ays necessary, and th e  beads a fte r cupellation 
require trea tm en t w ith  th e  blow pipe to  remove traces
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of lead. The use of gold for collecting sm all quan tities 
of palladium  has been used w ith  some success.

S e c t i o n  I I  ; analysis of concentrates. W hen 
the  pilo t concentration  p lan t a t  Po tg ietersrust 
commenced operations, th e  au th o r was faced w ith  
the necessity for m aking analyses of sam ples of 
flotation and g rav ity  concentrates in considerable 
num bers and in  very  lim ited  tim e. Since then  
investigations have been continually  carried on in 
the  effort to  increase th e  accuracy of th e  m ethods 
employed and a t  th e  sam e tim e to  decrease th e  
tim e required. In  add ition  to  concentra te  analyses 
determ inations of th e  precious m etals in  prills 
from m ine assays are regularly  carried out. The 
author does n o t discuss th e  m any  investigations 
th a t have been made. The final te s t of th e  m ethods 
will come when production  of th e  m etals is 
accomplished. I t  is also hoped th a t  a m ore com 
plete account of th e  w ork will be available a t  a 
later date.

U ntil recently  the  precious m etals were collected 
in  silver and th e  resulting  beads collected together 
in sufficient q u a n tity  for analyses. H e has now 
abandoned th is  and collects th e  precious m etals 
w ithout silver, rem oving traces of nickel and 
copper, when necessary, by  a second cupellation 
and rem oving th e  bu lk  of th e  lead in  th e  high 
tem perature  furnace.

In  concentrates of 100 to  200 dwt. per ton  con ten t 
of precious m etals, 6 or 8 A.T. are fused and 
cupelled. F lo ta tion  concentrates which contain  
several per cent, of nickel and copper, require 
special care in  fluxing, and, w hen th e  g reatest 
accuracy is aim ed a t, slags and cupels are again 
fused w ith  su itable flux. As a  rule, however, 
i t  is sufficient to  wash th e  fusions w ith  litharge. A 
ra ther large b u tto n  of lead  (over 50 gram s per 
A.T. of concentrates) is obtained.

In the  case of flo tation  concentrates, previous 
roasting and  also prelim inary  acid trea tm e n t to  
remove th e  base m etals have been tried  b u t no 
advantage is ob tained  and  th e  la tte r  m ethod is 
extrem ely tedious.

The final prills from  th e  electric furnace are 
cleaned in  acetic acid, weighed, and  combined 
together to  give a sufficient w eight for analysis.

The prills are dissolved in  d ilu te  aqua  regia and 
the usual evaporation  w ith  hydrochloric acid is 
carried ou t for th e  rem oval of th e  n itric  acid. The 
solution is th en  d ilu ted  w ith  a little  w ater and 
allowed to  s tan d  for an  hour or two, when the  
remaining lead, along w ith  th e  insoluble p la tinum  
group m etals, settles out. T races of silver are 
observed occasionally in  g rav ity  concentrates. 
This is probably  associated w ith  th e  gold which 
these concentrates contain.

The solution of ab ou t 20cc. in  volum e is filtered 
through a special filter, which allows of a very small 
am ount of w ash liqu id  being u s e d ; alcohol is 
preferable in order to  p rev en t th e  re-solution of 
the lead chloride.

The insoluble residue is ign ited  and  cupelled, th e  
small prill ob tained  being afterw ards heated  in 
the electric furnace to  ab o u t 1,300° C. I t  contains, 
in addition  to  o ther m etals of th e  p latim um  group, 
traces of p latinum , palladium , an d  lead, b u t as its 
proportion to  th e  to ta l is very  sm all th is  is no t a t  
present a  m a tte r  of extrem e im portance.

The p la tin u m  in  th e  filtra te  is p rec ip ita ted  w ith  
am m onium  chloride, th e  m ix ture  preferably  being 
allowed to  s tan d  over n ight, a lthough no serious 
e rror is caused by  filtering a fte r an  hour or so.

T races of palladium  in  th e  p la tinum  p recip ita te  
are easily detected  by  th e  slight orange colour p ro 
duced. The am m onium  p latin ic  chloride is filtered 
off, washed w ith  sa tu ra ted  am m onium  chloride 
solution, and  re-dissolved in  h o t w ater, th e  p latinum  
being re-precip itated  w ith  form ic acid as recom 
m ended by  K rauss and  Deneke.

No g reat differences in  resu lts are found by 
ign iting  th e  am m onium  p latin ic  chloride d irect 
as com pared w ith  th e  formic acid p recip ita te , b u t 
m uch greater care is required in  th e  ignition  of the  
form er ; also, by  dissolving on th e  paper, as in 
dicated, insoluble im purities in  th e  am m onium  
chloride are rem oved. If  the  am ount of p la tinum  
is very  sm all i t  is probab ly  m ore accurate to  in -q u art 
th e  residue w ith  silver and  p a r t  strongly  w ith  
sulphuric acid.

T he filtra te  from  th e  p la tinum  m ay be d ealt w ith  
in  a v a rie ty  of ways. Form ic acid p recip ita tion , 
a fte r neutralizing the  solution, is rap id  and  has the  
advantage of including traces of o ther p la tinum  
group m etals. On the  o ther h and  i t  has a  d istinc t 
tendency  to  b ring  down any  lead which is in solu
tion . D im ethylglyoxim e is free from th e  la tte r  
objection and  also brings down th e  gold. Nitroso-B- 
n aph tho l is very  effective ; th e  m erest traces of 
palladium  can be detected  by  th is reagent. I t  
forms, however, a very  bu lky  p rec ip ita te  w ith  
larger qu an titie s of palladium , which is difficult to  
w ash thoroughly. W hichever m ethod is used the  
p recip ita te  is ign ited  a fte r washing w ith  h o t dilute 
acetic acid, th e  ign ited  residue being called “  palla
dium -!-gold.” This is in -quarted  w ith  silver and 
p a rted  w ith  n itric  acid to  ob ta in  th e  gold. Two 
in -quarta tions and partings are required to  remove 
all th e  palladium . A lternatively , th e  gold m ay be 
rem oved before the  palladium  by p recip ita tion  
w ith  am m onium  oxalate and  oxalic acid. The 
gold obtained by  th is  m ethod  alw ays contains 
palladium , so th a t  in -qu arta tio n  and  p a rtin g  w ith  
n itric  acid or rem oval of th e  palladium  by o ther 
su itable m eans is required  here also. The foregoing 
scheme is fairly  rap id  and  duplicate analyses as a 
rule agree very  well. Fo r th e  m ost accurate results, 
however, i t  is advisable to  re-dissolve and  re 
p recip ita te  th e  p la tinum  and palladium .

T he a u th o r gives assays of th ree  sam ples of 
concentra te  as follows :

D w t. per ton .

P latinum 263 61 69-8
P alladium 41 105 28-4
Gold . 16 6 2-8
O ther m etals of P la tinum  group 2 8 2-8

T otal 322 180 103-8
The figures in  th e  analyses for "  o ther p latinum  

group m etals ” indicates the  m ateria l rem aining 
undissolved in  aqua  regia a fte r rem oval of lead and 
silver. The am ounts found are generally so sm all 
th a t  so far no very  serious a ttem p ts  have been made 
to  determ ine w hat m etals are actually  present. 
The fact th a t  th ey  are appreciably  presen t in 
flo tation  concentrates and can hard ly  be detected 
in  g rav ity  concentrates from Potge ite rsrust suggests 
th a t  th ey  m ay consist of rhodium  and  ru then ium  
ra th e r th an  osm iridium . If the  filtra te  from  the 
"  palladium -)-gold ” in  th e  foregoing analy tical 
scheme is reduced w ith  zinc dust and  lead aceta te  
and th e  lead cupelled, traces of p la tinum  m etals 
are occasionally found which m ay possibly consist 
of these m etals.
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GEOLOGY FROM T H E  AIR

In  a recent address to  th e  S outh-E astern  Union 
of Scientific Societies, H. B. M ilner discussed th e  
application  of th e  aeroplane to  geological recon
naissance. H is opinions and conclusions a re  based 
largely on experience gained in  th e  course of th ree  
aerial journeys in  th e  Middle E ast. These journeys 
included one in  Iraq  from th e  Persian  Gulf across 
th e  plains of th e  T igris and E uphrates to  B aghdad, 
ano ther from Cairo across Sinai, Palestine, T rans- 
jordania, th e  Syrian desert and Iraq  p lains to  
B aghdad, and th e  th ird , a re tu rn  by  m uch th e  sam e 
rou te  from  B aghdad to  Cairo, in  all a  to ta l flying 
distance of some 2,000 miles. These rou tes traverse  
strik ing ly  different types of country, bo th  physio- 
graphically  and geologically. In  th e  form er 
connection, coast-line topography, coastal plains, 
undu lating  lowlands, m ountainous trac ts , rift- 
valleys, broad river valleys and expansive alluvial 
plains, v a st stretches of desert w ith  characteris tic  
arid  features are all displayed. Geology ranges from 
recent desert and  alluvial deposits, T ertia ry  and  
Cretaceous sandstones, lim estones, etc., to  basaltic  
lavas and o ther rock-types of different ages and 
developm ents. Thus th e  scope of observation  was 
sufficiently wide to  enable th e  au th o r to  form ulate 
certa in  definite conclusions as to  th e  possibilities 
and lim ita tions of th is  m ethod of geological survey.

To th e  tra in ed  geologist, accustom ed to  read  his 
science in to  th e  land-form s he is constan tly  studying, 
topography au tom atica lly  a ttra c ts  a tte n tio n  in  
th e  course of norm al field-reconnaissance. B u t 
frequently  lim ita tions im posed by  n a tu ra l circum 
stances preclude exam ination  of wide areas ; even 
th e  panoram a displayed from  th e  h ighest peak  
has certain  obvious defects, for instance obscuré
m ent of in terven ing  valleys in  m ountainous regions 
and consequent loss of real sense of relief in  m iddle 
distance. Looking down, where one is perhaps m ore 
accustom ed to  look up or ahead, compels a new 
v iew point of th e  ea rth 's  surface and  a  corresponding 
read justm en t of physiographical hence geological 
ideas. R egarded from  surface-level b o th  elevation  
and depression, if m arked ly  con trasted , ten d  to  
convey to  th e  m ind an  exaggerated im pression, 
largely because observations are m ore or less 
circum scribed. Aerial observation, on th e  o ther 
hand, because of its  far g reater scope, and  w ider 
field, corrects such im pressions, compels a  tru e r  
perspective, and broadens th e  m ind to  th in k  
"  regionally,” th a t  is, on a scale such as is q u ite  
impossible m erely from  ground-level. A erial 
observations give v iv id  expression to  th e  varied  
p ictures of regional tec ton ics p o rtray ed  in  th e  m ind 
when reading ap p ropria te  works, w here m aps an d  
diagram s have perforce to  suffice in  illu stra tion  of 
th e ir  teaching. B u t equally under d ifferent con
ditions the  deta il of sm aller and  m ore local s tru c tu re  
m ay be assim ilated ; th e  aeroplane is n o t sim ply 
an  instrum ent of regional study.

In  th e  case of features of some m agnitude, such 
as th e  Dead Sea and  Jo rd an  rift-valley , no th ing  
short of th e  view from  overhead is capable of 
anim ating th a t  fam iliar black-line d iagram  of th e  
text-book, designed to  exem plify tro u g h  faulting , 
and  of lifting  i t  from a  m ere geom etrical im pression 
to  a grasp of th e  real achievem ent ; th is  feature, 
once observed on a  large scale, as i t  can  only  be 
from th e  air, leaves a to ta lly  d ifferent b u t fa r more 
compelling impression of w hat really  constitu tes  
a  rift-valley, incidentally  of its  geological com plexity

ra th e r  th a n  sim plicity , which is w h a t th e  usual 
draw ing ten d s to  convey.

C ertain  factors have necessarily  to  be considered 
a t  th e  o u tse t of an y  p lan  to  ap p ly  aeria l service to 
p a rticu la r  geological problem s. A p a rt from the 
ty p e  of m achine desirable for a  specific survey, 
w hether aeroplane or seaplane, i ts  design, power, 
capacity  for long d istance and  high a ltitu d e  flight, 
facilities for p h o tograph  w ork an d  technical 
observation , th e  n a tu re  of th e  co u n try  to  be 
explored from  th e  a ir  is of p a ram o u n t importance. 
O bviously conditions v a ry  according to  latitude 
and  clim ate, th e  la t te r  influence affording some 
m easure of th e  ty p e  and  den sity  of vegetation  which 
m ay  conceal th e  rocks from  view.

U nder trop ical or sub trop ical conditions, in arid 
or sem i-arid  regions of d is tin c t relief, observations 
are facilita ted  b y  th e  general sparseness or entire 
absence of vegetation , as in  desert regions ; in 
these  circum stances geology stan d s o u t c learly ; 
low a ltitu d e  flying, say  betw een 200 to  1,500 ft., 
enables d e ta il of rock developm ent to  be observed, 
while a t  h igher a ltitu d es th e  w ider rock-plan, 
pa rticu la rly  regarding such features as dip-slopes, 
escarpm ents, naked  folds, fault-scarps or other 
prom inen t s truc tu res, m ay be clearly  revealed both 
to  th e  eye and  th e  cam era.

In  th e  extrem e case of desert conditions, implying 
a flat surface and  few outcrops, little  more is 
ascertainab le  from  th e  a ir  th a n  can be gauged 
on th e  ground, unless some lim it is sought to the 
m onotonous expanse usually  characteristic  of these 
conditions ; w here loose sand  is involved, however, 
th e  developm ent, size, trend , and  form  of the  sand- 
dunes observed over a fa irly  wide area  are especially 
in structive , and  th e  aeroplane affords technically 
th e  best and physically  th e  m ost comfortable means 
of surveying them . W here th e  desert is composed 
of consolidated rock or pebble- and  boulder-strewn 
ground, gentle u n d u latio n  is m ore frequently 
observed, though  its  geological significance may be 
largely m asked by  th e  loose m aterials.

U nder sim ilar c lim atic  conditions m ountains and 
valleys m ay  presen t th e  m ost strik ing  geological 
features, especially where lim estones or various 
coloured sandstones are evolved, though where 
dense forest or th ick  vegetation  clothes th e  slopes 
or com pletely m asks th e  valleys, aerial recon- 
naisance m ay  cease to  have any  geological bearing 
a t  all, beyond th a t  which m ay be read into 
observation  of rivers and  th e ir  tributaries. But 
even though  in  such circum stances th e  actual 
rocks m ay  be en tire ly  concealed, there  is some 
com pensation  in  th e  fact th a t  th e  physical features 
are nearly  alw ays susceptible of geological inter
p re ta tio n  and  in opening up  virg in  territo ry , such 
knowledge gained from co-ordinated  aerial traverses 
is of th e  g reatest possible value. I t  really amounts 
to  an  estim ation  of p revalen t s trik e  of the rocks, 
judged  e ith e r from common tren d  over long 
d istances, from the  recognition of dip-slopes or 
from  obvious escarpm ents ; coupled with 
observation  of river-courses and  th e ir  relationship 
to  one or more physical features such as those 
m entioned, i t  is seldom th a t  the  d a ta  fail to  provide 
th e  basic elem ents of geological survey.

As an  exam ple of an  arid  m oun ta in  region, the 
au th o r cites th e  m ountains flanking th e  Dead Sea 
in  Palestine, which he h ad  tw o opportun ities of 
observing and photographing from th e  air, one from
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a com paratively low elevation (300 to  400 ft.), the  
other from over 2,000 ft. above sum m it-line. The 
limestones and  sandstones, th e ir  stratification , 
jointing, mode of w eathering, dip-slopes, erosion 
scarps, local folding, faulting, were clearly 
discernible, and  left no room  for d o u b t as to  th e  
type of rocks involved and  th e ir  struc tu re , also 
their influence on th e  evolution  of th e  topography  
(such as “ wadis ” ) displayed. Viewed from the  
higher level, instead  of a series of disconnected 
impressions of th e  geology along th e  line of traverse, 
he was able to  tak e  in  a v ast stre tch  of te rr ito ry  
wherein th e  m utua l relationship  of the  con trasted  
features was revealed ju s t as if one were looking 
down a t a huge relief model.

Under tem perate  conditions, in  h igher latitudes, 
and in countries such as B rita in , practically  every
thing depends on relief and  th e  n a tu re  of th e  rocks 
involved, particu larly  th e  p lan t ecology of the 
district, as to  w hether aerial survey for geological 
purposes is w orth  while. I t  does n o t follow th a t  
areas of com paratively  gentle relief and  prolific 
vegetation are necessarily difficult to  in te rp re t 
geologically; on th e  contrary, m any  observers 
are agreed th a t  th e  W eald basin, for instance, is 
more clearly defined from  th e  a ir th a n  from  any 
vantage-point on land. The Chalk scarps, no rthern  
Greensand ridge, rugged and  m uch dissected 
Hastings Sand interior, especially th e  Crowborough 
Forest area, are well individualized when flying 
fairly low (about 300 to  400 ft.), while th e  coast 
sections on bo th  sides of th e  Channel are nowhere 
better viewed th an  from  th e  air.

Curiously enough, areas of more decided relief 
than the W eald, though only m oderately  clothed in 
vegetation, often p resen t considerable difficulty 
in their fundam ental geological in te rp reta tio n . 
For instance, m uch of th e  Devon-Som erset country, 
the northern fringe of Exm oor, th e  W ye Valley 
and proxim ate p a rts  of th e  W elsh borderland, are 
difficult to  analyse, though th e  fam ous m eanders 
of th a t river are alw ays beau tifu lly  defined. Much, 
of course, depends on th e  n a tu re  of th e  rocks, 
on the structure  of th e  region and  on th e  density  of 
the wooded trac ts , also on th e  fe rtility  of th e  s o i l : 
aerial survey serves to  em phasize th e  fundam ental 
relationship ex isten t betw een these  features, 
especially in  connection w ith  geology and  soil, 
though i t  provides a rap id  and  accurate  m eans of 
ascertaining w hich is the  p redom inating  influence.

In  m ountainous regions in  tem p era te  latitudes, 
altitude and com plexity  of relief are th e  dom inating 
factors. H ere again i t  is clear th a t  m uch of the  
lowland and valleys reveal little  of geological 
interest save for th e ir  form  and  th e  course of th e  
rivers which th ey  bear. B u t once clear of the  
vegetation line, th e  geology, often th e  structures, 
are strikingly displayed. W here n o t concealed by 
snow or ice, m any  of th e  o rd inarily  inaccessible 
peaks, ridges, and  precip itous m ountain  sides are 
rendered p lain  in  geologic d e ta i l ; also, the  
disposition of th e  g reat ice-sheets and  glaciers, 
often impossible to  envisage as com plete features 
from any  one view -point, is readily  grasped from 
above, w ith  th e  added advan tage th a t  th ey  can be 
studied as p a r t  of th e  com plicated relief of a  wide 
area, and n o t sim ply as separate  en tities.

Turning nex t to  a consideration  of coastal 
geology from  th e  air, m ore p a rticu larly  th e  facilities 
for study ing  precip itous and inaccessible cliff- 
sections which abound in  th is  country , as else
where, there  is no b e tte r  m ethod of analysing th e  
geomorphology of a coast-line, of grasping its  mode

of developm ent and  essential geology over great 
linear distance, th an  from th e  air. A boat provides 
a  m eans of view ing th e  land-m argin  panoram a 
from  sea-level, b u t i t  has obvious d isadvantages 
com pared w ith  th e  aeroplane for th e  sam e purpose. 
I t  would be easy to  give m any exam ples of coast
line features th a t  would dem onstra te  th e  facility  
w ith  which bedding, join ting , dip, folding, faulting, 
colour-banding, current-bedding, cleavage, m arine 
erosion, raised beaches, and so on, m ay  be noted, 
while igneous rocks, th e ir  struc tu res, modes of 
occurrence, and  w eathering  (responsible as th ey  are 
for some of th e  grandest and  m ost inaccessible 
cliff-scenery), are sim ilarly rendered susceptible 
of observation  and photographic  record.

In  o ther territo ries where p ioneer geological 
surveys are undertaken , coast-sections, if available, 
often  provide th e  key  to  m uch th a t  m ay  be h idden 
inland, and  n a tu ra lly  become th e  first po in ts of 
a ttack . B ut difficulties frequently  arise in  th e  course 
of investigations in  th e  wild, uncivilized regions. 
F o r instance, th e  cliffs m ay be very  high, precip itous 
and  inaccessible w ithou t e laborate rock-clim bing 
gear ; th ere  m ay  be a narrow  ledge of foreshore or 
perhaps none a t  all, only a  sheer descent in to  deep 
w a ter ; th e  s ta te  of th e  tid e  or continued swell 
of th e  sea m ay  be such th a t  a t  all tim es of th e  year 
no bo a t can possibly get w ith in  reasonable d istance 
of th e  section.

O pportunities are afforded by aerial survey for 
ch arting  and photographing, for th e  purposes of 
geological da ta , outly ing islands to  th e  coast, shoals 
and  banks e ither subm erged or ju s t uncovered a t  
low tid e  ; shallow w ater lagoon features, even the  
sea-floor itself in  clear w aters, are often only d is
cernible from  th e  air, though  adm itted ly  in  th e  tw o 
la tte r  exam ples th e  actual am ount of geological 
evidence available is likely to  be very  small. I t  is 
more a  question of trac ing  subm arine con tinu ity  
of rocks and  physical features re la tive  to  known 
cliff-sections, th an  of seeking new da ta , for in  any 
case sea-life of every descrip tion  tends to  conceal 
solid geology. Incidentally , coral-reefs, especially 
those ju s t subm erged a t  all sta tes of th e  tide, have 
been surveyed w ith  success from  th e  air. I t  is, of 
course, a  well-known fact th a t  subm erged bodies, 
such as rock-shoals, sand-banks, etc., are revealed 
to  aerial observation  and  to  th e  cam era, where 
no th ing  is visible from a boat or from water-level.

Closely allied to  aerial reconnaissance of coastal 
features is th e  stu d y  of river-estuaries, subm arine 
river-flow, river-channels, m eanders, d rif t of 
sedim ent, influence of currents on detritu s, deltas, 
delta-drainage, coastal swamps, marshes, lakes, 
etc. W hile i t  m ay  be argued th a t  such physio- 
graphical features are p rim arily  the  concern of the 
geographer, th ey  fall equally w ith in  th e  province 
of th e  geologist, whose work, a fte r all, is essentially 
th a t  of explaining evolution of m odern geography.

So far th e  types of landscape which, depending 
on clim atic conditions, lend them selves best to  
geological analysis from  th e  a ir have only been 
considered, and  th e  au th o r proceeds to  o ther 
technical factors involved in  th is  special recon
naissance. In  th e  m a tte r  of a ltitude , th ere  is bo th  
an  upper and  lower lim it beyond which observations 
are difficult or im pressions confused. F ly ing  too 
low is disadvantageous, because, in o ther th an  coast 
sections, correct perspective is destroyed in  the  
tendency to  centralize detail, particu larly  on account 
of th e  re la tive  speed of th e  m achine which becomes 
increasingly obviously nearer th e  surface of the  
ground. In  th e  case of coast observations, th e  d is
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adv an tag e  of flying very  low is n o t qu ite  so 
apparen t, since th e  con trast of colour, flatness 
of th e  sea, and th e  sharp  land-m argin  (especially 
where th e  cliffs a tta in  some heigh t and  are m ade 
u p  of bold features) u n ite  to  m itigate  th e  above 
tendencies to  a g reat ex ten t. Fly ing too high has 
th e  well-known effect of sm oothing out irregularities 
in  land-form  ; the gentle undulations are com pletely 
l o s t ; even prom inen t peaks or hill-crests lose 
d istinction , and w hat is in  rea lity  a h ighly  serrated  
ridge, m ay  appear alm ost a p la teau  unless viewed 
a t  a low oblique angle from  some distance away. 
I t  is, of course, possible to  a tta in  such an  elevation, 
actually  abou t 12,000 ft. and over, where p ractically  
any  ty p e  of topography will appear flat to  th e  eye 
and  all sense of relief is l o s t ; and w hat applies to  
topography obviously applies doubly to  re la ted  
geology. W here wide areas and regional features 
are required, observation from  1,000 to  4,000 ft., 
even more, m ay  n o t be too m uch. The a u th o r’s 
own experience is th a t  flying a t  nearly  6,000 ft. 
on one p a r t  of th e  traverse  of th e  m ountains in 
Palestine rendered any th ing  more th a n  a b ird 's  
eye view of th e  m ain features impossible, a lthough 
th e  v isib ility  was excellent. R ela tively  high 
a ltitu d e  flying over actually  flat country, as portions 
of th e  Syrian desert, conveyed th e  paradoxical 
impression of ground undulation , especially in 
strong su n lig h t; th is  was undoub ted ly  due to  
atm ospheric conditions, possibly a k ind  of mirage 
effect.

A nother im p o rtan t p o in t in  aerial observation  is 
th a t  of keeping to  a  definite course. I t  is e x tra 
ordinarily  easy to  lose one’s w ay in  th e  a ir  ; land- 
features present different aspects according to  
a ltitude, visib ility , and  angle from  which th ey  are 
viewed. Any tendency  to  zigzag across th e  s trik e  
of a prom inent feature, or to  dev ia te  from  some set 
course on which one’s calculations are in itia lly  
m ade renders i t  a m a tte r  of no little  difficulty to  
keep consecutive ideas of th e  geological features 
under survey. N aturally , keeping a  good course is 
th e  task  of th e  p ilo t, and m uch depends on w eather 
conditions, especially wind-velocity, cloudbanks, 
etc. The geologist should certain ly  ascerta in  before
hand approxim ately  th e  d irection  in tended  over 
definite periods of flying, and  should  him self 
carry  a compass to  check his observations in  th is  
respect.

Again, geological, as topographical observations 
depend for accuracy largely on flying level, th a t  is, 
keeping th e  m achine level and  avoiding t i l t ; 
d isto rtion  of features, especially a t  low elevations, 
when th e  m achine lis ts first to  one side, th en  to  
another, or w hen banking, is ve ry  m arked. 
Nowadays th e  m odern aeroplane, p a rticu la rly  th e  
high-powered, passenger-carrying m achine, is fitted  
with elaborate in strum en ts w hich record, b y  m eans 
of ingenious coloured lights, th e  angles of dev ia tion  
from horizontal which i t  m ay m ake in course of 
flight.

D uring th e  las t few years a  num ber of con
cessions for petro leum  have been tak e n  up  by 
different in te rests in  countries such as Venezuela 
and Columbia, which properties n a tu ra lly  v a ry  in 
size, position (w ith reference to  tow ns o r p rincipal 
com m unications), density  of v eg eta tio n  (bush 
or desert), lines of drainage, accessibility , etc. I t  
m ay be tak en  for g ran ted  th a t ,  in  n ine cases o u t of 
ten, no adequate  m aps of th e  areas in itia lly  exist, 
or in th e  te n th  case th e  inaccuracy  is such th a t  of 
all in ten ts  and  purposes i t  is valueless. C onsequently 
some basic survey of th e  ground is necessary a t

th e  o u tse t. Som etim es geologists have  perforce to 
be th e ir  own surveyors ; in  o th er cases specially 
tra in ed  surveyors are em ployed in  ad d itio n  to the 
geological staff. A t all events, th e  first phase of 
exp loration  m ust necessarily be to  establish 
d irections of drainage, conspicuous topographic 
features or positions of o th e r ou tstan d in g  land
m arks, to  form  th e  basis of com m unications, trans
port, and  u ltim ate ly  of geographical reconnaissance. 
A concession of any  size, say, 5,000 square miles, 
will require  considerable tim e  for even a rough 
idea  of th e  m ap to  be a tta in ed , especially if the 
co u n try  involved is th ick ly  forested, possibly virgin 
jungle. N o t only- will th e  tim e facto r be important, 
b u t  also considerations of personnel, transport, 
n a tiv e  labour, supplies, health , and  all the 
paraphernalia  of cam p life, to  say  nothing of 
finance, will arise. In  sho rt, th is  so rt of pioneer 
w ork im plies no th ing  less th a n  a  fully equipped 
expedition , depending for i ts  success on the 
o rganization  an d  back ing  w hich those responsible 
for its  in it ia tio n  are able to  effect. In  such cases 
as th is, th e  advantages of p re lim inary  aerial survey, 
b o th  for topograph ical and  geological purposes, 
become obvious, In  th e  form er connection, either 
the  whole or ju s t  a p a r t  of th e  concession may be 
photographed , from  w hich th e  first m ap is produced 
by  now stan dard ized  processes. I t  goes almost 
w ithout question  th a t  th e  geologist will accompany 
th e  surveyor on these in itia l traverses, both in his 
cap acity  as adv isor on geological m atters, and also 
to  exercise his discretion  as to  w hat parts of the 
concession ap p ear favourable from  surface features, 
and  therefore require m apping in  detail or what 
p a rts  should  be left for fu tu re  consideration as the 
field is developed. The geological d a ta  accumulated 
from  th is  in itia l su rvey  are  invaluable and, as with 
topograph ical evidence, are ob tained  in  a fraction 
of th e  tim e, and  w ith  m inim um  effort, direct and 
ind irect, w hich would have been occupied had the 
cou n try  h ad  to  be trav ersed  on foot.

In  p o in t of fact, th e  geologist gains those vital 
first im pressions of a  new co u n try  quickly and with 
com parative  ease. H e no tes his chief river courses 
an d  th e ir  trib u ta rie s , th e  la tte r, especially in more or 
less fla t regions, destined  to  a c t as traverse-routes 
an d  furnish  h im  w ith  critica l geological information. 
A t th e  sam e tim e  he is enabled to  judge the best 
m eans of access, to  form  an opinion as to  how far 
th e  m ain  s tream  and  trib u ta rie s  are navigable 
by  sm all river-c raft such as m otor bo a t or canoes, 
and  to  fix positions of base and subsequent camps. 
In  u n du lating  coun try  he observes certain  prominent 
features which will serve as geological objectives 
to  which his traverses will be biassed. In  short, 
he provides him self w ith  all th e  d a ta  of a plan of 
cam paign based on system atic  observation, and 
th u s saves him self and  his employers days, possibly 
m onths, of m ore or less haphazard  travel through 
difficult country .

M ost trop ical regions have th e ir  particular 
periods of rain , th e  w et season, when normal field
w ork becomes alm ost, if n o t entirely , ou t of the 
question . To some ex te n t th e  aeroplane is 
independent of these conditions, and  reconnaissance 
is possible a t  least during tem p o rary  breaks in bad 
w eather, w hereby th e  op tim um  period  of field- 
survey is prolonged. I t  is ap p ro p ria te  to  mention 
th a t  under conditions where e ith e r during  the wet 
or d ry  season, v a st stre tches of w a ter prevail 
or where th e  m ain  r iv e r is sufficiently wide and void 
of rocks, reefs, rapids, etc ., hydroplane surveys 
have been a ttem p ted  w ith  considerable success.
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Among th e  various d istric ts in different countries 
which have repaid, and  are still reaping benefit 
from aerial reconnaissance in economic geology, 
m ention m ay be m ade of th e  Orinoco basin of eastern  
Venezuela, th e  Lake M aracaibo borderland (the 
scene of some of th e  m ost im p o rtan t oilfields in 
Venezuela), the  Venezuelan-Colombian borderland, 
much of which is p o ten tia l oil-bearing te rr ito ry  
and where, moreover, aerial m ethods were success

fully employed to  settle  a long-standing boundary  
d ispute  betw een th e  tw o republics, th e  M agdalena 
and A tra to  R iver basins of Colombia, and m uch of 
th e  T am pico-Tuxpam  oil-belt of eastern  Mexico. 
P a rts  of Brazil have, for o ther geological purposes, 
been explored in  the  sam e way, while o ther instances 
m ight be c ited  from  N o rth  Am erica, C anada, 
A ustralia , New Guinea, Borneo, and th e  D u tch  
E a s t Indies.

SILVER ASSAY A T BROKEN HILL.
In  Chemical Engineering and M in ing  Review  for 

January, F. C. Johns discusses th e  re la tive  accuracy 
of the different m ethods of assay for silver as exem pli
fied by practice a t  Broken Hill. Of the  th ree  m etals 
assayed on th e  B roken H ill field, namely, lead, zinc, 
and silver, th e  la tte r  stands o u t as being th e  m ost 
difficult to  assay. To become skilful in th e  fire 
assaying of silver m uch practice  together w ith  g reat 
judgm ent of tem p era tu re  is required to  ob tain  
concurrent results. This paper was w ritten  to  show 
the variations which are obtainable by various 
methods, and for th is  purpose th e  following m ethods 
will be com pared : (1) Scorification. (2) P o t assay 
(nitre m ethod). (3) P o t assay (nail for de
sulphurizing).

Scorification Method.—-100 grains of ore is 
sufficient : 0-3 gr. assay ton  (326-66 gr.) m ay be used. 
The granulated lead  varies ; for a  lead concentra te  
it  may be from 6 to  10 tim es th e  w eight of ore ; 
for a zinc concentrate, from  10 to  15 tim es the  
weight of o re ; an d  for crude ore, from  10 to  15 
times the weight of ore.

Half the  charge of lead is weighed and  p laced in  
the scorifier (a 3 in. shallow B atte rsea  for p re
ference) ; th en  th e  ore is placed on top  of th e  lead 
and the whole thoroughly  mixed. The balance of 
the lead is th en  p laced on to p  as a  cover and  50 
grains of fused borax added. The assay is then  
scorified in  a muffle furnace a t  a b rig h t red  h e a t u n til  
the " eye ” nearly closes, th en  m ost of th e  slag can 
be poured off in to  an  iron  m ould and  discarded. The 
assay is again re tu rn ed  to  th e  furnace to  fu rth er 
reduce th e  lead b u tto n  to  th e  size required. The 
charge is th en  poured and  th e  lead  b u tto n  co n ta in 
ing the silver detached from  th e  'scoria, ham m ered 
into a cube— th e  ideal lead  b u tto n  should weigh 
from 100 to  150 grains— and  cupelled.

For scorifying zinc concen tra te  m ore h ea t is 
necessary th a n  for lead concentrate, otherw ise the  
slag is m ore viscous w ith  a  g reater risk  of sm all 
quan tities of silver being slagged off.

Pot Assay  (Nitre Method).—T ake half an  assay 
ton (grain) of ore and  m ix w ith  following fluxes :—

Lead concentrate

Litharge .
Sodium bicarbonate  
Borax glass

and crude 
sulphide  

Grains. 
500 
200 
100

Zinc
concentrate

Grains.
700
200
100

Calculate th e  am oun t of n itre  to  give a  b u tto n  
weighing ab o u t 150 grains.

The charge is thoroughly  m ixed in  an  F  crucible 
and  covered w ith  a th in  layer of sa lt, fused a t  a 
b rig h t red h eat, poured, and, when cold, th e  lead 
b u tto n  is detached  from  th e  slag, ham m ered in to  a 
cube and  cupelled.

Pot A ssay [Nail for Desulphurizing).—T ake half 
an  assay to n  (grain) of ore and  one assay to n  of 
residues, and  m ix  w ith  th e  following :—

Soda b icarbonate 
L itharge . 
Borax, as cover . 
Argol

grains.
300
200
150
30

An iron rod or nail is placed in  charge except in 
case of carbonate  ore. Fuse quickly and  pour.

T a b l e  I .

Approx. assay. Assays.
Scorifica ’ Pot Pot

tion, (Nitre) (Nail)
Lead Zinc Oz. Oz. Oz.

No. Product. 0//o O'/o per ton. per ton. per ton.
1. Lead concentrate . 6(3 7 35-1 35-1 34-3
2. >* »> — — 34-3 34-3 33-3
3. >» •» — —. 35-9 35-8 34-8
4. — — 33-9 33-9 33-1
5. — — 33-9 33-6 33-U
6.

Lead zinc middling
— — 33-4 33-2 32-7

1. . 29 29 33-9 33-Ö 31-8
2. — —■ 34-0 33-8 31-9
3. i t  t t — — 33-9 34-0 32-0
4. >i a — — 33-9 34-0 32-0
5. a  a — — 34-0 33-7 32-0
(3. a a — .— 33-U 33-7 32-1
1. Crude ore . 15 13 13-7 13-7 13-4
2. u — — 12-0 11-9 11-8
3. a — — 12-0 12-6 12-4
4. ». — — 12-7 12-7 12-4
5. »> — — 12-0 12-6 12-5
(5. u — — 12-0 12-0 12-0
1. Zinc concentrate . 9 44 9-0 9-5 9-3
2. a  a — — 9-0 9-1 8-8
3. a  a — — 10-2 10-4 10-0
4. ». .. — .— 9-S 10-0 9-5
5. i t  i , — — 10-4 10-7 10-2
6 . i t  it — — 9-4 9-5 9-2

Table I gives com parisons showing varia tions of 
th e  th ree  m ethods. A sum m ary of experim ents on 
th e  above p roducts gave th e  results on Table 2. 
From  these figures i t  will be seen th a t  the  scorifica
tio n  and  n itre  p o t assays give iden tical results, 
whereas th e  p o t assaying using an  iron rod shows 
g reater loss of silver.

Cupellation.— The process of cupellation m ust be 
conducted w ith  g reat care and  skill. The loss of 
silver varies under favourable conditions, b u t if a 
high tem p era tu re  is used, th e  silver loss becomes
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m uch greater. Cupellation should be s ta r te d  a t  a 
b rig h t red  heat. W hen th e  cupels “  uncover ” the  
tem p era tu re  should be lowered rap id ly  to  the  
lowest p o in t a t  which th e  operation  can proceed. 
Towards th e  finish of the  process th e  tem pera tu re

A ssay Disagreements on 0-5 oz. M arg in .— All the 
co n tracts on B roken H ill p roducts s t ip u la te  for a 
0-5 oz. lim it for agreem ent of assays. Should the 
difference be g rea te r th e  sam ple is sen t to an 
um pire assayer. I t  is, therefore, in te resting  to

Product. 
Lead concentrate 
Lead-zinc middling 
Crude ore 
Zinc concentrate

should be increased slightly  by  closing th e  muffle 
door. No feathers of litharge should be left on th e  
cupels when finished, otherw ise m inute q u an titie s  
of lead m ay rem ain  and  thus give h igh results.

T a b l e  I I I .  C u p e l l a t i o n  V a r i a t i o n s  U s i n g  M a b o r  a n d  B o n e -

Remarks.

Bone ash cupels =  0-61 
oz. lower than Mabor.

French bone ash gave an 
average of 0-13 oz. higher 
results than English.

I t  will be seen from  Table I I I  th a t  bone ash  cupels 
absorb m uch more silver th an  Mabor, th u s  proving 
bone ash  to  be an  inferior m ateria l for m aking  
cupels. M organite cupels were also tested , and, 
practically , th e  results were th e  sam e as those 
obtained w ith  Mabor. M organite cupels require a 
little  m ore h ea t for cupelling th a n  Mabor.

Example.

T a b l e  II.
Assays Compared against scorificat

No. of Scorifi Pot P ot Pot Pot
tests. cation. (Nitre) (Nail) (Nitre) (Nail)

32 33-66 33-68 32-9 •02 higher •76 lower
20 33-76 33-68 31-84 •08 lower 1-92 „
28 11-51 11-46 11-32 •05 lower •19 „
15 9-81 9-95 9-58 •14 higher •23 „

ASH Cu pe l s .

Assay
Product. Mabor Bone

ash.
1. Lead concentrate . 30-7 30-0
2 30-7 29-9
3. ” , 31-0 30-0
4- 3 1 1 30-4
5. „  „ 27-8 27-4
6. „  „ 28-8 28-2

Average of 72 experi
ments 31-1 30-49

C u p e l l a t i o n V a r i a t i o n s .

W t. of prill
(grains). Oz. per ton

0-238 77-74
0-23 75-13
0-228 74-47
0-24 78-30
0-238 77- l i
0-23S 77-74
0-057 18-62
0-055 17-96
0-053 17-31
0-053 17-31

The exam ples in  Table IV  are given to  show th e  
variations which an  assayer experiences a t  tim es 
in  th e  process of cupellation. All th e  cupellations 
were m ade independently , th a t  is, th ey  were n o t 
cupelled side by  side a t  th e  sam e tim e. The figures 
are quoted to  show how difficult is th e  ta sk  of 
judging tem perature  for cupelling. One m ight cupel 
duplicates alongside each o th er and  get a  perfect 
agreem ent and yet disagree w ith  th e  b u yer or seller’s 
assay when compared, and  be forced to  um pire  and  
lose for being e ither too h igh  or too  low.

T a b l e  V .

Approx. assay. Percentage

3-13 oz. ag. 
15-11) „
30-35 „
65-75 „

umpired.
5-0

14-0
24-0
71-0

show how th e  d ifferent va ria tio n s in  grade 
are affected (see T able  V). From  th is  i t  will 
be seen th a t  for ores assaying 3-13  oz. of silver, 
few assays are um pired  ; b u t as th e  silver value 
rises, so does th e  difficulty to  agree w ith  the buyer 
or seller’s assayer becom e greater. I t  will be seen 
th a t  for p ro ducts assaying 65-75 oz. practically  every 
th ree  o u t of four assays are sub m itted  to  the  umpire 
assayer. I t  is, therefore, q u ite  ev iden t th a t  for ore 
assaying over 70 oz. p er to n  0-5 oz. allowance is not 
practical.

A  M uffle F urnace .— As th e  scorification assay is 
adop ted  for all con trac ts  for th e  sale of Broken 
H ill p roducts , a descrip tion  of a m ost up-to-date 
gas-fired muffle furnace used in  F. G. W hite’s 
assay office a t  B roken H ill m ay  be interesting. 
I t  is a No. 10 b las t furnace supplied by 
F le tch er Russell and  Co., England. I t  will take 
tw elve 3 in. shallow  B a tte rsea  scorifiers. Any 
tem p era tu re  sufficient for scorification and cupella
tio n  can be m ain ta in ed  w ith  perfect oxidation when 
properly  regu lated . The gas and  sufficient air 
supplied from  a sm all blower, giving a pressure of at 
least 3 lb. of a ir  pe r sq. in. an d  driven  by a 1 | h.p. 
m otor, is passed along, under th e  muffle, then 
circulates p a s t th e  back  an d  over th e  top  to  front 
of furnace, and, finally, th e  w aste gases are led into 
a flue w hich is connected  to  th e  chim ney stack. 
By a rrang ing  th e  c ircu la tion  of gas in  th is manner 
g reater econom y is ob tained . A nother feature is 
th a t  a ir  can  be c ircu la ted  th rough  the  muffle by 
m eans of a hole 1 in. d iam ete r in  th e  centre of the 
muffle door, and  also by  opening th e  door a little 
w hen necessary to  allow more a ir  to  pass through 
th e  muffle. All th e  a ir and  fum es pass through the 
holes of th e  muffle and  up th e  chim ney w ith the 
w aste gases. The only tim e th e  fumes come out of 
th e  fron t is w hen th e  door is opened for pouring 
etc. The muffles a re  m ade w ith  five holes § in. 
d iam ete r on th e  sides an d  th ree  holes a t  the back 
equally  spaced. The holes are placed so th a t the 
b o tto m  is ab o u t level w ith  th e  top  of th e  scorifiers. 
The side holes are arranged w ith  th e  three bottom 
holes s ta rtin g  ab ou t 1 in. from  th e  inside of the end 
of th e  muffle and  2 in. a p a r t  and  th e  tw o top  holes 
p laced m idw ay betw een th e  centre, an d  the ends 
holes ab ou t f  in. above th e  b o tto m  row. This type 
of furnace when p roperly  contro lled  is very 
satisfactory .
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B e n to n i te .— Technical P ap er 438 of th e  U nited  
States B ureau of Mines contains an account by  
C. W. D avis and  H . C. Y acher of bentonite, a 
mineral substance ab o u t which little  has been 
written, th e  pam p h le t by  H. S. Spence published 
by the D epartm en t of Mines, O ttaw a, in  1924, 
being the  only o th er publication  dealing expressly 
with it. According to  Messrs. D avis and  Vacher, 
certain ben ton ites have such strong affinity for 
water th a t  th ey  are capable of absorbing more th an  
ten tim es th e ir  volumes of w ater. Owing to  its 
peculiar physical properties, ben ton ite  has been 
suggested as a  com ponent m ate ria l in  th e  m anu
facture of a g reat v a rie ty  of com m odities, such as 
paper, rubber, p u tty , phonograph records, pencil 
leads, and soaps. On th e  o ther hand , underground 
deposits of ben ton ite  have caused g reat difficulties 
in the drilling of oil-wells, i t  frequently  becom ing 
necessary to  tak e  special steps to  com bat th e  
nuisance. B enton ite  is a  rock th a t  contains 75% 
or more of th e  crystalline clay-like m ineral, 
montmorillonite, a m em ber of th e  Kaolin group.

For a long tim e investigators have recognized 
the occurrence of a peculiar clay-like substance, 
which, when w et w ith  w ater, resem bles soft soap 
and has been called "  m ineral soap ” or “ soap 
clay.” E arly  reports show th a t  such m ateria l had  
long ago been used a t  the  H udson B ay posts in 
Canada or washing blankets. The first shipm ents 
for commercial purposes were m ade in  1888 by 
William Taylor, of R ock Creek, W yoming, a fte r 
whom the m ateria l was called "  tay lo rite .” In  
1898, however, i t  was learned th a t  th e  nam e 

* taylorite had a lready been used as a m ineral nam e 
for potassium am m onium  sulphate, so th a t  th is  
substance was th en  designated as ben ton ite , from 
its occurrence in th e  F o rt B enton form ation of the  
Rock Creek d istric t. A t th e  tim e considerable 
interest in ben ton ite  was aroused, b u t i t  quickly 
subsided and the  price of $25 per ton  was soon 
reduced to  $5 per ton . W ith in  th e  las t few years 
the in terest in  ben ton ite  has revived, resulting  in  
investigations th a t  have developed industria l 
processes and  products in  w hich ben ton ite  
apparently has an im p o rtan t p a rt. The prices to -day  
for the finely pulverized m aterial approach th e  first 
quoted price.

Of the m any uses suggested only a few have been 
tested, and investigators have n o t worked ou t the  
properties of ben ton ite  th a t  determ ine its  useful
ness or m ade te s ts  to  determ ine w h a t ty p e  of 
material is best su ited  to  th e  d ifferent uses.

Bentonite deposits occur in  beds from a few inches 
to many feet th ick , m ainly  in  th e  T ertiary , b u t to  
some ex ten t in  th e  Palaeozoic and  Mesozoic rocks 
in many p arts  of th e  U nited  S tates and Canada, 
and deposits have been reported  from  Mexico, 
China, and France. Most ben ton ite  deposits are the 
result of devitrification  and  p a r tia l decom position 
of glassy volcanic ash.

Bentonite outcrops are unique and  striking. As 
little vegetation  will grow on them , th ey  are barren, 
and because of th e  peculiar physical p roperties of 
bentonite these w eathered outcrops often present 
a crinkled coral-like appearance. If th e  in ternal 
portion of b en ton ite  a t  an  outcrop is dry, i t  finally 
absorbs w a ter and  swells greatly , producing cracks 
in the surface layer, which has m eanwhile become 
more or less dry. A fter a ra in  m any ben ton ite  
outcrops are covered w ith  a  th ick  m ass of slippery 
jelly, b u t in  d ry  w eather th e  surface m ay  be dry  and 
fluffy or m ay have a  peculiar granular appearance.

The ben ton ite  of W yom ing is usually  considered 
a  s tan d ard  ty p e  in  s tudy ing  o th er so-called 
bentonites. One of th e  im p o rtan t producers of th e  
m ateria l has deposits a t  M edicine Bow and  a 
grinding p lan t a t  Cheyenne. A nother im p o rtan t 
producer in  W yom ing has a m ine a t  Clay Spur, 
near Newcastle. A large new deposit of ben ton ite  
has recen tly  been reported  in  Johnson County.

The largest known California b en ton ite  deposits 
occur in th e  arid  desert region along th e  Am argosa 
R iver in  Inyo  County. W h at is possibly an  extension 
of th e  W yom ing ben ton ite  occurs n ear Belle 
Fourche, South D akota. On claim s owned b y  one 
com pany a t  th is  place, th ere  is estim ated  to  be 
m illions of tons of high-grade ben ton ite . M any 
other deposits have been found in  N evada, New 
Mexico, Idaho, Tennessee, K entucky, A labam a, 
and  o ther states.

N early all deposits of b en ton ite  con tain  g r itty  
or sandy inclusions, w hich are considered im purities 
and  m ust be rem oved before m arketing . Pulverized  
ben ton ite  is ' fine-grained and  com m only ligh t- 
coloured, ranging from  cream  to  olive g re e n ; 
b u t i t  m ay be p ink , da rk  brown, or even black, th e  
colour usually, b u t n o t always, becom ing d a rk er 
on w etting . W hen fired th e  colour is w hite, buff, 
or brown. W hen cu t th e  fresh m ateria l usually  has 
a  w axy lustre, which m ay  becom e dull or pow dery 
on drying. Some varie ties m ay be cu t in to  th in  
shavings.

Prospectors or others who becom e in te res ted  in 
th e  production  of ben ton ite  should m ake a careful 
investigation  of th e  com m ercial possibilities of th e  
deposit in  question  before investing  heavily. Such 
a stu d y  should include th e  possib ility  of m arketing  
th e  product, th e  specifications dem anded, th e  price 
obtainable, th e  cost of m ining, trea ting , and shipping 
to  m arket, th e  size of th e  deposit, and  th e  na tu re  
of th e  crude bentonite . I t  should also be realized 
th a t  m ost consum ers desire a hom ogeneous product 
w hich will rem ain  uniform  over a  period of years 
and  th a t  deposits contain ing  ben ton ite  which will 
do th is  are n o t common. M ost crude bentonites 
con tain  appreciable qu an titie s of objectional 
im purities such as sand, gypsum , carbonaceous 
m atte r, or soluble salts th a t  m ust be rem oved a t  
considerable expense by  w ashing. The purified 
b en ton ites from  different deposits and even from 
different levels or p a rts  of th e  same deposit m ay have 
very  different properties, such as varia tion  in  colour, 
colloid content, and ease of hydration . In  general, 
consum ers w an t a clean, homogeneous, finely 
d ivided substance.

Purified, ground ben ton ite  should m ake adm irable 
fillers, binders, or p lastics in  th e  m anufacture of 
num erous in dustria l m aterials, due to  its  general 
characteristics, such as extrem e sta te  of fine division, 
p roperty  of rem aining in  suspension, plasticity , 
and  high absorben t power. Thus ben ton ite  should 
be useful in  th e  m anufacture  of paper, linoleum  
cu rta in  cloth, cordage, rubber, ceramics, Po rtland  
cem ent, lubricating  greases, p u tty , phonograph 
records, crayons, plasters, paste, glue, shoe and 
stove polishes, and  num erous o ther m aterials.

The characteristics of ben ton ite  as an  adsorbent, 
emulsifier, or peptizer, should m ake i t  available 
in  th e  m anufacture  of soaps an d  detergents, 
h o rticu ltu ra l sprays, anim al dips, insecticides, 
fungicides, pa in ts, inks, w ater-proofing plasters, 
and dynam ite  ; in  th e  de-inking of p rin ted  papers, 
th e  refining of oils and  fats, and  in  th e  rem oval of 
w ater from petroleum . As a chem ical reagen t
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ben ton ite  should be of value as a  w a ter softener, as 
an aid  to  soil fertility , and  in  th e  trea tm e n t of 
molasses. I t  is also suggested for use as. a m edical 
dressing, in  certain  drugs, and in  b eau ty  clays.

C a l i f o r n ia n  B o r a x .— In  th e  Engineering and 
M ining  Journal for Jan u a ry  19, P. D. V. M anning, 
of San Francisco, discusses th e  p roduction  of borax 
in  California during  th e  year 1928.

D uring  the p ast several years, the  price of borax 
has been stead ily  declining. In  1927 i t  reached a 
new low figure of $40 to  $50 p er to n  on co n trac t 
sales and  th is  price included delivery. This is ju s t  
half the  old delivered price and  some sales were 
undoubted ly  m ade a t  figures lower th a n  these. 
W hen considered over th e  period of years w ith in  
which th is  price tren d  obtains, i t  is perhaps re m a rk 
able th a t  new uses for th is  substance have  no t 
been developed. This is explained, however, by  th e  
fear on the  p a r t  of those in te rested  th a t  these  low 
prices m ight be th e  resu lt of a price w ar which would 
be short-lived. W ith  th e  A m erican P o ta sh  and  
Chemical Co. producing a t  p lan t capacity  and  th e  
Pacific Coast Borax Co. w orking th e ir  deposits a t  
K ram er, th is  fear on th e  p a r t  of th e  consum er is 
apparen tly  groundless an d  borax can now ad v an 
tageously en ter in to  com petition w ith  soda ash in 
certa in  fields.

F u rth e r strengthening of th e  s itu a tio n  from  th e  
user’s stan d p o in t is draw n from  th e  fac t th a t  th e  
num ber of producers increased  during  th e  p a s t year. 
The principal producers w ith  estim ated  production  
during  1928 were :—

A pproxim ate  
Production in  

P r o d u c e r .  Tons per Month.
In  th e  K ram er d istric t :

Pacific Coast B orax Com pany . 6,000
W estern  Borax Com pany (began p ro 

duction  in  November) . . 2,000
A t Searles Lake :

A m erican P o tash  and Chemical Co. 4,000 
W estend Chemical Com pany . . 400
In  addition , there  are several sm all producers in  

th e  K ram er and  Searles Lake d istric ts.
P roduction  of bo ra te  ores showed a fu rth e r decline 

during th e  year w ith  ind ica tions th a t  th is  will 
continue unless new uses are found for u lex ite  and 
colem anite. A possib ility  here is th e  ceram ic 
industry , b u t th e  problem s presen ted  by  non
uniform ity  of raw  m ateria l have y e t to  be over
come. I t  is in  th e  glass and  tex tile  industries th a t  
there  is em inent o p p o rtu n ity  for borax  to  replace 
o ther alkalies. In  sp ite  of th e  low prices, th e  p ro 
ducing end of th e  in d u stry  is ev iden tly  in  a hea lth y  
s ta te  and there  is little  d o u b t th a t  p ro d u c tio n  will 
increase in  1929. The refining centre  is m oving west, 
i t  being reported  th a t  th e  Pacific Coast B orax Com
pany  is to  cease its  operations a t  Bayonne and  carry  
on all of th is  w ork in  California.

Two features stood o u t in  th e  A m erican borax  
m arket las t year. F irs t  cam e th e  record-break ing  
shipm ent to  outside countries. E x p o rts  of borax 
am ounting to  $3,220,000 for th e  first 10 m onths of 
1928 are 33% greater th a n  for th e  en tire  year 1927. 
E stim ates on the  full year 1928 in d ica te  nearly  a 
60% increase over 1927. E urope an d  th e  F a r 
E as t are the  largest consum ers of A m erican  borax, 
th e  N orth , Central A m erican and  W est Indies 
section ranks th ird , w ith  South A m erican fourth . 
The largest increases in  th e  purchases of A m erican 
borax by indiv idual countries e stim ated  for the  
en tire  year 1928, are in  F rance 220% , G erm any

120%, I ta ly  142%, N etherlands 30% , United 
K ingdom  33% , China 1,500%, H ongkong 500%, 
th e  Ph ilipp ines 54% , and  Ja p a n  4% . Those of the 
p rincipal consum ers whose purchases are less for 
the  10 m onths of 1928 th a n  for th e  en tire  year 1927 
are C anada, Brazil, an d  Colombia. However, the 
e stim a ted  to ta l for th is  group for th e  en tire  year 
1928 is ab o u t equal to  1927 sales.

The second featu re  was found in th e  low prices at 
which b orax  was offered. T his was occasioned partly 
by  com petition  am ong sellers b u t m ainy  because 
production  was proceeding along lines where costs 
were m uch lower th a n  h ad  been th e  case in  preceding 
years. P ro d uction  of borax  also has been gaining in 
volume. In  1927 th e  dom estic  o u tp u t was reported 
a t  64,864 tons valued a t  $5,072,278, which compares 
w ith  49,967 tons valued a t  $4,083,209 in  1925 and 
53.092 tons valued a t  $5,102,148 in  1923.

N o te s  on a T u n n e l  at R io  T in to .— At the 
F eb ru ary  m eeting  of th e  In s titu tio n  of Mining and 
M etallurgy a p ap er on th is  sub jec t was presented by 
C. R. Ju lian , and  d ea lt w ith  excavation  methods, 
drills, and drill steels, b lasting  (including the 
experim en tal use of th e  Cordeau Bickford fuse), 
m ucking, labour, v en tila tio n , and costs.

S H O R T  NOTICES
A lu m i n i u m  P a te n t s .— In  Industrial and

Engineering Chemistry fo r F eb ru ary , L. Van Doren 
gives th e  h is to ry  of th e  g ran tin g  of th e  Hall and 
H erou lt p a te n ts  of 1886, w ith  th e  object of exempli
fying th e  m any  pitfa lls  in  p a te n t  law  th a t  beset the 
inven tor.

G e o lo g y  o f  C oa l .— In  Economic Geology for 
Ja n u a ry , G. C. M cFarlane w rites on th e  igneous 
m etam orphism  of coal beds and  its  effects.

O r e  D e p o s i t i o n .— In  Economic Geology for 
Jan u a ry , C. D. H ulin  w rites on s tru c tu ra l control of 
ore deposition, m ore p a rticu la rly  in  connection with 
conditions contro lling  th e  fo rm ation  of ore-shoots.

M ig r a t io n  of  Ir o n .— In  Economic Geology for 
Jan u a ry , N. J . H a rra r  discusses th e  solvent action 
of organic acids on oxides of iron.

M e r c u r y  P r o d u c t io n  in N e v a d a .—In the 
Engineering and M ining Journal for Jan u a ry  5, H. W. 
Gould describes th e  m ercury  deposits in Pershing 
C ounty, N evada, th e  m ethod of m ining, and the 
m etallurgy.

P a t i n o  M in es ,  B o l iv ia .— M ining and Metallurgy 
for F eb ru ary  rep rin ts  a p ap er by  R. S. H andy which 
gives an  outline of th e  industries associated with 
th e  P a tin o  m ines, Bolivia, and of th e  conditions of 
w ork in  th e  Andes.

C o r r o s io n  o f  T in .—A t th e  F ebruary  meeting of 
th e  A m erican In s titu te  of M ining and Metallurgical 
Engineers, Dr. C. L. M antell presented  a lengthy 
pap er on th e  corrosion of t in  and  its  ores.

F. W. B r a d l e y ’s R e m i n i s c e n c e s .— Mining and 
M etallurgy  for F eb ru a ry  rep rin ts  an  address by the 
p residen t elect, F. W . B radley, in which he recounted 
his early  experiences in  w estern  Am erica, in  associa
tio n  w ith  Thom as Mein, H . C. Perkins, Hamilton 
Sm ith , and  others.

L e a d - F u m e  R e c o v e r y .— In  th e  Engineering and 
M ining  Journal for F eb ru ary  9, W . H . Rowley 
describes th e  E vans-W allow er m ethod  for re
covering d u st a t  a lead oxide p lan t.

M in in g  of  M a g n e t i te .— In th e  Engineering and 
M ining Journal of F eb ru a ry  2 and  9, A. M. 
Cummings describes th e  m ining of m agnetite  a t the 
Mineville d is tric t, New York.
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RECENT PA TEN TS PUBLISHED
1^" 4 copy o f the specification o f  a n y  o f the p a ten ts m entioned in  

this colum n can be obtained by sending  Is. to the Patent Office, 
Southam pton B u ild in g s , Chancery L a n e , L ondon , W .C . 2, w ith  
a note o f the num ber and  year o f the pa ten t.

19,145 of  1927 (303,574). D. F. C a m p b e l l  and 
E l e c t r i c  F u r n a c e  C o . ,  L t d . ,  London. Im proved 
method of m aking refractory  linings for furnaces.

20,987 of 1927 (275,672). J. B l u m e n f e l d ,  
London. Idanufacture of com pounds of titan iu m  or 
other rare ea rth  m etals involving hydrolysis of an 
appropriate sa lt solution by  heating, in which the  
hydrolysis is in itia ted  in an aqueous liquor of low 
concentration and th e  concen tra tion  is gradually  
increased by  adding a su b stan tia lly  concentra ted  
solution of the  appropria te  sa lt th e  ad d ition  being 
effected w ith  ag ita tion  over a prolonged period of 
tim e and preferably  a t  a sub stan tia lly  uniform  rate .

25,252 of 1927 (303,393). J. F. N e w s o m ,  Palo 
Alto, California. A hydraulic  classifier having 
multiple transverse  rows of cells or troughs w ith  
means for supplying fresh w a ter to  th e  bottom s of 
the cells to  create an  ascending cu rren t therein , in 
which transverse stream s of w ater are supplied in 
the cells to  p reven t packing of m aterial.

26,056 of  1927 (303,459). S t a n l e y  R o b s o n ,
Avonmouth, B. L a m b e r t , Oxford, and N a t i o n a l  
P r o c e s s e s , L t d . ,  London. M ethods of sim plifying 
the trea tm en t of roaster gases required in  m aking 
them  suitable for th e  co n tac t m ethod  of su lphuric 
acid m anufacture.

26,812 of  1927 (304,174).  F. L. D u f f i e l d ,
London. Im proved m ethod of reducing iron ores.

27,954 of  1927 (304,371). B e l l  T e l e p h o n e
L a b o r a t o r i e s , New York. Process of refining 
nickel or alloys consisting principally  of nickel, 
which consists of bringing th e  nickel to  a m olten 
state and adding th e re to  a substance com prising 
one or more of th e  m etallic m em bers of th e  vanadium  
group of elem ents.

28,677 of  1927 (304,829). W . W i t t e r ,  Halle, 
Germany, and M. L i s s a u e r ,  H . L i s s a u e r ,  and B. 
G o i e s m a n .  Process for purify ing  tin  ores by  roast
ing w ith powdered coal.

34,857 of  1927 (304,893). T. D. K e l l y ,  London. 
An alloy of iron, chrom ium , nickel, and  copper 
and means for m aking same.

34,896 of  1927 (282,772). M. B u c h n e r ,  H anover. 
Process of producing pure  alum ina compounds 
from m aterials containing alum ina by  dissolving 
such m aterials w ith  n itric  acid, w ith  application 
of heat and pressure, in a vessel consisting of an  
alloy of iron, nickel, and chrom ium , w ith  or w ithou t 
tungsten or sim ilar add itional m etal.

4.225 of  1928 (304,052). L. D e u t s c h ,  B udapast. 
Method of producing copper su lphate  in  b riq u e tte  
of small regular size, as a m ore convenient com
mercial form  th a n  th e  p resen t m ix tu re  of large and 
small crystals.

4.226 of  1928 (304,053). S. I. L e v y  and G. W. 
G r a y ,  London. M ethod of producing pure iron 
and pure chlorine by  th e  electrolysis of ferrous 
chloride.

4,278 of  1928 (304,492). J. I. B r o n n ,  C harlotten- 
burg, Berlin. In  th e  m anufacture  of refracto ry  bricks 
of chromite, th e  use of a fused cem ent as binder.

4,301 of  1928 (304,054). S. I. L e v y  and G. W. 
G r a y ,  London. In  th e  tre a tm e n t of py rites residues 
with hydrochloric  acid a  concen tra ted  so lu tion  of 
ferrous chloride is ob tained  con tain ing  all th e  lead 
present in  th e  original m ineral ; th is  p a te n t deals 
with th e  separa tion  of th e  lead from  th e  solution.

4,908 of  1928 (291,391). R . G o d e t ,  Ploesti, 
R oum ania. A new ro tary  drill for boreholes.

5,613 of  1928 (304,937). C. P. D e b u c h ,  B ochum , 
G erm any. Means for discharge of gases in  ro ta ry  
tu b u la r  furnaces such as a re  used in  certa in  ore 
trea tm e n t processes.

7,564 of  1928 (304,508). A. R. B r o w n  and  J. I. 
Y e a t s ,  London. A con cen tra to r for use in  alluvial 
m ining consisting in  a ro ta tab le  hollow cylinder 
provided in te rn a lly  w ith  a series of shaped an n u la r 
baffles or diaphragm s disposed perpendicularly  
w ith  respect to  its  axis and  in  co n tact w ith  its  wall 
and having openings provided w ith  rem ovable 
covers in  its  wall on th e  feed e n try  side of each 
baffle for th e  discharge of concen tra te.

6,393 of  1928 (303,684). M e t a l l b a n k  u n d  
M e t a l l u r g i s c h e  G e s e l l s c h a f t ,  F ran k fo rt on 
Main. Copper-silicon alloys which are suitable for 
casting  purposes.

9,661 of  1928 (294,197). C o m p a g n i e  d e s
M e t a u x  O v e r p e l t - L o m m e l , Overpelt-lez-Neerpelt, 
B elgium . Im provem ent in ap p ara tu s for roasting  
an d  sin tering  fine ores.

14,699 of  1928 (304,548).  E. A b e l ,  Vienna. 
Bearing m etals consisting chiefly of lead in  which 
th e  necessary characteris tic  is obtained by  m icro
scopic am ounts of rubid ium  or caesium, th e  am ount 
being betw een O'OOl and  0'005% .

15,687 o f  1928 (303,328). H . H a r r i s ,  London. 
Process for th e  purification of an tim onial lead alloys 
or o th er an tim onial m etals, in  which th e  m olten 
alloy is b rough t in to  in tim ate  co n tact w ith  a 
m ix tu re  of caustic  alkali and  alkali chloride a t 
tem pera tu res betw een th e  m elting  p o in t of th e  alloy 
and 550° C.

19,404 o f  1928 (293,359). I. G. F a r b e n i n -  
d u s t r i e  A.G., F ran k fu rt am  Main. R e p a te n t No. 
275,985, various m anganese silicon alloys a re  
proposed for pistons of in te rn al com bustion engines.

32,430 o f  1928 (304,580). N. V. P h i l i p s
G l o e i l a m p e n f a b r i c k e n , Eindhoven, H olland. 
Process for coating  m etallic or non-m etallic bodies 
w ith  osm ium.

35,878 of  1928 (303,096).  C. P. D e b u c h ,  Bochum , 
Germ any. A process for w orking ro ta ry  tu b u la r  
furnaces w ith  gas feed openings d istrib u ted  e ith e r 
over a  p a r t  of over th e  whole of th e  furnace wall, in 
p a rticu la r for roasting  ores poor in  sulphur and  
difficult to  roast, such for exam ple as zinc blende,, 
characterized  by  th e  fac t th a t  fuel is fed to  th e  
furnace a t  several po in ts sim ultaneously.

NEW BOOKS, PAMPHLETS, Etc.
¡ ^ “Copies of the books, etc., mentioned below can be obtained 

through the Technical Bookshop of T he M in in g  M agazine, 
724, Salisbury House, London, E.C. 2.

E v o lu t io n  of  th e  Ig n e o u s  R ocks .  B y N. L.
B o w e n . Cloth, octavo, 340 pages. P rice  $5.00. 
P rinceton, New Jersey  : The P rinceston  U n iv ersity  
Press.

M a tth e w  M u r r a y ,  P io n e e r  E n g in e e r .  Records 
from  1765 to  1826, edited  b y  E . K i l b u r n  S c o t t .  
Pam phlet, 132 pages, illu stra ted . Price 2s. 6d.. 
Leeds : Edw in Jo w ett, L td .

G e o lo g y  of  C o u n tr y  a r o u n d  L o n e ly  M ine.  
B y A .  M .  M a c g r e g o r .  B ulle tin  No. 1 1  of th e  
Geological Survey of Southern  Rhodesia.

D e t e r io r a t io n  of  C o l l i e r y  W in d in g  R o p e s  in  
S e r v ic e ,  w ith  descrip tion  of some ty p ica l failures. 
B y S. M. D i x o n ,  M. A. H o g a n ,  and J. M. R o b e r t 
s o n .  P ap er covers, octavo, 42 pages, illustrated..
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P aper No. 50 of the  Safety in  Mines R esearch Board. 
London : The Mines D epartm en t.

La R e g io n  S i tu é e  a l ’Est  de  la  H a u te  W ick era  
et  d es  S o u r c e s  de  la  P e tc h o r a .  B y L. D u p a r c  
and  M. G y s i n . Q uarto, p ap er covers, 140 pages, 
illu stra ted . Geneva : Im prim erie A lbert K undig. _ 

Les G is e m e n t s  P la t in i f é r e s  du B ir b ir  
(A b y ss in ie ) .  Hy I .. D u p a r c  and  E . M a l l e y . 
Pam phlet, 20 pages, illu stra ted . R ep rin t from  
th e  Swiss B ulletin  of M ineralogy and  P etrography .

P h y s ik a l i s c h e  P r o b l è m e  i m  A u fb e r e i tu n g s -  
w e s e n  d es  B e r g b a u s .  B y Dr. S i e g f r i e d  
V a l e n t i n e r . Octavo, paper covers, 110 pages, 
illu stra ted . Price 7 m arks. B raunschw eig : F ried  
Vieweg und Sohn A.G.

COMPANY REPORTS
M o d d e r fo n te in  B.—This com pany belongs to  

th e  Central M ining-Rand Mines group and  was 
form ed in  1908 to  work ground eas t of th e  New 
M odderfontein in  th e  F a r E as t R and . The report 
fo r th e  year 1928 shows th a t  830,000 tons was 
milled for 312,653 oz., an  average of 7-534 dw t., 
th e  revenue being 32s. 3d. an d  th e  w orking costs 
18s. 3d. p er to n  milled. T he to ta l w orking profit 
was ¿580,280, as com pared w ith  ¿588,803 for 1927. 
The ore resources a t  th e  end of 1928 were 1,814,800, 
value 7-5 dw t., as com pared w ith 2,273,320 tons, 
value 7-4 dw t., a t  th e  end of 1927. D ividends 
to ta llin g  80 p er cent, absorbed ¿560,000, th e  
balance unappropria ted  a t  th e  end of th e  year 
being ¿356,050.

P e ta l in g  T in .—This com pany belongs to  the  
Osborne and  Chappel group and was form ed in  
1920 to  w ork areas in  Selangor, F.M.S. The rep o rt 
for th e  year to  O ctober 31, 1928, shows th a t
3,860,350 cubic yards were trea te d  for 22,889 
piculs, value $1,456,175. A fter p roviding for 
norm al depreciation  and tran sferrin g  $18,500 to  
p ro p erty  redem ption, th e  profit am ounted  to  
$598,558. W ith  th e  final dividend of 7£% and 
th e  bonus d istrib u tio n  of 5% recom m ended th e  
to ta l d is trib u tio n  for th e  year to ta ls  35% .

A n g l o - B u r m a  T in .—T his com pany  belongs to  
th e  A nglo-French group an d  was form ed in  May, 
1926, to  w ork alluvial t in  p roperties in  th e  T avoy  
and  Mergui d is tric ts  of Lower B urm a. T he rep o rt 
for th e  year to  June  30, 1928, shows th a t  to  th e  end 
of Decem ber 231,900 cubic yards was tre a te d  for 
121 tons of t in  concentrates. So fa r n e ith e r of th e  
p lan ts has been w orking to  full capacity , so th a t  th e  
returns have been less th a n  an tic ipa ted , b u t the  
general m anager expects to  increase th e  o u tp u t 
m ateria lly  during  th e  ensuing ra in y  season.

N ew  C o n so r t  G o ld  M in e s .— This com pany 
belongs to  th e  Bailey group an d  was form ed under 
Union of South A frica laws in  1925 b y  th e  South  
African Townships M ining and  F inance C orporation 
to  acquire th e  C onsort gold m ine a t  N oord K aap  in 
th e  B arberton  d is tr ic t of th e  T ransvaa l. The 
adjoining Maid of De K aap  was acquired  la te r. 
The rep o rt for th e  y ear ended Ju n e  30 la s t shows th a t  
10,190 tons of ore was raised from  th e  Consort and  
8,965 tons from  th e  Maid. The to ta l  ore tre a te d  was 
18,900 tons averaging 86s. gold p e r to n . T he yield 
of gold was ¿66,286, in  ad d ition  to  w hich ¿10,695 
was ex tracted  from  12,852 tons of accum ulated  
sand. The w orking cost of th e  ore tre a tm e n t was 
¿41,340, leaving a w orking profit of ¿24,946, while

a profit of ¿3,467 w as m ade by  th e  trea tm e n t of 
accum ulated  sand, m aking, w ith  o th e r  sm all items, 
th e  to ta l  p rofit ¿28,928. D evelopm ent gave good 
resu lts d u ring  th e  y ea r and  th e  reserve a t  the  two 
properties w as estim ated  on Ju n e  30 a t  71,185 tons 
averag ing  96s. 5d. p er ton .

NEW  COM PANIES REGISTERED
A r r a n  B a r y te s .— R egistered  F ebruary  15. 

C apital : ¿50,000 in  35,000 “ A ” and  15,000 “ B ” 
shares of ¿1. D irectors : G. A. Dougall, J. A.
Gordon, G. E . Thom son, R . R obertson . Office: 
79, W est Nile S treet, Glasgow, C. 1.

C o n c e p t io n  E c u a d o r ia n  O i l f i e ld s .— Registered 
Ja n u a ry  16. C apital : ¿50,000 in  40,000 Ordinary 
shares of ¿1 and 40,000 D eferred shares of 5s. 
O bjects : To ad op t agreem ent w ith  French, British, 
and  Foreign T ru s t and to  acquire any  petroleum 
or oil-bearing lands in E cuador or elsewhere.

G o ld  C o a s t  C o n s o l id a t e d  L a n d s .— Registered 
F eb ru a ry  9. C apita l : ¿35,000 in 2s. shares.
O bjects : T o  ad o p t agreem ent w ith  Gold Coast 
Consolidated L ands and L. N. Billson, liquidator 
thereof. D irectors : J . A. Cooper, S. Bratchell.
Office : B road S tree t House, Old Broad Street
E.C. 2.

M a la y s ia m  T in .— R egistered  February  22. 
C apital : ¿250,000 in  5s. shares. O b jec ts : To
a d o p t tw o agreem ents w ith  th e  U niversal Engineer
ing  and  D evelopm ent C om pany and  Selangor Tin, 
etc .

N ig e r ia n  E le c t r i c i t y  S u p p ly  C orporat ion .—
R egistered F eb ru ary  11. C a p ita l: ¿200,000, in 
¿1 shares. O bjects : To produce, generate, and 
d istrib u te  electrical energy or power, etc. D irectors: 
H on. L. H olland (chairm an Associated Tin Mines 
of Nigeria), H . G. L atilla  (chairm an Nigerian Base 
M etals Corporation), M ajor E . S. M arks (managing 
d irec to r A ssociated T in  Mines of Nigeria). Office : 
F in sb u ry  P av em en t H ouse, E.C. 2.

O liv e r  U n i te d  F i l t e r s .— R egistered February 8. 
C apital : ¿1,000 in  ¿1 shares. Office : 150,
S ou tham pton  Row, London, W .C.

P a r e n t  C o a l  C a r b o n i s a t io n  T r u s t .— Registered 
F eb ru ary  20. C apital : ¿750,000 in  1,200,000
E ig h t p er Cent. C um ulative P a rtic ip a tin g  Preference 
shares of 10s. and  3,000,000 Deferred Ordinary 
shares of Is. O b je c t : To ad o p t agreements (a) 
w ith  M aisel’s Petro leum  T ru st, (b) w ith  the said 
T ru s t and  F ordham s’ T ru st, an d  (c) w ith  the said 
F ordham s’ T r u s t ; to  acquire righ ts for Great 
B rita in  of a  secret process for low temperature 
carbon iza tion  of coal know n as th e  Aicher Process, 
etc . D irectors : Lord Askw ith, E. Cohen, R. F. M. 
Scott.

P e t r o l e u m  R e f in e r ie s .— R egistered February 20. 
Capital : ¿470,000 in  700,000 Participating
Preferred  O rd inary  shares of 10s., and 2,400,000 
O rd inary  shares of Is. O bjects : To adopt agree
m en t w ith  F u rm an ite  E ngineering Company, etc. 
Office : 28, Grosvenor Place, S.W. 1.

R o s e y  C ro ss  A s b e s to s  M in es  o f  R hodesia .— 
R egistered  F eb ru ary  21. C apital : ¿70,000
in  Is. shares. O bjects : To acquire certa in  mines 
and  m ining claims in  Southern  R hodesia known as 
R osey Cross, R ex, St. A nthony , P rice  and Priceless 
Blocks.

S u n g e i  P a r i  H y d r a u l i c  T in .— Registered 
Ja n u a ry  24. C apital : ¿230,000 in  5s. shares.
Objects : To ad op t agreem ent w ith  Anglo-Scottish 
T in C orporation and B ritish  M alayan T in Syndicate.


