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E D IT O R IA L

TH R E E  of th e  annual aw ards of th e  
Geological Society of London will 

in te rest m ining m en. The M urchison m edal 
and  fund goes to  D r. A. L. du  Foit, whose 
w ork in South  A frica is w idely know n, while 
th e  B igsby m edal has been aw arded  to  
Mr. E . J . W ayland  in recognition  of his 
activ ities in U ganda and  elsewhere. In  
add ition  a  m oie ty  of th e  Lyell F und  is to  
be presen ted  to  Mr. A. B. B roughton  Edge 
in recognition of th e  value of his geophysical 
w ork in its  app lication  to  geological problem s.

IN  th e  last issue of the  M a g a z in e  it was 
announced th a t  th e  A nglo-Persian d ispu te 

w ould come before th e  Council of the  League 
of N ations on J a n u a ry  23. A fter a s ta tem en t 
of th e ir  case by  th e  B ritish  and  Persian 
G overnm ents, bo th  parties  were persuaded 
to  m eet, M. Benesh being appo in ted  
rapporteur. U nder his offices an  acceptable 
form ula was found, w hich, i t  is hoped, will 
lead to  a  sa tisfac to ry  solution. The respective 
G overnm ents have agreed to  suspend p ro ­
ceedings before th e  Council u n til May 
and  m eanw hile th e  com pany will open 
negotiations w ith  the  P ersian  au tho rities for 
a  new concession, its  norm al operations being 
continued  during  th e  progress of discussion.

T H E  new president of the  In s titu tio n  of 
M ining and  M etallurgy— for th e  period 

1933-34— is Mr. G. W. G ray, who, i t  is 
in te resting  to  note, g rad u a ted  from  the  
R oya l School of Mines in m ining in  1899, 
th e  sam e year as his predecessor. He 
im m ediate ly  proceeded to  his first p ro­
fessional appo in tm en t as assis tan t m anager 
of th e  Panuco  Copper Co., Mexico, w here he 
spent abou t a  year, subsequently  going to  the  
M ountain  Copper Co., California. In  1902 
Mr. G ray was appo in ted  m ine and  mill 
superin tenden t of the  Loem ar Mining Co., 
D u tch  W est Borneo, b u t four years la ter 
saw his re tu rn  to  Mexico as m anager of 
m ines for th e  Refugio Syndicate, an d  in 
1908 he w ent to  R ussia as m ine m anager of 
the  K ysh tim  Corporation, only to  re tu rn  to  
A m erica in  abou t th ree  years to  become 
m anager of th e  P y rites  Co., V irginia, which 
began his association w ith  the  group he has 
since been alm ost continuously  identified 
w ith . H is w ork in Spain com m enced in 
1913 on his appo in tm en t as chief m ining

engineer and  d ep u ty  technical m anager to  
th e  Rio T in to  Co. and  except for an  in te r ­
vening period in consulting  p rac tice  from 
1921-27— when he was in p a rtn e rsh ip  w ith 
Mr. W illiam  Selkirk— Mr. G ray has rem ained 
w ith  th em  ever since, hav ing  been technical 
d irec to r since 1929. The president-elect 
becam e a m em ber of th e  In s titu tio n  in 1922 
and  was p residen t of th e  R oyal School of 
Mines (Old S tudents) A ssociation in 1931.

T ropical H ygiene and M alaria Control

There was a good num ber of m em bers at 
th e  J a n u a ry  m eeting  of th e  In s titu tio n  to 
h ear th e  address by  Sir M alcolm W atson, 
D irector of Tropical H ygiene in th e  Ross 
In s titu te  and  H osp ita l for Tropical Diseases, 
on “ T ropical H ygiene and  M alaria Control 
on Mines a t V arious E le v a tio n s .” The death  
of Sir R onald  Ross m ust be fresh in the 
m inds of all and  i t  is now  w idely realized 
how grea t an  effect his researches h ad  on the 
fu rtherance of engineering p ro jec ts  in  the 
tropics, while th e  w ork carried  on in  London 
a t the  in s titu te  bearing  his nam e has received 
welcome pub lic ity  b y  reason of the 
prom inence given to  its  ach ievem ent in 
clearing th e  copper m ines in  N orthern  
R hodesia of m alaria  and  coincident diseases. 
In  add ition  m any  m em bers have availed 
them selves of th e  courses of in stru c tio n  in 
m alarial con tro l th a t  are held a t th e  Ross 
In s titu te  each year and  th e  p rac tica l advice 
given b y  those  in  charge has been readily 
acknowledged, a  recent le tte r  in  these pages 
undoub ted ly  reflecting th e  general opinion. 
Mining m en realize w hat m ay, perhaps, be 
best expressed in th e  lec tu re r’s own words, 
th a t “ th e  tim e is p as t w hen any  business 
concern should force its  w ay in to  th e  tropics, 
bu ild  its  houses on th e  w rong site, lose a  large 
percentage of its  m en, and  th en  begin to 
‘ ta k  ’ a  th o u g h t and  m end ” ; nevertheless, 
ever eager for fu rth e r guidance, th e y  formed 
an  a tte n tiv e  audience on th is  occasion.

The education  of th e  laym an  in m a tte rs  
connected w ith  m alaria l contro l is of suprem e 
im portance, for, as Sir M alcolm po in ted  out, 
it is upon him  th a t  th e  burden  u ltim ately  
falls. One of the  m ost str ik in g  po in ts  arising 
out of the  lecture and  one which serves to 
em phasize the  need for m ore general in struc­
tion  in trop ical hygiene seem s to  be th a t  if 
m alaria  is presen t efficiency is also lost from 
o ther diseases, inasm uch as th e  m alady
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tends to  lower th e  v ita lity  of its  victim s and  
open th e  w ay to  a tta c k  by  o ther germs, the  
sta tis tics collected during contro l w ork in 
M alaya affording a strik ing  dem onstration  
of th is . In  th e  course of th e  evening o ther 
im p o rtan t fac ts— alm ost d isconcerting in 
the ir negation  of preconceived ideas— 
em erged. F o r instance, trop ical swam ps are 
no t regarded  as necessarily m alarial, th e rice - 
fields of Ind ia, M alaya, Siam, and  o ther 
places being, for exam ple, singularly  free 
from  th e  disease, while th e  same is said to  be 
tru e  of artificial swam ps contain ing mine 
tailings. The reason for th is  is apparen tly  
th a t  those m osquitoes which ca rry  m alaria  
breed, as a rule, in clean w ater and  w ater 
pollution— by th e  addition  of m ine tailings 
or decom posing vegetable m a tte r— tends to  
lessen the  risk of infection. Again, if it is 
impossible to  kill th e  infected  insects, it is 
possible to  move aw ay from  the  danger zone 
and  sites a t a distance of only half a  mile 
from  infected runn ing  stream s have been 
found to  be safe dwelling places. These th ree 
po in ts seem to  em erge from  Sir M alcolm 's 
discourse, which was concerned, as th e  title  
of his paper indicates, w ith an exam ination  
of w ork conducted on m ining p roperties a t 
varying altitudes, which has tak en  him  far 
afield, to  M alaya, Ind ia, Africa, and  o ther 
p a rts  of the infected tropics. The im portance 
of a suitable site for headquarte rs  is the  p lain 
lesson for those selecting a m ine cam p, while 
the  prospector in new countries is w arned not 
to  cam p near a  stream  and  also well aw ay 
from  the  nearest native  village— practical 
lessons th a t  have already  been learn t by 
those who have had  experience in the tropics.

The discussion was opened by  Mr. R. E. 
Palm er, whose particu la r experience w ith 
m alaria  has been in sou thern  Spain. H is 
questions to  th e  lecturer were pertinen t, 
particu larly  w hen he referred  to  th e  n a tu ra l 
in stinct of th e  explorer to  cam p near running  
w ater. To all w ith trop ical experience th is  
m ust seem by  far th e  m ost difficult m istake 
to  eradicate, for, a t th e  end of a  tiring  trek , 
a clearing near running  w ater is irresistible 
to  prospector and carriers alike. Following 
Mr. P alm er was Mr. A. D. S torke, who 
pointed  ou t th a t  m alaria  was a serious m a tte r  
a t the  com m encem ent of operations a t the 
Roan A ntelope m ine and  th a t  g rea t im prove­
m ent resu lted  im m ediately  the  Ross In s titu te  
expedition  took  over th e  w ork of control, 
b lackw ater fever being a th ing  of the  past 
in the  N orthern  Rhodesian camps. The cost 
of th e  w ork a t  R oan  A ntelope is interesting,

th e  cap ita l ou tlay  hav ing  been ¿25,000, 
a  sm all am ount in  rela tion  to  the  
cap ita lization  of th e  com pany and  small 
indeed when reckoned against th e  resu ltan t 
gain in  th e  efficiency and  happiness of the  
m ine staff. D r. Ram sey, whose w ork in 
Ind ia  had  been referred to  by  th e  lecturer, 
followed and  his rem arks served to  show 
clearly th e  need for fu rth e r research, for, as 
he s ta ted , the  problem  is how to  deal w ith  a 
type of anopheles m osquito  th a t  breeds in 
clear w ater in exposed places and  to  find a 
p lan t to  grow beside th e  stream s in  order to 
shade them . O ther speakers included Mr. 
E. T. M cCarthy, Dr. J . A. L. H enderson, and 
Mr. S. H . de la  Mare, all of whom  have had  
extensive experience in th e  tropics and  whose 
questions and  rem arks added to  th e  in te rest 
of th e  discussion. Sir Malcolm W atson, in 
his reply, showed th a t  there were always 
difficulties peculiar to  new sites and  th a t 
co-operation betw een the  m edical m an and 
th e  laym an in control is the  m ost im portan t 
factor in overcom ing th e  ravages of disease 
and  prom oting healthy  and  efficient work in 
trop ical places.

The Rand and the Gold P rem ium
W hen South  A frica left the  gold standard  

the  first step  was taken  which led to  increased 
a tten tio n  being d irected  to  R and gold-m ining 
shares and  a t a  m eeting of th e  T ransvaal 
Cham ber of Mines last m on th  Mr. John  
M artin, th e  president, m ade an  im portan t 
sta tem en t on th e  policy of th e  gold-m ining 
industry  consequent on the  new ly-created 
position. Mr. M artin  po in ted  ou t th a t  the  
uncerta in  exchange s ituation  had  created  
m any  difficulties likely now to  be rem oved, 
b u t recom m ended th a t  th e  adoption  of a 
sterling basis should be the  objective of the 
U nion’s m one tary  policy. H e expressed the  
belief th a t those in charge of South African 
affairs had never been sufficiently im pressed 
by  the  sta rtling  progressive decline in  the  
industry  th a t  would have been inevitable 
under the  old conditions, even though  the  
recom m endations of th e  Low G rade Ore 
Commission and  the  estim ates of the  G overn­
m ent Mining Engineer were fresh in all m en’s 
m inds. The increased price now obtainable 
for th e  produce of th e  in d u stry  did  m uch, in 
Mr. M artin’s opinion, to  im prove its 
prospects, the  question of bringing lower- 
grade ore and  ore from  greater dep ths in to  
production  having been an ou tstand ing  
problem  in the  econom y of gold, and  he was
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confident th a t  under th e  different conditions 
som ething in  th e  n a tu re  of a  new  m ining 
policy  w ould be evolved, in  w hich full 
advan tage  w ould be ta k e n  to  lower p ay  
lim its, to  increase th e  ore reserves, to  
accelerate th e  developm ent of ore-bodies a t 
p resen t being w orked, an d  to  forw ard th e  
exploration  of new  reefs previously regarded  
as unpayable . A t th e  sam e tim e Mr. M artin  
foresaw th a t  th e  increased price of gold 
w ould ensure a sub stan tia lly  higher scale of 
w orking profits, so th a t  to  th e  detached  
observer there  seems som ething con trad ic to ry  
in  his review, w hich m akes th e  position 
w orthy  of closer exam ination .

The m ining of ore of lower grade or, in 
o ther w ords, increasing reserves by  th e  
add ition  of g round h ith e rto  regarded  as 
unpayable can hard ly  m ake for enlarged 
profits, for th e  tre a tm e n t p lan ts  a t th e  
p roperties are n o t elastic and  are in  m ost 
cases already  being w orked to  th e ir  full 
capacity . An increased scale of profits is 
only possible if the  in d u stry  continues to  
tre a t ore of, let us say, 1932 grade and  th is  
could only m ean th a t  full advan tage  w as no t 
being tak en  of th e  new  conditions to  ex tend  
th e  lives of th e  mines. The in d u stry  cannot 
have it  b o th  w ays an d  to  ob ta in  increased 
profits while m ining low er-grade ore w ould 
only be possible by p lan t extensions such as 
hard ly  seem w arran tab le , unless it  is felt 
th a t  th e  presen t conditions are only likely to  
be of short duration . W ith  regard  to  certain  
of th e  lower-grade properties— properties on 
th e  border line of profit and  loss— conditions 
are, of course, g rea tly  im proved and  in such 
cases an  increase in  th e  capac ity  of the  
trea tm e n t p lan t m ay be justified and  the  
profits are likely to  im prove. A sane view 
w ould seem to  be th a t  th e  m ain  effect of the  
d ep a rtu re  of the  U nion from  th e  gold 
s ta n d ard  should be to  prolong th e  life of the  
in d u stry  ra th e r  th a n  to  provide an  increased 
re tu rn  to  th e  shareholders, m uch of which 
has been discounted by  enhanced price 
levels. I t  would seem th a t  good profits over 
a  longer period are b e tte r  th a n  increased 
profits over a  short one, especially as th e  
in ten tions of th e  U nion G overnm ent w ith  
respect to  new ta x a tio n  and  th e  a ttitu d e  of 
labour to  th e  p resen t wage levels are qu ite  
unknow n.

There is ano ther aspect of th e  present 
s itu a tio n  th a t  seems w orthy  of notice. I t  
has often  been s ta te d  th a t  shortage of gold is 
largely responsible for th e  p resen t world 
s itu a tio n  and  we have been rem inded th a t

in  some p ro v id en tia l w ay  depression has in 
th e  p as t been coun tered  b y  th e  opportune 
d iscovery of new  fields. Some observers 
consider any  ex tension  of th e  life of the 
R a n d  equ ivalen t to  such a  discovery , b u t it 
is difficult to  follow th e ir  reasoning. The 
po in ts  prev iously  review ed serve clearly  to 
show how m is taken  is such a  no tion , for 
p resen t conditions can  h ard ly  contrive to 
s tim u la te  p roduction  on th e  R a n d — they  
m ay  even have th e  reverse effect, for it 
m ust be realized  th a t  la s t y e a r’s p rofits can 
be m a in ta in ed  by  a  low er o u tp u t. One is, 
therefore, forced to  re tu rn  to  th e  sane view 
and  to  assum e th a t  th e  gold p rem ium  is 
un likely  to  increase th e  annua l o u tp u t of the 
R and , b u t should  serve to  prolong th e  life 
of th e  m ost im p o rta n t in d u s try  of th e  Union.

Gold in Kenya
Speaking a t  a luncheon held  la st m onth  

in  h is honour, Sir A lbert K itson , w ho has 
recen tly  re tu rn ed  from  K en y a  on the 
conclusion of h is w ork  of in au g u ra tin g  a 
geological su rvey  an d  m ines d ep a rtm en t for 
th e  colony, review ed th e  prospec ts of the 
K akam ega goldfield, w here he sp en t a  good 
portion  of his tim e. In  th e  course of his 
rem arks, he p o in ted  ou t th a t  th e  field was 
g radually  changing  from  a  pu rely  alluvial 
s ta te  to  one in  w hich th e  reefs m ust be 
explored in d ep th  an d  th a t  th e  fu tu re  of the 
field depends on th e  dow nw ard  an d  lateral 
ex tension of th e  reefs, m a n y  of w hich have 
p roved  to  be h ighly  auriferous. T h a t the 
gold is th e re  is am ply  proved  by  th e  retu rns 
recen tly  published, th e  o u tp u t for th e  ten 
m onths to  O ctober, 1932, being es tim a ted  at 
8,112 oz., as com pared  w ith  2,450 oz. for the 
sam e period of 1931. The increase is m ainly 
from  th e  new  K akam ega field an d  comes 
alm ost en tire ly  from  th e  alluv ia l diggings. 
A part from  th e  function  referred  to , fu rther 
reference to  th is  field is called for in  view of 
th e  publication  of th e  m ain  conclusions of 
Sir A lbert’s second rep o rt on th e  field, in 
w hich he deals p a rticu la rly  w ith  th e  applica­
tion  of T angany ika Concessions, L td ., for an 
exclusive prospecting  licence over an  area 
of 5,900 square m iles su rround ing  th e  field 
itself.

The K akam ega goldfield, as a t p resen t open 
to  general p rospecting , lies in th e  east of 
C entral K avirondo , th e  a rea  applied  for by 
th e  com pany m entioned  runn ing  in to  
N orthern  and  S outhern  K av irondo , in the 
la tte r  down to  the  T an g an jd k a  border. The
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in tense opposition felt in  K enya itself to  the  
gran ting  of th is  licence has already  been 
referred to  in these colum ns and  it  m ay  be 
said a t  once th a t  Sir A lbert is in agreem ent 
w ith  th e  opposition and  w ould advise th a t  
the  application, as i t  stands, be no t approved. 
The offer of T anganyika Concessions 
ap p a ren tly  proposed th a t  a  staff of 11 m en—  
nine of w hom  would have been prospectors— 
should be en tru s ted  w ith  th e  w ork of explora­
tion  and  it was estim ated  th a t  th is  would 
m ean, in  addition , th e  em ploym ent of 330 
natives. The m inim um  expenditure involved 
in  th e  w ork was estim ated  a t £20,700, 
spread over a period of tw o years. Sir 
A lbert K itson considers th e  proposed staff 
to ta lly  inadequate for a proper exploration  
of th e  area and  he has form ulated  a  scheme 
under w hich he considers th e  w ork w ould 
be m ore thoroughly  carried  out. H e recom ­
m ends th e  division of K avirondo in to  
five sections—F irs t, p a r t of N orth-W est 
K avirondo (1,550 square miles), extending 
n o rth  of th e  presen t field ; secondly, th e  area 
w estw ard  and  south-w estw ard  of th e  ex ten­
sion of th e  K akam ega field and  lying m ainly 
in C entral K avirondo (approxim ately 1,000 
square miles) ; th ird ly , sou thern  C entral 
K avirondo and  no rthern  and  easte rn  South 
K avirondo (approxim ately 1,720 square 
miles) ; fourth ly , w estern South K avirondo 
(approxim ately  1,140 square miles), and, 
fifthly, the  Gori goldfield, in  South K avirondo 
(approxim ately  485 square miles). Of these 
areas Sir A lbert advises th a t  the  second and  
fifth should be throw n open for general pro­
specting, as it is a lready know n th a t  gold 
occurs w ith in  them , while the  o ther th ree 
should rem ain for th e  presen t closed, b u t th a t  
T anganyika Concessions should be inform ed 
th a t the  G overnor is prepared  to  g ran t an 
option over one of them  and  to  receive 
applications from  th a t  com pany, from  o ther 
companies, or from  individuals for portions 
of th e  rem aining two. In  the  event of the 
com pany concerned refusing th e  option, then  
applications should be receivable for all 
th ree  for exclusive prospecting licences over 
one or tw o year periods a t an  annual ren ta l 
of 2s. per square mile.

I t  is ev iden t from  th is  sum m ary  of his 
report th a t  Sir A lbert K itson is m ost critical 
of th e  offer of T angany ika Concessions. H e 
con trasts th e  expenditure proposed by  the 
com pany w ith  th a t  likely to  be spent by 
K enya m iners if th e  areas he recom m ends 
are th row n open to  general prospecting. In 
such a  case he foresees th e  activ ities of 200

m en em ploying approx im ate ly  3,000 natives, 
which w ould m ean, of course, an  annual 
expenditure, ac tua lly  w ith in  th e  colony, of, 
say, th ree  tim es th a t  proposed by  the  
com pany, while th e  K enya m iners are now 
sufficiently experienced in  local conditions 
adequate ly  to  prospect the  ground throw n 
open and  th ey  have, in add ition , a  g reater 
incentive to  thorough work, as the ir only 
rew ard  will be th e  fru it of th e ir  own 
endeavour. Such a  course of action  would 
seem to  be of ac tua l benefit to  m ore powerful 
in terests , for the ir prospecting would, in a 
sense, be done for them  and  th ey  w ould be 
in  a  position to  choose w hich discoveries are 
w orthy  of fu rther investigation . W ith  respect 
to  the  conditions under which new exclusive 
licences are g ran ted , Sir A lbert insists th a t  
these should include a  considerably increased 
m inim um  expenditure, th e  em ploym ent of 
far m ore n a tiv e  labourers, and  a  definite 
detailed  program m e, ra th e r  th a n  indications 
of a  proposed course. I t  is evidept, therefore, 
th a t  Sir A lbert does no t in tend  th a t  th e  new 
m ines departm en t of th e  colony should be 
ignored and  considers th a t  th e  super­
intendence of th e  resu lts of carefully-planned 
w ork w ould occupy its  tim e fully.

The publication  of th is  new report— to 
which, as is s ta te d  in  a  p refa to ry  note, the 
K enya G overnm ent a ttaches the  grea test 
im portance— is likely to  enlarge consider­
ab ly  th e  areas of native  land  affected by  the  
gold discoveries and, if the  au tho rities decide 
to  th row  open th e  new areas, th ey  are likely 
to  accen tua te  th e  controversy th a t  has 
arisen over th e  tem porary  dispossession of 
th e  natives in th e  reserve. The reservation  of 
m ineral righ ts to  th e  G overnm ent in  order 
th a t  th ey  m ay  be w orked to  th e  best 
advan tage to  th e  com m unity  has never been 
questioned, so th a t  i t  is difficult to  see 
how those who on anthropological and 
hu m an ita rian  grounds fear for th e  n a tiv e  can 
com plain a t the  exam ination  of th e  surface 
of areas where m ineral is know n to  exist. 
The eagerness of th e  natives in  the  reserve to  
accept the  new em ploym ent offered to  the 
younger m en seems a  sufficient answer to  the  
trep idations of those who fear th e  w orst and  
who ta lk  openly of th e  likelihood of native  
unrest. Before m ore coun try  is th row n open 
to  prospecting certain  critics insufficiently 
acquain ted  w ith  C entral A frican conditions 
have asked for fu rther deliberation. I t  
m ight be as well to  let them  have it, for it 
would show them  th a t  th e ir  fears are 
unw arran ted .
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In trod u ction .— I h e  increased ac tiv ity  

in South A frican gold-m ining shares, con­
sequent on th e  d epartu re  of th e  U nion from 
th e  gold s tandard , has been an  ou tstand ing  
feature of th e  pas t m onth , b u t m a tte rs  a t 
th e  tim e of w riting  appear to  be se ttling  
down to  an  apprecia tion  of th e  real position. 
In  the  base-m etal in d u stry  th e  outlook of 
tin  has been d istinctly  im proved by  th e  
Ja n u a ry  s ta tistics , w hich reveal a  d im inution 
of 1,500 tons in th e  world visible supply, 
while th a t  of zinc has been adversely affected 
by  u n ce rta in ty  as to  th e  renew al of the  
In te rn a tio n a l Cartel.

T ransvaal.—The o u tp u t of gold on the 
R and  for Ja n u a ry  was 919,125 oz. and  in 
outside d istric ts 48,332 oz., m aking a  to ta l 
of 967,457 oz., as com pared w ith  980,618 oz. 
in Decem ber. The num ber of natives 
em ployed in  th e  gold m ines a t  th e  end of 
Ja n u a ry  to ta lled  222,005, as com pared w ith  
221,008 a t the  end of December.

Shareholders of R andfontein  E sta tes  have 
been inform ed th a t  as th e  h igher price being 
obta ined  for gold has m ade profitable an  
additional large tonnage of ore it  has been 
decided to  enlarge th e  reduction  p lan t, 
bringing its  capac ity  up to  10,000 tons a day. 
The estim ated  cost of th e  w ork is £210,000, 
while o ther equipm ent and  w ork inciden tal 
to  the  larger scale of operations will involve 
a  to ta l cap ita l expenditure of abou t £700,000, 
spread over tw o years. I t  is expected  th a t  
th e  p lan t extensions will be com pleted by  
Jan u ary , 1934.

As usual th e  q u arte rly  reports  of th e  R and  
m ining com panies disclose several item s of 
in terest, especially as regards th e  ore-reserve 
position, as figures are calculated  on 
the  1932 basis. In  the  Anglo Am erican 
group Springs’ reserves show an  increase of
385,500 tons as com pared w ith  th e  previous 
year, while those a t D aggafontein have been 
increased by  99,000 tons, a lthough  th e  grade 
in th is  case is a  little  lower. The ore reserves 
of W est R an d  C onsolidated a t th e  end of 
1931 were es tim ated  to  be 5,028,000 tons, 
averaging 5'3 dw t., an  increase of 10,000 tons 
in  am oun t an d  0T dw t. in  value as com pared 
w ith  a year ago. The South  Shaft a t th is  
m ine in tersected  th e  M ain Reef a t 3,613 ft. 
and  during D ecem ber last reached 3,776 ft., 
a t w hich No. 36 level s ta tion , th e  lowest 
level contem plated , was being cut. The repo rt 
of th e  New K leinfontein for th e  th ree  m onths 
ended D ecem ber 31 last discloses in teresting

developm ents in th e  A pex section, especially 
the  finding of th ree  m ore pay-shoots on the 
10th and  12th levels, in view of which 
add itiona l equ ipm ent is to  be insta lled  th a t 
will perm it 3,000 ft. of developm ent per 
m onth  to  be carried  ou t in stead  of 2,000 ft. 
In  th e  Gold F ields group th e  rep o rt of the 
Sub Nigel shows an  increase in  th e  reserves 
of 160,000 tons an d  it  has been decided to 
increase th e  reduction  p lan t to  a  capacity  
of app rox im ate ly  41,000 tons a  m onth , the 
construc tion  w ork to  s ta r t  im m ediately .

The rep o rt of Crown Mines for th e  three 
m onths to  D ecem ber 31 last s ta te s  th a t  an 
applica tion  has been m ade for th e  under­
m ining righ ts of an  area  equal to  approxi­
m ately  829 claim s ad join ing th e  com pany’s 
sou thern  boundary . I t  is s ta te d  th a t  the 
com pany con tem plates ex tend ing  its  t r e a t­
m en t p la n t an d  increasing developm ent.

The acquisition  by  L u ipaards Vlei of 
th e  block of claim s form erly w orked by 
th e  F rench  R an d  and  T udor com panies is 
expected  g rea tly  to  ex tend  th e  life of the 
m ine and  it  is an tic ip a ted  th a t  efforts will 
be m ade to  ex tend  th e  scale of operations.

I t  is s ta te d  th a t  arrangem en ts have been 
com pleted betw een th e  S outh  A frican Land 
Com pany and  th e  Anglo A m erican Cor­
poration  th a t  will p rovide th e  funds necessary 
for prospecting  th e  farm  W itpoo rt by  the 
B rakpan  and  W est Springs com panies.

The accounts of th e  Tw eefontein Colliery, 
L td ., for 1932 show a  profit of £20,200, 
w hich, added  to  th e  sum  b ro u g h t in , gave 
an available to ta l of £61,840. Of th is  sum 
£7,500 was absorbed  in  th e  p ay m en t of 
a  d iv idend  and  bonus for 1931, w hile £7,500 
w ent in  preference d iv idends, leaving 
a balance of £46,840. F rom  th is  am oun t it is 
proposed to  pay  div idends a t th e  sam e rate  
as last year, absorb ing  £10,500, while 
£6,000 will be placed to  a  d iv idend  equaliza­
tion  reserve, leaving £30,340 to  be carried 
forw ard. The to ta l coal sold by  Twee­
fontein U nited  Collieries am o u n ted  to 
654,756 tons, aga inst 725,977 tons for the 
previous year.

Southern R hodesia.—T he o u tp u t of 
gold from  S outhern  R hodesia during 
D ecem ber was 52,096 oz., as com pared  with 
48,082 oz. for th e  previous m on th  and 
50,034 oz. for D ecem ber, 1931. O th er o u tp u ts  
for D ecem ber were : S ilver, 8,559 oz. ;
coal, 33,840 tons ; chrom e ore, 941 tons ; 
asbestos, 1,944 tons.
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Shareholders of R ezende Mines, L td ., were 
inform ed last m on th  th a t  th e  reduction  of 
cap ita l having been sanctioned  by  the 
E nglish Court, th e  da te  of repaym ent of 
6s. 6d. per share had  been fixed for
Ja n u a ry  31 last.

I t  w as announced last m on th  th a t  a cross­
cut on th e  M otor No. 27 level of th e  Cam 
and  M otor m ine had  a t 311 ft. encountered 
ore averaging 79s. per ton  over a w id th  of 
16 in., while a t 335 ft. a split portion  of the  
C entral Reef was found w hich assayed 
387s. 6d. per ton  over 24 in.

N orthern Rhodesia. — Shareholders of 
the  R oan Antelope com pany have been 
inform ed th a t it is proposed to  discontinue 
the  publication of m onth ly  o u tp u t retu rns, 
which will, however, continue to  be included 
in the  q u arte rly  reports.

Gold Coast.—The report of the  A shanti 
Goldhelds Corporation, L td ., for the  year to  
Septem ber 30 last shows a  profit of £689,299, 
which, w ith  the  sum  brough t in, gave an 
available to ta l of £775,440. O ut of th is  sum 
two in terim  dividends, each of 25% , had  
been paid, absorbing £250,000, while a final 
d is tribu tion  of 25%  and  a cash bonus of 2s. 
per share absorbed £375,000. In  add ition  
£100,000 has been placed to  d ividend 
equalization reserve and, after m aking o ther 
allowances, £26,484 carried  forw ard. The 
ore trea ted  during th e  year to ta lled  
158,330 tons, yielding 175,063 oz. of gold and 
10,717 oz. of silver. The ore reserves a t 
Septem ber 30 last were estim ated  to  be 
642,100 tons, averaging 23'6 dw t. per ton, 
as com pared w ith 667,400 tons, averaging 
23’1 dw t., a t  th e  end of th e  previous year.

In  a progress repo rt issued to  shareholders 
of B ibiani (1927), L td ., last m onth  it was 
sta ted  th a t  the erection of the new power 
p lan t had  been com pleted and  th a t  t r e a t­
m ent p lan t construction  was progressing 
satisfactorily.

A t th e  annual general m eeting of the 
A shanti Goldhelds C orporation held last 
m on th  it was announced th a t  a  pooling 
arrangem ent had  been en tered  in to  by the 
Consolidated Gold Lields of South Africa, 
L td ., the  Anglo A m erican C orporation of 
S outh  A frica, L td ., th e  A shanti Goldhelds 
Corporation, L td ., and  th e  Gold Coast 
Selection T rust, L td ., for th e  form ation of 
a developm ent syndicate to  operate in 
Gold Coast Colony. The last-nam ed com­
pany  offered its  shareholders 300,000 unissued 
5s. shares a t par on Ja n u a ry  26. I t  has 
engaged Mr. O. A. L. W hitelaw , la te geologist

to  the  Gold Coast Geological Survey, whose 
services will be placed a t the  disposal of the 
new syndicate.

A ustralia.— R eports of th e  M ount Isa 
com pany for th e  year ended Ju n e  30 last 
were available in tim e for the  general 
m eeting held in Sydney in Decem ber, bu t the  
presen tation  of a  balance sheet has been 
deferred un til the  present year. The report 
of the  general m anager shows th a t  454,604 
tons of ore was m ined, consisting of 
345,656 tons of carbonate  ore, 97,690 tons 
of sulphide ore, and  11,258 tons of pyrite , 
and  th a t  453,145 tons was delivered to  the  
mill storage bins and 1,459 tons to  the 
sm elter. The mill, which s ta rted  w ork in 
May, 1931, was no t operating  properly un til 
June , bu t up to  Ju n e  30 last 453,997 tons 
of ore, having an  average value of 10'7%  
lead, 4 '1%  zinc, and  5‘5 oz. silver per ton, 
was trea ted , producing 87,500 tons of con­
cen tra tes averaging 44-4% lead, 5 '5%  zinc, 
and  21'9 oz. silver per ton. The o u tp u t of 
the sm elter was 38,008 tons of lead bullion, 
of which 36,310 tons was shipped to  E ngland 
for refining. The ore reserves a t  th e  end of 
th e  year were estim ated  to  be 19,027,000 tons, 
m ostly  in the  B lack S tar lode.

In teresting  developm ents were reported  in 
J a n u a ry  by  bo th  the  G reat Boulder and 
Boulder Perseverance com panies. A t the 
G reat Boulder a diam ond-drill hole from 
R obertson’s Shaft depressed a t 45° struck  no 
fewer th an  five lodes a t vertical dep ths of 
270 ft., 470 ft., 515 ft., 535 ft., and  550 ft., 
the  last-nam ed poin t being 15 ft. west of 
th e  east boundary . Assay values ranged from 
8 dw t. to  184 dw t. per to n  over w id ths of 
72 in. to  9 in. A t th e  Boulder Perseverance 
th e  1,100-ft. level n o rth  drive h ad  been 
ex tended  63 ft. n o rth  of th e  winze a t the  
beginning of F ebruary , th e  ore a t th e  end of 
th e  drive assaying 36 dw t. over a  w id th  of 
13 ft.

The repo rt of th e  W iluna Gold Corporation, 
L td ., for Decem ber last s ta tes th a t  two 
fu rthe r instalm ents of £25,000 each have 
been repaid  on th e  issue of £300,000 6%  
seven-year notes guaran teed  by  the 
A ustralian  G overnm ent, reducing th e  am ount 
ou tstand ing  to  £225,000. In  view  of the  
sa tisfactory  progress m ade w ith  p lan t 
extensions it is expected  th a t  th e  m onth ly  
tonnage trea ted  will g radually  be increased 
to  40,000.

Shareholders of South K algurli Con­
solidated, L td ., were inform ed last m onth  
th a t while baling w ater on Ja n u a ry  22 the
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ta n k  fell down th e  shaft, dam aging th e  
tim bers below th e  500-ft. level and  causing 
a  suspension of production . I t  was expected  
th a t  repa irs  w ould be com pleted  early  th is  
m on th .

New Zealand.— It was announced  last 
m o n th  th a t  th e  New Z ealand au th o ritie s  
h ad  g ran ted  to  a  g roup of B ritish  and  New 
Z ealand concessionaires th e  rig h t to  dredge 
for gold over nearly  20 m iles of the  M olyneux 
R iver betw een Cromwell an d  A lexandra  
a n d  over app ro x im ate ly  seven an d  a  half 
square m iles of th e  ad jacen t flats for a  period 
of 40 years.

New G uinea.— An announcem ent m ade 
th is  m o n th  by  New G uinea Goldfields repo rts  
th e  d iscovery of tw o new  dredging  areas 
near Bulolo. The first of these covers an  
a lluv ia l flat 8 m iles long by  1,500 ft. wide, 
w hile th e  second is 10 m iles by  3,000 ft. 
The areas are a t  p resen t being drilled.

M alaya.—A t an  ex tra o rd in ary  m eeting  
of th e  P enaw at (M alaya) T in  D redging Co., 
L td ., to  be held  th is  m on th , it w ill be p ro ­
posed th a t  th e  cap ita l of th e  com pany be 
reduced  from  $5,000,000 in $1 shares to  
$2,500,000 in 50 cent shares by  cancelling 
cap ita l to  th e  ex ten t of 50 cen ts per share. 
T he d irecto rs consider th is  m ethod  th e  best 
w ay of coun tering  th e  fall in value of the  
com pany’s assets an d  of placing it  upon  
a d iv idend-paying  basis as soon as possible.

Shareholders of th e  London T in C orpora­
tion  have been inform ed th a t  th e  d irectors 
have decided to  exercise th e  op tion  th ey  
hold over 150,504 shares in  S outhern  K am par 
T in  D redging, L td ., which are held by  Lower 
P erak  T in  D redging, L td ., and  to  offer
150,000 of these to  shareholders in  the  
C orporation a t  21s. per share. B y th is  
m eans the  cap ita lization  of the  Southern 
K am p ar C om pany will be com pleted  and  
it  will be possible to  redeem  th e  £150,000 
of 7%  deben tu res p riv a te ly  placed when 
th e  com pany was form ed.

S iam .— At the  beginning of F eb ru ary  the 
d irectors of K am ra  T in D redging gave 
p articu la rs  of a  schem e by  w hich it  will be 
possible to  redeem  th e  8%  deben tu re  stock 
o u ts tand ing , p rov ided  fu lly-paid  shares are 
accepted  in  paym en t of half th e  holdings. 
If th e  schem e is approved , th e  necessary cash 
is to  be prov ided  by  increasing th e  cap ita l 
to  £270,000 by  th e  creation  of 280,000 new 
5s. shares an d  issuing 114,000 of th e  new 
shares a t  par.

P anam a.— I t has been announced by  the  
P an am a C orporation  (Canada), L td ., th a t  the

M argaja p ro p erty  has been leased to  a 
C anadian  m ining group, w hich hopes to  s ta r t 
crushing in  ab o u t 12 m o n th s ' tim e. As 
to  th e  R em ance m ine, i t  is s ta te d  th a t  this 
has been leased to  an  E nglish  com pany, 
w hich hopes to  resum e m illing  operations 
before th e  end of th e  year.

B oliv ia .— The d irec to rs  of F ro n tin o  Gold 
Mines, L td ., have  announced  th a t  th e  recent 
issue of 36,610 o rd in ary  shares w as over­
subscribed.

Y ugoslavia. —  The rep o rt of T repca 
Mines, L td ., for th e  th re e  m on ths to 
D ecem ber 31 la st s ta te s  th a t  an  agreem ent 
has been concluded w ith  B elasica Mines, 
L td ., for th e  acqu isition  of th a t  com pany’s 
und ertak in g s, th e  purchase  p rice  to  be 
satisfied  b y  th e  issue of 59,667 shares in 
T repca Mines, c red ited  as fu lly  paid . The 
B elasica com pany  owns exclusive pros­
pec ting  r ig h ts  over 358 ' square  m iles of 
co u n try  ad jo in ing  th a t  held  b y  Trepca. 
The m ill a t  T repca tre a te d  136,704 m etric 
tons of ore during  th e  period  u n d er review, 
producing  15,254 to n s of lead  concentra tes 
an d  22,270 to n s of zinc concen tra tes .

C ornw all.— In te re s tin g  developm ents a t 
th e  E a s t Pool m ine have been repo rted  
during  th e  p as t m o n th . A cross-cut north  
from  th e  M oreing lode d rive  a t  1,600 ft. 
encoun tered  ore a t  680 ft. on th e  N o rth  Pool 
se tt, th e  cross-cut passing th ro u g h  4 |  ft. 
of g round  assaying 35 lb. per to n  b lack  tin . 
A fter an o th er 8 ft. of m ineralized  ground 
a  fu rth e r  lode w as encoun tered , of which 
th e  first 4^ f t. w ent 23 lb. per to n  an d  the 
last 2 ft. 80 lb., th e  whole 6£ ft. averaging 
ab o u t 40 lb. per ton . A fter an o th e r  break 
of 24 ft. a  th ird  lode, 3 ft. w ide, w as cut, 
th e  ore averag ing  30 lb. per to n . D riving 
E . and  W . has been s ta r te d  on th e  second 
lode and  5 ft. in  each d irec tio n  h as  been 
com pleted, th e  ore a t th e  face going 85 lb. 
per to n  over a  d rive w id th  of 8 to  9 ft.

A nglo-C ontinental M ines.— T he report 
of A nglo-C ontinental Mines, L td ., for 1932 
shows realized  losses am o u n tin g  to  £19,395, 
w hich have been m et from  reserve, reducing 
th a t  account to  £36,354. The com pany is 
a t p resen t investiga ting  a  block of 28 claims 
in  th e  K akam ega area , K enya, in con­
junction  w ith  th e  F a n ti C onsolidated  In v est­
m en t Co., L td .

Venture T rust.—T he accoun ts of the 
V enture T ru s t, L td ., for 1932 show a profit 
of £28,011, from  w hich a  d iv idend  equal to 
6d. per share free of ta x  is to  be paid , leaving 
£15,700 to  be carried  forw ard.
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TH E CARDOX PROCESS
By A . I G N A T I E F F ,  A .R .S.M ., B.Sc.

T h e  a u th o r  gives a  d e sc rip tio n  of th e  p rin c ip le s, construc tion , a n d  a p p lica tio n  of th is  b la stin g  m e th o d  to  th e  m ining of coal.

The Cardox cartridge involves an  action  
differing in principle from  the  action  of an 
explosive. A descrip tive account of the  
principles, construction , and  application  to  
coal m ining of th is  cartridge should, therefore, 
be of general in te rest to  those who follow the 
progress of m odernization  in the  coal-m ining 
industry .

B roadly , the  action of an  explosive when 
detonated  produces a sudden change of 
a  chem ical com pound from  th e  solid to  the 
gaseous sta te . This change involves bo th  
chem ical and physical reactions and  is 
accom panied by  great tem pera tu re  and 
pressure rises which are suddenly applied  ;

The pressure of th e  discharge of gas is 
m echanically, and  therefore accurately , 
regulated . A lthough all th e  stages of th is 
action  are sw ift, tak in g  ab o u t l /2 0 th  of 
a second in  tim e, th e  u ltim ate  discharge 
of gas has no shock-giving p roperties and 
breaks th e  coal along its  n a tu ra l cleavages 
w ithou t sha tte ring . W ith  explosives, how ­
ever, th e  breaking is effected largely by the 
ham m er-blow  of th e  detonation . The gas 
originally contained  in  th e  cartridge in 
a  g rea tly  increased volum e after- th e  d is­
charge spreads along th e  n a tu ra l cleavages 
in the  coal s tra ta  as a  w ave or gaseous wedge. 
The discharge pressure, accurately  controlled

•  o  ■ s s s a a s s a  q
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F i g . 1 .— S t a n d a r d  C a r d o x  C a r t r i d g e  a n d  C o m p o n e n t  P a r t s .

these are exposed to  the  coal in th e  bore or 
shot-hole and  m ay  be a  source of danger 
in fiery mines. A gain, th e  resu lt of any 
explosive shot is influenced by  factors th a t  
are dependent to  some ex ten t on the  skill 
and experience of th e  person in charge of 
blasting— e.g., the  am ount of explosive 
charged in to  the  shot-hole, the  air-tigh tness 
of the  com plete charge, or th e  ind iv idual 
explosive cartridges, etc. I t  will be readily  
seen, therefore, th a t  th e  breaking  pressure 
of an  explosive charge cannot be definitely 
regulated .

In  th e  case of Cardox th e  action  is purely  
physical, tak ing  place w ith in  an indestructib le 
cylindrical con tainer or cartridge filled w ith 
a  liquefied gas. The gas, in th e  form  of liquid 
and  vapour, is hea ted  w ith in  th e  cartridge 
and  the  pressure is raised  u n til a  steel disc 
a t  one end of the  cartridge is rup tu red .

by th e  streng th  of the  disc, gives im petus 
to  th e  large volum e to  perform  its  heaving 
w ork on th e  coal s tra ta  in expanding  to  
atm ospheric pressure. W ith  a  well-placed 
shot-hole the  gaseous wedge w ill spread un til 
th e  en tire  volum e and  pressure have been 
dissipated  as energy in breaking th e  coal.

P r i n c i p l e s  o f  C o n s t r u c t i o n .  —  The 
Cardox cartridge in  its  basic principle is 
analogous to  the  .action  of a boiler, w ith 
th e  exception of th e  disc— th e  safety-valve 
of th e  cartridge, which releases the 
pressure alm ost in stan taneously  and  no t 
g radually  as in  th e  case of th e  safety-valve 
of a  boiler. The original design of th e  early  
cartridge in  principle is sim ilar to  the  old 
air-bom b, except th a t  the  inner or bore-hole 
end of the  cartridge is fitted  w ith  a rup tu rab le  
disc and  the  cartridge is m ade of indestructib le 
m ateria l. The early  cartridge was placed in



74 T H E  M IN IN G  M AGAZINE

F i g . 2 . — C o m p r e s s o r  f o r  C h a r g i n g  C a r d o x  C a r t r i d g e s — C 0 2 f l a s k s  i n  b a c k g r o u n d .

the  bore-hole and  then  filled w ith com pressed 
air or carbon dioxide u n til sufficient pressure 
was generated  to  ru p tu re  the  disc.

Carbon dioxide has a num ber of physical 
properties which are advantageously  utilized  
in the functioning principle of the  Cardox 
cartridge—

(1) Carbon dioxide is easily liquefiable at 
m oderate pressures and  tem peratu res.

(2) L iquid  carbon dioxide has a low la ten t 
heat.

(3) The critica l tem pera tu re  of carbon 
dioxide is low. O ther gases could be used, 
bu t carbon dioxide lends itself particu larly  
well for th e  purpose for which th is  cartridge 
is designed.

All early  w ork in connexion w ith  the  
developm ent of th e  cartridge was carried  
out in the  U nited  S tates, b u t fu rth e r im prove­
m en ts in design have been m ade here for 
th e  p articu la r conditions and  requirem ents 
in th is  coun try . There have been several 
types of cartridges evolved for various 
charges of liquefied carbon dioxide, the  first 
ty p e  being know n as th e  “ A ” cartridge. 
This m odel m easured 39 in. long and  had  
an  outside d iam eter of 3 ^ f  in. and  a liquefied

carbon dioxide capac ity  of ab o u t 4 lb. The 
d iam eters of th e  cartridges have been 
g radually  reduced, resu lting  in a substan tia l 
reduction  in w eight, to g e th er w ith  a  reduction  
in capac ity  of liquefied C 0 2.

The four types of ca rtridges w hich have 
been su b m itted  to  te s ts  a t  th e  S afety  in 
Mines R esearch S tation , a t B ux ton , and 
au thorized  by  th e  Mines D ep a rtm en t are—

A pprox.
Weight.

3 in. or G80 type, C 0 2 capacity  48 oz.,
31 in. long . . . 40 lb.

2J in. or C74 type, C 0 2 capacity  44 oz.,
40 in. long . . . .  3 2 | lb.

I f  in. or B37 type, C 0 2 capacity  22 oz.,
42 in. long . . . 18 lb.

I f  in. or B20 type, COa capacity  12 oz.,
25 in. long . . . . 11J lb.

The choice of any  ty p e  of ca rtrid g e  for use 
in coal depends, of course, on th e  p articu la r 
characteristics of a given seam  an d  to 
a  sm aller ex ten t on th e  m ethod  of m ining. 
B roadly  speaking, th e  size of cartridge 
required  for a given seam  is p roportional 
to  th e  th ickness of th e  seam , b u t often 
in a  seam  of only m odera te  th ickness, if 
th e  coal is heterogeneous, a  larger-capac ity
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cartridge is preferable to  a  sm aller-capacity  
cartridge, which would be advantageously  
used in a seam  of the  sam e thickness, b u t 
w ith th e  coal of a m ore hom ogeneous na tu re . 
In the  U nited  S ta tes th e  practice is to  use 
the  largest possible capacity  cartridge where 
deep undercu ts are p revalen t, as it is obvious 
th a t th e  larger th e  volum e th e  g rea ter the  
spread of C 0 2 in the  coal s tra ta .

In  th is  coun try  th e  B37 I f  in .-cartridge 
is used alm ost exclusively, as th is  type has 
been found to  give the  best resu lts in the  
seam s of m edium  thicknesses and  the  
prevailing depths of undercut.

The purpose of the  discharge cap is to  
perm it the  release of th e  gaseous C 0 2 from the 
cartridge in to  the  coal. The cap is screwed 
in to  the  cartridge against a  steel disc. W hen 
the deflagration of the  hea ting  elem ent is 
com pleted and  the pressure of the  gasified 
C 0 2 is raised sufficiently to  ru p tu re  the  steel 
disc the  gaseous conten ts issue th rough  axial 
holes in the  discharge cap and  commence 
the ir breaking action on the  coal. Fig. 1 
shows the  com ponent p a rts  of the  lf - in . 
d iam eter B37-type cartridge.

The com position of the  hea ting  elem ent 
as approved by the  B ritish au tho rities is

F i g . 3 . — C h a r g i n g  B e n c h  ; t h e  i n s u l a t i n g  h o u s i n g  o f  t h e  c o o l e r  c a n  b e  s e e n  i n  t h e

BA CK G RO U N D .

The Cardox cartridge consists essentially  
of a tube and th ree  m ain  com ponent p a rts  
known as the  firing cap, discharge cap, and 
heater cage. The ends of th e  tu b e  are 
screwed in ternally  to  receive the  firing cap 
and  discharge cap. W hen th e  cartridge is 
placed in to  position in the  bore-hole the 
firing cap is a t  th e  ou ter end and  the  d is­
charge cap is a t the  inner end or bo tto m  of 
the bore-hole. The hea ter cage is a  sm all 
perfo ra ted  steel con tainer for carry ing the 
heating  elem ent or hea te r w ith in  the  
cartridge.

The function of th e  firing cap is—
(a) to  fill the  cartridge w ith liquid C 0 2 and
(b) to  com plete th e  necessary electric 

circuit betw een the  firing b a tte ry  and  the  
electric fuse of the  heater.

insensitive to  im pact and  friction  and  the  
hea ting  elem ent w ith  a low-tension electric 
fuse is contained in a  K raft-paper tube, 
one end of which carries the  electric contacts 
to  th e  firing cap. The firing cap has two 
transverse holes, which are used for a ttach ing  
the  shot-firing cable to  the  cartridge by 
m eans of tw o tu b u la r inserts fitting  in to  
these holes. These electric contact ports 
or holes are of positive and  negative po larity  
respectively. The centre, or positive, hole 
connects to  th e  hea te r in te rnally  th rough 
a  cen tra l spindle or electrode, while the 
eccentric hole carries the  negative re tu rn  
th rough  the  steel body of the  cartridge.

W hen assem bling th e  cartridge for charging 
w ith  liquid carbon dioxide th e  hea te r is 
placed in to  the  hea te r cage, which is plugged



a t one end and  th read ed  a t  th e  o ther to  
engage in to  th e  in te rn a lly -th read ed  end of 
the  firing cap. W hen th e  h ea te r cage is 
screwed in to  th e  firing cap th e  electrical 
circu it is au tom atica lly  com plete. The firing 
cap and  hea te r cage w hen assem bled is 
screwed in to  one end of th e  cartridge against 
a  sealing shoulder, w hile th e  discharge cap 
is sim ilarly  screwed in to  th e  o th er end  of th e  
cartridge against a  sealing shoulder, on which 
is previously  placed a  gasket an d  a  shear 
disc. The cartridge is th en  read y  for filling 
w ith  liquid  carbon dioxide and  th is  is done 
th rough  th e  side p o rt of th e  firing cap,
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of th e  first charge will gasify  an d  thereby  
cool th e  cartridge an d  i t  is u sua l to  blow  off 
th is  expanded  gas to  lower th e  tem p era tu re  
of th e  ca rtridge, so th a t  a  denser volum e 
of C 0 2 m ay  be a d m itte d  in to  th e  cartridge.

A m ore rap id  an d  uniform  charg ing  opera­
tio n  is ob ta ined  by a  sm all com pressor p lant, 
w orking on th e  princip le of self-refrigeration. 
The C 0 2 from  th e  cylinders or flasks placed in 
an  in v e rted  position  on a  rack  is passed 
th rough  a  calcium  chloride d ry er to  ex trac t 
an y  m oistu re  in  th e  liqu id  an d  th en  in to  the 
system  th ro u g h  th e  “ cooler.”  T his is an 
assem bly of double concentric  pipes and  in

M AGAZIN E

F i g . 4 . — I n s e r t i n g  t h e  C a r d o x  S h e l l  i n  H o l e .

a corresponding socket being provided a t the 
opposite side of th e  firing cap for use in 
clam ping to  th e  charging head  for filling.

The cartridge body and  com ponent p a rts  
are m ade of special steel to  resist w ear and  
corrosion, m aking th e  assem bly robust so 
th a t  replacem ents are no t often  required .

C h a r g i n g  o f  C a r t r i d g e s .  —  The liquid 
carbon dioxide is supplied in  flasks or 
cylinders contain ing 28 or 40 lb. of liquid 
C 0 2 a t  a  pressure of abou t 600 lb. per square 
inch. The cartridges can be easily filled by 
d irectly  connecting them  to  th e  cylinders 
or flasks supplied by  m eans of p iping and 
su itab le charging clam p fitted  on to  th e  
cartridge. A charge of liquid  C 0 2 will flow 
in to  th e  cartridge by  reason of the  difference 
in pressure and  i t  is usual to  a id  th is  flow by 
inverting  th e  cylinders. A large p roportion

a refrigerating  p lan t w ould be te rm ed  an 
evaporato r. E xpansion  of th e  liqu id  C 02 
takes place a t th e  en try  in to  th e  o u te r pipes, 
the reby  cooling th e  h igher p ressure liquid 
(used for filling) which flows in th e  inner 
pipes. The tem p era tu re  is con tro lled  by 
regu la ting  th e  expansion valve. The 
expanded  gas is draw n th ro u g h  th e  5 h.p. 
com pressor, w hich raises its  p ressu re to 
800-900 lb. per sq. inch an d  th e  gas is 
condensed in a  w ater condenser, w here the 
hea t of com pression is rem oved. T hrough 
the  ou ter pipes flows th e  w a te r th a t  cools 
th e  h o t com pressed gas flowing in th e  inner 
pipes and  th e  gas condenses tow ards the 
b o tto m  of th e  condenser an d  flows in to  a 
receiver and  is d raw n off again  th rough  the 
cooler or evapo ra to r for filling. T he pressure 
of th e  liquid  is con tro lled  by  th e  am ount
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F i g . 5 . — P o s i t i o n  o f  t h e  C a r d o x  S h e l l  a f t e r  D i s c h a r g e  : N o t e  t h e  l u m p  c o a l  h e a v e d

o u t w a r d s .

adm itted  to  th e  system  and  the  tem peratu re  
of condenser w ater. I t  is usual to  m ain ta in  
the  pressure of the  high-pressure liquid  for 
filling a t about 67-70 atm ospheres and  its  
tem peratu re  a t  — 5 to  +  .5° F . C artridges 
can be filled in one half to  one m inute. A ny 
of the  expanded gas can be re tu rned  to  the

suction side of th e  com pressor th rough 
a separate connexion from  the  charging 
clamp. The layout is very  flexible and  little  
supervision is required  for th e  running  of 
th is  p lan t. (Fig. 2 shows the  com pressor 
in the  foreground and  the C 0 2 flasks can be 
seen in  th e  background. The condenser

F i g . 6 . — F a c e  S h o t  b y  C a r d o x  i n  a  T h i c k  S e a m .
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is to  th e  left. Fig. 3 shows th e  charging 
bench and  in the  background th e  insu lating  
housing of the  cooler.)

A p p l i c a t i o n  o f  C a r d o x  in  C o a l  M in in g .  
—The g rea test claim  C ardox has over 
explosives in coal m ining is th a t  its  use 
brings abou t an  appreciable increase in lum p 
coal. Cardox can be used anyw here where 
coal has to  be broken by  explosives or 
m echanical m eans and  is applicable to  any  
and all system s of w inning coal. In  recent 
years, w ith the  in troduction  of conveyor 
loading in progressive m ines, a  m eans of 
reducing the  q u a n tity  of slack ob ta ined

from breakage in tran s it by  conveyors has 
been sought for and  th is  has been fulfilled 
by  Cardox. I t  is found th a t  fewer shot-holes 
are required  for b reaking a given face or 
w orking w ith  Cardox th a n  in  th e  case of 
explosives and  these shot-holes can be 
placed in such a  w ay as to  give m axim um  
w ork for th e  cartridge to  perform  w ithou t 
unduly  overloading it. W hen undercu tting  
is carried  ou t a  deep undercu t is often 
advantageous, as th e  gas has m ore area  to  
spread  in to  th e  coal before com m encing its  
wedging ac tion  from  th e  solid coal.

In  h a rd  and  th ick  seams it is often 
necessary in the  case of explosives to  increase 
th e  charge to  its  p erm itted  lim it and  th is  
en tails undue sh a tte rin g  of th e  coal due to  
th e  localized de tonation  of th e  heavy  charge,

w hereas w ith  Cardox th e  shot-holes m ay  be 
placed a t sho rte r d istances a p a r t to  ob ta in  
th e  desired resu lts  w ith o u t an y  sh a tte rin g  
ta k in g  place.

The m ethod  of underg round  hand ling  of 
Cardox is sim ilar to  th a t  of explosives. No 
g rea t skill is requ ired  to  opera te  th is  device, 
as th e  m ethod  of d ischarging th e  cartridge 
is sim ilar to  th a t  of electric shot-firing. 
T here is, how ever, added  sa fe ty  in  the 
absence of a  d e to n a to r  an d  explosive charge. 
The cartridges m ay  be ta k en  underground 
in tu b s  or w agons a llo tte d  for th e  purpose 
to  each d is tric t or section as required .

The shot-holes drilled  for C ardox m ay  be 
by  hand  or power. Some excellent ro tary  
com pressed-air or electric m achines have been 
developed by  w ell-known drill m anufacturers. 
The drill steel usually  consists of th e  auger 
type , w ith  a  special cu ttin g  b it a tta c h e d  to 
the  end of the  drill. The b its  can be con­
ven ien tly  detached  from  tim e to  tim e and 
resharpened. These pow er m achines are 
hand-breast models and  are very  convenient 
for use on longwall faces. S tan d  or platform  
m achines are also used, chiefly in develop­
m ent headings or th ick  seam s. In  th e  hand- 
drilling m achine, which m ay  be e ither of the 
b reast or stand  type , an  o rd inary  tw ist drill 
steel is used.

The m ethod  of connecting  th e  cartridge 
to  the  shot-firing b a tte ry  is by  means of

F i g . 7 .— L o a d i n g  C a r d o x - S h o t  C o a l  i n t o  T u b s  a t  G a t e - E n d  L o a d e r .
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a cable and tw o short lengths of co tton- 
covered, tinned-iron  wire connected to  the 
tw o leads of th e  cable a t one end and  to  the  
tw o tu b u la r  inserts a t  the  o ther for fitting  
in to  the  transverse  holes in the  firing cap 
already  described. W hen ready  for shooting 
the cartridge is placed in the  shot-hole 
in the  usual w ay w ith  the  aid  of a ram m er 
stick  and  stem m ed w ith  o rd inary  sem i-dry 
clay. The cartridge is discharged in the  
o rd inary  w ay w ith  the low-tension single-shot 
approved-type exploder.

The advantages claim ed by  Cardox over 
explosives m ay be sum m arized as follows :—

(1) The pressure of the  discharge of 
a cartridge is m uch lower th a n  the  pressure 
of detonation  of an o rd inary  explosive, 
even black powder. The breaking of the coal 
is effected by a large spreading volum e 
instead  of a localized, ham m er-blow  action. 
The discharge from a  Cardox cartridge has 
no t a  sha tte ring  effect, such as th a t  produced 
during  detonation  of an explosive. The coal 
broken is, therefore, s tru c tu ra lly  stronger 
and in larger lum ps, which resist d isin tegra­
tion from tran sp o rt or w eathering. Com paring 
the  power of Cardox w ith  explosives, i t  is 
found th a t proportionally  m ore coal is broken 
by the  “ blowing ”  action of Cardox th a n  
w ith  a  know n charge of explosive which m ay

give an  equ ivalen tly  g rea ter swing in the 
ballistic pendulum  (the m eans of com paring 
rela tive s treng th s of explosives).

(2) The roof of the  w orking is no t d istu rbed  
by  th e  m ild action of th e  discharge of a 
Cardox cartridge, as th e  expanding  gas 
trave ls  no fa rth e r th a n  th e  defined p arting  
betw een coal and  roof. T his is a great 
advan tage in seams where the  roof is tender, 
as th e  sha tte ring  of the  roof often  entails 
a  w aste of tim e in dressing and  tim bering 
the d istu rbed  p art.

(3) The coal is broken cleanly to  the  back 
of the undercu t and  to  the roof.

(4) The use of Cardox is a  d istinct step  
forw ard in th e  general safe ty  of shot-firing 
operations. In  th e  true  Cardox action  the 
whole of the  hea te r m ust be consum ed to  
raise th e  pressure of the  gas w ith in  the  
cartridge in order to  ru p tu re  the  disc. Carbon 
dioxide does no t support com bustion and  is 
a bad conductor of heat.

(5) There are no noxious fumes from the 
discharge of a cartridge and consequently  
th e  operations in a  w orking need n o t be 
suspended, as in the  case of explosives, w ith 
which it  is often necessary to  w ait for the 
clearance of smoke and  fumes.

A lthough th is  process has no t long been 
established in th is  country , a num ber of

F i g . 8 . — T u b s  o f  C a r d o x - S h o t  C o a l  a t  P i t  B o t t o m .



80 T H E  M IN IN G  M AGAZINE

progressive m ines have ad o p ted  th is  m ethod  
of break ing  coal and  have found th a t ,  ap a r t 
from  th e  added  safe ty , i t  is h ighly rem unera­
tive . Cardox increases th e  p roportion  of lum p 
coal in th e  o u tp u t of th e  m ine and  lum p coal, 
as is well known, is m ark e ted  a t  a h igher price 
th a n  sm all or slack coal. T hus th e  average

selling value of th e  o u tp u t is su b stan tia lly  
raised  and, therefore, th e  net p rofits are 
increased.

The au th o r is indeb ted  to  Cardox 
(G reat B rita in ) L im ited  for perm ission to  
pub lish  th is  article .

LIGHTNING.—IV
By J O H N  F. S H I P L E Y ,  M .l.E.E.

In  th is  th e  la st of a  se rie s  of fo u r artic les, th e  a u th o r  d iscu sses  th e  n a tu re  a n d  ca u ses  o f b re a k d o w n s  o f e lec trica l p lan t
d u e

There is a  g rea t deal of u n ce rta in ty  in the  
m inds of engineers— electrical engineers in ­
cluded— as to  th e  n a tu re  and  cause of 
b reakdow ns on electrical appliances due to  
lightning. D uring th e  last few years scientific 
investigation  has been un rem itting  and  m uch 
in form ation  has been published. All th is  th e  
au th o r has carefully  followed and  he adm its 
th a t  it is bu lky  an d  very  indigestible. H e 
has, therefore, tr ie d  to  e x tra c t th e  tru th , 
checking it against his own experience and  
bringing it  down to  th e  level of m edium  and  
sm all in stallations, which are no t though t 
m uch of across th e  A tlan tic , b u t which exist 
in  num ber elsewhere.

The effect of a  ligh tn ing  flash on a tra n s ­
mission line is to  m ake th e  insu lato rs flash- 
over or punctu re . O ften th e  insu lators are 
s h a t te re d ; th e  au th o r has know n every  
insu la to r of a  m ile of telephone line down 
owing to  th is  cause. This fac t gave some 
m easure of th e  voltage of th e  stroke, for the  
flashover values and  punctu ring  values of 
th e  insu lators are know n and  can be checked.

By providing special m easuring devices 
ak in  to  an  insu lator— such as a  spark  gap of 
definite leng th— and  recording th e  voltage 
across them  by  m eans now available, a  g rea t 
deal can be learn t. F or instance, we now 
know  th a t  d irect strokes on to  a  conductor 
are n o t as ra re  as th e y  were th o u g h t to  be, 
th a t  d irect strokes on to  line tow ers and  
ea rth  wires are fairly  frequent, and  th a t  
w here ea rth  wires are used th e  rises in  voltage 
caused by  such flashes to  tow ers or to  th e  
ea rth  w ith in  a  few m iles of th e  line rarely  
exceed 500,000 volts. A 40-ft. pole line, 
carry ing  th ree  33,000-volt conductors w ithou t 
an  ea rth  wire, m ay  be s tru ck  and  th e  to p  
conductor m ay  be raised  suddenly  (w ithin 
10 m illionths of a  second) to  th e  voltage of 
th a t  p roportion  of th e  ligh tn ing  flash which 
corresponds to  th e  pole heigh t, ab o u t 40 by

lightning.

100,000 vo lts— i.e., four m illion v o lts . T his is 
ab o u t th e  m ax im um  an d  th e  average m ay 
be m uch less, b u t if an  ea r th  w ire be raised 
above th e  conducto rs th e  chance of a  direct 
stroke is largely  e lim inated  a n d  th e  m axim um  
voltages th a t  reach  a  conduc to r are  m uch  less 
an d  th e  averages still lower, so th a t  b y  using 
an  ea rth  w ire th e  m ax im um  vo ltage rise is 
lim ited  to , say , one m illion in s tead  of four 
m illion volts.

W ith  these vo ltages s ta n d a rd  33-k.v. pin 
insu la to rs w ill p ro b ab ly  p u n c tu re  n ea r  the 
s trik ing  po in t, flashing over fa r th e r  aw ay  as 
th e  w ave of vo ltage w eakens in  in te n s ity  and 
fla ttens ou t. N ow  a p u n c tu re d  in su la to r is 
a g rea t nuisance, because it  is difficult to  find 
and  often  requ ires m uch  tim e to  replace, or 
i t  m ay  becom e a  rep ea ted  cause of power 
arcing to  th e  ea rth , or i t  m a y  drop  the 
conductor on th e  m etalw ork  of th e  pole and 
cause a  short circuit. T herefore insu lators 
th a t  pu n c tu re  should no t be used. On the 
o ther h an d  flashovers do v ery  lit tle  dam age 
owing to  th e  brief elem ent of tim e they  
last. Such insu la to rs can be ob ta ined , are 
reasonably  cheap, and  are of th e  v e ry  g rea test 
use.

There is, how ever, th e  equ ip m en t a t  each 
end of th e  line to  consider. W h a t happens 
w hen th e  splash of vo ltage reaches th e  end 
of th e  line ? If one drops a  m arb le in to  a 
narrow  trough  of w ater a  sp lash  or pressure 
w ave is caused, which a t once begins to  trave l 
to  each end. W hen i t  reaches th e  end  the 
w ave reflects back and  th is  reflection goes 
on u n til th e  w ave tires itself ou t. I f  there 
is a  slight w ater w ay a t  one end th e  incom ing 
w ave will proceed or ac t as a  new  source and 
again th e  d istu rbance w ill be p ropaga ted  
onw ard, b u t w ith  reduced  energy.

S im ilar effects ta k e  place in  th e  electrical 
circuit. A transm ission  line th a t  ends in 
a  block (or an  “ open ”  sw itch) will reflect
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a t its  end any  w ave d istu rbance th a t m ay 
reach it, b u t if th e  sw itch be closed and  the  
cu rren t p a th  continuous th e  d istu rbance 
will pass th rough  as a whole ; or if there  be 
some restric tion  (such as resistance) the  
wave will still be propagated  onw ard, bu t 
w ith  reduced energy. To prevent such lig h t­
n ing w aves, d irect or indirect, from  either 
reflecting or passing on, some sort of safety  
valve or absorber m ust be provided, which 
will, w hen called upon to  do so, (a) ac t w ithin 
a  few m illionths of a  second, (6) get rid  of the 
excess voltage, (c) ca rry  a cu rren t up  to
100,000 am peres and  dissipate th e  energy, 
an d  (d) th en  be fully read y  for im m ediate 
action  again— all, of course, w ithou t any  
a tten tio n , tim e a fte r tim e, for m onths on 
end.

A whole host of contrivances has been 
pu t upon the  m arket during  the  last 30 
years, bu t un til ju s t recen tly  no one has 
really  know n w hether they  carried  ou t the ir 
function  or no t. Sparking gaps of all
descriptions, open, p ro tec ted , an d  in a 
vacuum , and  w ith  or w ithou t horns, have 
been tried . These gaps are set to  spark  
over to  ea rth  w hen th e  voltage has risen 
to  dangerous values. They are catalogued 
w ith  and  w ithou t m agnetic blowout, w ith 
resistance in series, and  w ith resistance in 
parallel— in fact, the  whole gam ut has been 
tried.

N atu ra lly  air, insects, birds, and  blobs 
of m etal affected the  gap and  the  tendency  
arose to  elim inate th is  variable by  p u ttin g  
i t  in a  vacuum . Such a  device is of great 
use on telephone circuits and  has p roved  its  
w orth, bu t there are lim its to  its  size. In  
fact, all these gap devices are effective to  
a  certain  degree, bu t they  lack perfection 
by a great deal. M oreover, the  ho t-a ir p a th  
of the  spark  often  allowed the  pow er voltage 
to  pass a  cu rren t and  to  continue to  pass it, 
so th a t dam age was done and  th e  system  
for a tim e rendered inoperative , or the 
equipm ent fuses were blown. Also these 
“ follow-on ”  power cu rren ts cause the ir 
own voltage rises when th ey  are extinguished 
suddenly, which m ay have aw kw ard results, 
and  therefore th e y  m ust be avoided if 
possible.

E lectrical condensers have been used, from 
a  short leng th  of cable to  a  large-sized 
condenser. These are also useful, as they  
do absorb  a certa in  am ount of an  excess 
pressure wave. T hen  use was m ade of the  
w ater je t, w hich was bu ilt up of isolated drops 
norm ally , b u t which coalesced to  form  a  solid
2— 4

colum n of w ater when electrified by excess 
pressure. This w ater colum n connected the 
system  to  ea rth  during th e  discharge and 
then  reverted  to  its  original form . N atu ra lly  
th is  could only be used where w ater and  
skilled a tten tio n  were alw ays available and  
exceedingly cheap—as, for instance, in 
C entral E urope.

G radually , however, engineers began to  
reason th a t  one gap only was no t th e  correct 
solution, b u t th a t  a m ultip lic ity  of gaps was 
m ore desirable. Devices of th is  ty p e  ranged 
from tw o gaps in series to  the  m ultitud inous 
tin y  gaps of the  carbon granule resistance 
invented  by  Brazil. Then the  real safety- 
valve action was sought for, resulting  in the  
invention of the  alum inium  electrolytic 
arrester, in which a series of dishes coated 
w ith  alum inium  hydroxide im m ersed in 
alum inium  bo rate  is provided. This has 
been a  substan tia l step  forw ard, b u t i t  has 
the d isadvantage of requiring  to  be reform ed 
daily. I ts  discharge capacity  is also lim ited. 
L ater it was found th a t  lead peroxide had  
a sim ilar p roperty , w ith the  additional 
advantage th a t  i t  sealed up again as soon as 
the  pressure disappeared. I t  was, therefore, 
a g rea t advance and  arresters em ploying 
it, term ed “ oxide film ”  arresters, are in use 
w ith  substan tia l success all over the  world.

T he la tes t type is m odelled on B razil’s 
original idea th a t  a  m ultip lic ity  of tin y  
gaps should be used and  is the  d irect resu lt 
of scientific search. I t  consists of a  solid 
block of a m ateria l consisting of conducting 
particles of m etallic oxide diffused in a  baked 
clay which is m icroscopically porous. This 
m ateria l is sim ilar to  porcelain in tex tu re  
and  m echanical streng th  and  norm ally has 
alm ost infinite resistance. As soon as the  
electrical pressure across a block of it rises 
above norm al its  resistance decreases in 
a m uch g reater p roportion  th a n  th e  rise of 
voltage. In  fact, every tim e the  voltage is 
doubled th e  cu rren t i t  will pass increases 
over 12 tim es. I t  responds equally  quickly 
to  the  rise of voltage and  it reverts to  its 
original form  im m ediately  the  voltage drops 
and  ceases. I t  does n o t sh a tte r  even w ith 
the  heaviest energy discharges and  appears 
to  be indestructib le . This m a teria l is called 
“ T hy rite  ”  or “ O celit.”  These qualities 
are perm anent and  the  fact th a t  i t  is an 
artificial product and  th a t  its  properties 
can be accurately  controlled ind icate th a t 
here a t last we seem to  have the  ideal safety  
valve or arrester. I t  has been on the  m arket 
tw o years, b u t the  w riter canno t y e t ob ta in
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any  overw helm ing proof of im proved  resu lts 
ob ta ined  over the  p ro tec tion  secured by  o ther 
form s of a rreste r gear. The usual assurances 
come from  th e  m akers, b u t these m u st be 
su b stan tia ted  by  independent experience 
before a  definite opinion can be given.

A p ro tec tion  device m uch in vogue on th e  
C ontinent, called the  P etersen  Coil, is based 
on the  following sim ple principle : W hen
a com m ercial pow er transm ission  system  is 
first energized tw o opposing types of curren t 
— (a) condenser cu rren t and  (b) inductive 
cu rren t— flow in to  it. These tw o curren ts, if 
equal, w ill cancel each o th er out. T hey  
represent the  energy necessary to  form  (a) 
th e  condenser field and  (b) the  m agnetic 
field of th e  whole system .

A nyone who has handled  a  wireless 
condenser and  acciden ta lly  discharged it will 
apprecia te  th a t  an  electric field can exist 
inside it  and  th a t  a  cu rren t can flow out of it. 
The process is som ew hat ak in  to  blowing up 
a  balloon, which is useless u n til i t  is s tre tched  
w ith a  q u an tity  of gas, which is released in 
a  cu rren t when th e  balloon is punctured . 
The m agnetism  of th e  system , including th a t  
of transform ers and  o ther equipm ent, has 
sim ilarly  to  be provided by  a  cu rren t rep re­
senting  energy.

Now, if one conductor of our electric 
transm ission system  (whether ac tua lly  tra n s ­
m ittin g  power or not) is ea rthed  by  a 
punctu red  insu lator, or by o ther m eans, 
th e  voltage of th a t  conductor drops to  zero 
and  th e  voltage of th e  o ther tw o phases 
jum ps to  double norm al. The voltage th u s  
red istribu tes th e  electric or condenser field 
and  th e  cu rren t which flows th rough  th e  fault 
to  “ charge ”  th e  new electric fields of 
the  o ther tw o lines is a charging or “ con­
denser ”  cu rren t. P etersen  arranges th a t  
th is  cu rren t flows th rough  th e  w indings of 
a large choking coil, of such a  size th a t  it 
exactly  neutralizes the  condenser current. 
The P etersen  coil th u s  causes th e  arcing ea rth  
a t the  fau lt to  die ou t in s tan tly  and  w ithou t 
any  dam age to  th e  coil.

A lthough th is  system  has been given 
a thorough  tr ia l in a  region of lightning 
ac tiv ity  reports  are d ivided as to  its  success, 
b u t are in the  m ain  favourable. Extensions 
to  the  system  m ust be ta k en  care of by 
ad justing  or even increasing th e  size of the  
coil, so th a t  th e  condenser cu rren t of th e  
fau lt rem ains balanced by  th e  inductive 
cu rren t required  by  th e  coil.

A nother contrivance adop ted  on th e  
C ontinent is to  short-circuit the  flashover

th rough  an  au to m atic  oil sw itch, w hich is 
caused to  close by  th e  fau lt cu rren t. This 
wipes ou t th e  arc, as it reduces th e  voltage 
across it  to  zero, b u t in itia lly  i t  has to  deal 
w ith  th e  fau lt cu rren t.

A B ritish  m aker has b rough t ou t a  novel 
ty p e  of arrester, w hich is know n as a “ surge 
ab so rb er,” and, as usual, th e  w idest claims 
are m ade for i t  by  th e  m akers, b u t there  is 
still insufficient p rac tica l experience of it to 
w rite w ith  c e rta in ty  th a t  here is another 
solution. W hereas an  arreste r discharges the 
energy of th e  ligh tn ing  flash to  th e  earth, 
th is  new  device is said  to  absorb  it, turning 
it in to  hea t and  w asting  it  in th e  air. It 
consists of a choking coil su rrounded  by  an 
ea rth ed  iron  shield. W hen a  steep  wave 
caused by  ligh tn ing  discharge reaches it 
the  choking coil ac ts  as th e  p rim ary  winding, 
while th e  iron shield ac ts  as a  secondary 
o ne-tu rn  w inding and  th e  h eav y  current 
which occurs in th e  la tte r  is w asted . The 
absorber is s ta te d  to  ac t as a  buffer against 
th e  steep vo ltage w aves, w hile its  condenser 
action  d is trib u tes  th e  electrical stress and 
flattens out th e  effect of th e  w ave. These 
surge absorbers are su b s tan tia l affairs and 
in m any  cases are so heavy  as to  need special 
supports, while n a tu ra lly  th ey  are expensive, 
especially for large p rim ary  cu rren ts.

The w rite r’s experience w ith  th e  surge 
absorber is in  connexion w ith  a case in  which 
th e  absorber is connected  a t  th e  end of 
a 22-k.v. 12 |-m ile  line betw een existing 
electro ly tic a rresters an d  th e  pow er plant. 
I ts  effect so far is to  m ake th e  existing 
arresters opera te  m ore frequen tly , which 
w ould ind icate  reflection ra th e r  th a n  absorp­
tion. I t is im possible to  say m ore u n til a  few 
ligh tn ing  seasons have passed. The author 
feels, however, th a t  a  m odern  transform er 
ought to  em body th e  p roperties of a  surge 
absorber in itself and  as transfo rm ers for 
m any  years p as t have been rig h tly  credited 
w ith  considerable freedom  from  breakdown 
he feels th a t com plete im m un ity  is no t far 
off.

Choking coils are ano ther pallia tive . The 
m akers of the  oxide film and  T h y rite  arresters 
were believers in choking coils u n til recently, 
when recorded te sts  w ith  an  artificial 
ligh tn ing  generator ap p a ren tly  suddenly 
convinced them  th a t  choking coils were 
ineffective and  in some cases aggravative 
and  th ey  advised th e ir  custom ers, equally 
suddenly, to  discard  them  all. The author 
is no t convinced by  these statem ents. 
Choking coils are certa in ly  p a rtia lly  effective,
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as he has seen them  spark  over from  coil to  
coil frequently  during  a storm , bu t he adm its 
th a t some surges get th rough.

W hat a rreste r to  choose and  how m uch 
should be spent on pro tec tion  against 
lightning involve m any  problem s which 
should be correlated . E ach  p ro tection  
problem  which th e  w riter has been called 
upon to  solve has been different and  has 
needed individual a tten tio n . The rela tive 
cost of a breakdow n ; th e  type of service 
given ; th e  presence of o ther clients on the 
system  ; th e  design of p lan t, transm ission 
line, and  insu lators ; the  age of the in sta lla­
tion  ; th e  m eteorological conditions ; the 
character of the  coun try  for m any  miles

w ork and expense were caused, w ith  possible 
large loss of p ro p erty  and  dam age to  
equipm ent.

The first step  taken  was to  insu late  the 
n eu tra l of th e  electrical system . E a rth  
fau lts caused by  p u nctu red  insu la to rs then  
becam e of less im portance—i.e., it becam e 
possible to  operate  th e  system  w ith  faults 
on one line, although  a shutdow n occurred 
w ith the  nex t fau lt on one of the  o ther two 
conductors. T his relieved the  system , bu t 
did  no t p reven t th e  faults, so a  very  careful 
record was kep t of the date , duration , 
position, and character of all breakdowns. 
I t  was thus found th a t  alm ost all th e  b reak­
downs were punctu res and th a t th ey  occurred

F i g . 1 3 .— S e c t i o n  o f  N i g e r i a n  P l a t e a u , t o  S h o w  C o r r e l a t i o n  o f  L i g h t n i n g  S e v e r i t y  w i t h  t h e
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around, and  the  operating  personnel have 
all to  be considered. The m oney available 
or to  be spent is usually  the  toughest problem , 
in spite of the  cost of a  stoppage.

W ith  a  view to  clinching these rem arks 
an actual case will g rea tly  help. The in sta lla­
tion  is in N igeria and  consists of a  power 
house feeding a m ain  substa tion  v ia a single 
line a t 22 k.v. Thence rad ia te  various m ain 
and distribu tion  lines to  the  consum ing 
points. F rom  the  s ta r t it was realized th a t 
the  conditions would be very  severe, as 
lightning was present th roughou t the  rainy  
season of six m onths and  th e  line was on top  
of an  abruptly -edged  p la teau . E x ac t know ­
ledge of the  severity  and  frequency was 
lacking and the  excellent arrangem ents a t 
first available soon proved to  be insufficient. 
For the  first season com plete shutdow ns 
occurred frequently , som etim es tw o or th ree 
tim es a  day, and  were very  costly, as the 
valuable o u tp u t of th e  m ine w as held up, 
involving a  d irect loss, while m uch ex tra

m ost often a t th ree  spots which were 
definitely associated w ith  the  physical con­
to u r  of the  ground. Fig. 13 illustrates th is 
b e tte r th a n  words can describe it. These 
th ree po in ts were chosen for pro tection  
by  m eans of oxide-film arresters and  the 
continuous ea rth  wire was earthed  a t m any 
m ore po in ts th an  w as originally done, and, 
in addition , these ea rth s  were m ain ta ined  
properly  w ith  sa lt and  w ater a t  reasonably 
low resistances. A t the  sam e tim e it was 
decided to  prevent punctu res in th e  fu ture 
by  installing  insulators which would only 
flash over. This was done as soon as possible, 
bu t, in fact, a  year elapsed before it could be 
com pleted. The effect, however, w as im m e­
d ia tely  noticeable and  the  facts showing 
th e  progress have been recorded in Fig. 14.

The resu lts for 1928 to  1932 are so con­
sistent th a t it is felt little  more can be 
accom plished unless m uch m ore m oney is 
spent. Moreover, the  present tim es do not 
allow of th is  being done, nor is the  need so
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great as i t  was w hen in te rru p tio n s were 
costlier.

I t  is in te resting  to  no te  th a t  breakdow ns 
due to  ligh tn ing  have been g radually  sh ifted  
from  th e  line to  th e  term inals. The sm all 
am oun t of tim e lost is due to  th is  fact, as 
fau lts no longer call for a  leng thy  p a tro l 
of th e  transm ission  line.

The cost of p ro tec tin g  an  equipm ent 
against ligh tn ing  is a  very  variab le am ount 
and  canno t be expressed in  general term s, 
bu t the  tab le  given (Table 1) is based on the  
cost of a p ro tec tive  system  for an  in sta lla tion  
provided  in an  in tense ligh tn ing  area. The 
cap ita l of th e  m ining com pany was £420,000 
an d  its  m axim um  gross incom e was £495,000 
a year. E v ery  stoppage th en  rep resen ts 
a  d irect loss in revenue of £56 for every  hour 
the  electrical p lan t supply  was in te rru p ted . 
The ind irect losses, how ever, w ould be very  
m uch higher, p robab ly  m aking  a  to ta l  of n o t 
less th an  £150 per hour.

This in sta lla tion  deals w ith  trop ical ligh t­
ning on, roughly , 100 days per year an d  th e  
annual tim e lost owing to  ligh tn ing  does 
no t exceed tw o hours. If it were possible

T a b l e  1

Value of electrical p lan t only 
Cost of transm ission  lines only .

E x tra  cost of special insu lato rs . 
E x tra  cost of e a rth  wire and  

earth ing  . . . .  
Com plete oxide film arrester 

equipm ent .

T o tal . .

¿50,000
33,000

¿83,000
980

350

1,960

¿86,290

to  do w ith o u t th e  devices m en tioned  above 
th e  m ine w ould p ro b ab ly  n o t be working 
for periods corresponding to  a  to ta l of 25 
days lost per annum , involving a  direct 
loss of revenue of £34,800. Such frequent 
shu tdow ns w ould p ro b ab ly  involve serious 
dam age to  or possibly com plete loss of both 
m ach inery  an d  such w orks as are liable to 
dam age from  flooding. The risk  of being 
unable to  pum p sto rm  w ate r du ring  and 
a fte r a  trop ical ligh tn ing  sto rm  is no light 
one. H ence th e  ind irect loss m igh t be very 
m uch g rea ter. I t  is n a tu ra lly  impossible 
to  p rove these la st s ta tem en ts , b u t the 
figures are  given in good fa ith  as a result



F E B R U A R Y , 1933 85

of long experience. The cost of efficient 
p ro tection  against dam age from  lightning 
should, therefore, be considered as an 
insurance prem ium , and  no t as useless 
expenditure.

The lead peroxide (oxide film or autovalve) 
arrester equipm ent used cost, roughly, ¿2,000. 
If the  newer T h y rite  or Ocelit arresters were 
to  be su b s titu te d  abou t ¿3,000 w ould be 
needed, if surge absorbers were used 
exclusively the  cost w ould work out a t about 
¿7,000, while a P etersen  coil equipm ent 
w ould p robab ly  involve the  expenditure 
of ¿4,000.

The resu lts to  be expected  from  these 
different m ethods of p ro tection  are difficult

to  foresee and  to  assess w ithou t m ore ex­
perience and  an in tim ate  knowledge of the  
m any  aspects involved, as has a lready  been 
po in ted  out. Time will certain ly  show 
im provem ent in the  perform ance and  possibly 
reduction  of price of some of th e  types 
of arresters touched  upon. Meanwhile, the  
au th o r hopes th a t  his rem arks w ill have been 
found useful to  all those who have taken  an 
in te rest in th is  subject. H e w ould w arm ly 
welcome any  news or pho tographs of 
phenom ena perta in ing  to  lightning or 
atm ospheric e lec tricity , accom panied, if 
possible, w ith  m eteorological in form ation 
and  a  description of the  physical contour 
of th e  coun try .

ALLUVIAL SAMPLING
By A .  J. P E T E R S O N

T h e  a u th o r  rev iew s som e of th e  difficulties s tand ing  in th e  w ay of s tan d a rd iza tio n  of alluvia l sam pling  m ethods.

R ecent pronouncem ents on the  sam pling 
of alluvial deposits have tended  to  create a 
feeling th a t  an a tte m p t is being m ade to  say 
the  final w ord on a  subject w hich long 
discussion has proved to  be still experim ental 
and  controversial. There are m any  difficult 
problem s arising during the testing  of such 
deposits which have heretofore either not 
been m entioned or have been has tily  dis­
missed and it is no t surprising, therefore, 
th a t in some cases th e  purpose of the  
exam ination  is lost by  too close a tten tio n  
to  the  mode of procedure. Some engineers 
seem to  be of th e  opinion th a t  m ost of the  
field w ork— such as the  direction of the 
m ain traverse and the  o rien tation  of bore­
hole sym m etry— can be planned beforehand 
in the office, when often an  exam ination  of 
the site w ith m ap in hand  will reveal insuper­
able difficulties in  the  w ay of any  such 
p repared scheme. In  the  following article 
the  au tho r endeavours to  show w hat is the 
m ain purpose of alluvial testing  and  in w hat 
m anner conditions m ay affect procedure, 
his rem arks being illustrated  by  M alayan 
practice.

The purpose of the  exam ination  of any 
deposit is, of course, valuation  and  the  
upperm ost though t during the  consideration 
of, say, a  tin  area su itable for dredging should 
surely be how quickly it  is possible to  deter­
m ine the  m inim um  yardage conjointly  w ith  
value which w ill w arran t th e  installa tion  
of a  dredge and  also th e  continuance of 
sam pling.

The usual practice is to  subdivide the 
m ain  area by  th ree  or four rows of holes, 
th e  results of which quickly decide abandon­
m ent or give encouragem ent for continuance. 
L et us suppose it is th e  la tte r  and  th a t  an 
area has been m arked for system atic  sampling. 
If judgm ent has been used there  is already  
the  fram ew ork of a  predeterm ined  sym m etry  
of the  system , which m ay lead even to  th e  
" 2  by  2 ” chain square, considered by  so 
m any  engineers to  be the  only criterion of 
efficiency. Is no t th is  p rac tica l procedure as 
certain  as and  m uch less costly  th an  a  persis­
te n t extension by  eight-chain  spacing to  
m ain ta in  from the  beginning to  th e  end 
a square sym m etry  ? M oreover, a lthough 
it is no t often  recognized, there are— or soon 
will be to  the  m athem atically  m inded—rows 
and  columns of resu lts offering them selves 
in a  num ber of w ays to  a lte rn a te  averaging 
and  com parison of divergences. W hy, it 
m ay  be asked, choose a  "  definite a re a ,” 
w hich, from a m athem atical appreciation  of 
irregularity , is no guide, when the  whole 
area to  be system atically  sam pled offers 
a  m eans of determ ination  of requisite spacing 
and  sufficiency of holes ? Does it no t follow 
th a t if it is logical to  accept the decision 
of divergence of, say, perhaps 2%  or 3%  
from  a lte rn a te  averaging on com pletion th a t 
the  pleasing inform ation m ay be given th a t 
th e  sam pling has been checked, or in o ther 
words th a t  the  safe ty  factor is a t least 2 ?

The au tho r does no t propose to  a t tem p t 
item ized criticism  of boring p ractice as it
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has been described b y  o thers, b u t he feels 
th a t  m any  exp lanations have been given 
th a t  are con trad ic to ry , m an y  s ta tem en ts  
m ade which need qualify ing, and  th a t  m any  
considerations of im portance have no t been 
m entioned. There has, for exam ple, been 
some discussion of “ fac to ring .” I t  m ay  a t 
once be said th a t  “ fa c to r in g ”  has an  ill 
rep u te  in M alaya, w here th e  use of a  figure 
expressing the  rela tionsh ip  of sam pling resu lt 
to  the estim ation  of ex traction  by  dredging 
has been w idely held to  be a suspicious 
practice. T his a tti tu d e  of th e  ignoran t is, 
perhaps, understandab le, b u t i t  is incom pre­
hensible th a t  m any  engineers should be b lind  
to  th e  tru e  m eaning of th e  relationship , 
for a  factor won from  th e  experience of bo th  
sam pling and  dredge ex traction  is essential. 
To obviate th e  use of an  openly-expressed 
figure m easuring boxes of special dim ensions, 
giving volum e or expansion allowances 
au tom atically , are w idely used. These 
allowances are of th e  order of 133 i%  to  
150%.

Several m ethods of bore-hole sam pling have 
been used in M alaya, each one of which under 
efficient supervision has proved itself capable 
of affording a  surprisingly precise result. The 
results from  the  several m ethods are w idely 
different. An engineer no t knowing dredging 
operation  would be astounded  to  see results 
obtained by  great care of m anipu la tion  and  
com putation  and  expressed often  to  th ree 
places of decimals m ultip lied  by  high factors 
of such la titude . I t  should be rem em bered 
th a t  a t best the  operation  of dredging is 
crude. U ndug ground, spillage from  buckets, 
screen losses, and  jig or tab le  losses are all 
serious. N or can th e  to ta l loss be determ ined 
except afte r a period of several years. The 
only a lte rna tive  is very  intensive sam pling— 
bo th  ahead and, la ter, astern  of th e  dredge— 
the result from  w hich w ould only app ly  to  
th e  very  sm all volum e exam ined. This m ay  
explain the  ra th e r  indefinite factors em ployed, 
for under such circum stances of com parison 
a  very  considerable m argin is necessary. 
I t  does no t, however, explain  th e  fac t th a t 
the  tin -dredging  in d u stry  is alm ost unique 
in requiring  a  factor of m ultip lication  and 
no t of division in estim ating  extraction .

A com parison of the  several m ethods used 
in bore-hole sam pling would be advantageous. 
I t  m ay be accepted  th a t  these agree in com­
plying w ith  the  m a them atical considerations 
involved in com puting  volum e and  average 
value per cubic y a rd  from  th e  previously- 
determ ined volum e value of the holes. I t

is in th is  de term ina tion  th a t  th e  m ethods 
em ployed are very  d ifferent. Samples 
ob ta ined  in boring w ith  a  B an k a  d rill are 
invariab ly  w et an d  m ore or less d isin tegrated . 
The m ateria ls  consist of soil, clay, sand, and 
gravel (and perhaps tin  oxide), som etim es 
alone, bu t very  frequen tly  so m ixed  th a t 
th e  previous re la tionsh ip  in s itu  seems 
indeterm inable . T he physical characters 
of these m ateria ls  are very  different and 
each requires special consideration .

Some years ago th e  p roportion ing  of 
aggregate for th e  purpose of m ak ing  concrete 
w as determ ined  alm ost en tire ly  in reference 
to  vo id  filling. V ery m an y  determ inations 
of voids in sand  an d  gravel unm ixed  and 
m ixed artific ially  an d  from  banks have been 
published. A lthough these figures na tu ra lly  
refer m ostly  to  loose and  dry -packed  m aterial, 
there  are a  num ber of de term ina tions of void 
percentages a fte r w et packing  to  be com pared. 
F rom  these it w ould seem th a t  w et-packed 
gravel from  a  bank  contains on an  average 
abou t 40%  voids. T h is figure w as tested  
m any  tim es by  th e  w rite r in  M alaya in 
determ in ing  vo id  percentage in  w ash and 
resu lts show ed a  close ag reem ent. Sand 
also, of an  irregular size an d  w et packed, 
gives app rox im ate ly  th e  sam e percentage. 
Sand of a uniform  size contains, of course, 
a lower percentage. Clays also have voids. 
In  the  n a tu ra l s ta te  of consolidation  th e  void 
percentage is, roughly , 35%  to  40% . When 
w etted  th e re  is considerable swelling owing 
to  the  increase in size of th e  w ate r films 
separating  particles. W hen pudd led  and 
se ttled  th e  void percentage increases to 
60%  to  80% . T his rep resen ts an  increase in 
volum e of a t  least 50% .

The form ation of an  alluv ia l deposit is well 
understood. A bed of gravel is form ed by  the 
accum ulation  of pebbles and  rock fragments 
which have been rolled forw ard  by  m oving’ 
w ater. S ettlem ent is due to  obstacles— 
o ther pebbles— blocking advance ra th e r  than 
to  a  selective choice of p e rm an en t seats 
and  to  the  lowering of velocity  of th e  water 
carrier. Sand m ore or less concurrently  
settles w ith  th e  gravel. I t  likew ise is carried 
along bv  m oving w ater and  a  change of water 
velocity  will, perhaps, be sufficient to  cause 
it to  sink to  near th e  bo ttom , w here velocity 
is still less, and  it se ttles in to  crevices or 
in terspaces in th e  gravel. L ater, when 
conditions have m uch changed, th e  area 
m ay, perhaps, be a  backw ate r and 
alm ost qu iescent— a slow deposition  of clav 
occurs, g radually  filling th e  voids of the
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previous deposit. T his filling m ay  continue 
slowly long afte r the  deposition of the  clay 
has ceased. R are ly  does th e  filling persist 
to  the  b o tto m  of th e  gravel. A lm ost 
invariab ly  in boring an inrush of w ater 
occurs soon afte r pene tra tion  of wash. I t  
is obvious th a t  voids can never be m ore th an  
filled and  consequently  gravel, or sand  if 
gravel be absen t, determ ines th e  volume. 
Com pactness of ground in a ra th e r  in d e ter­
m inable w ay increases w ith  dep th  and  
pressure which, a t least for th e  dep ths under 
consideration, is insufficient to  cause crushing 
and  fractu re  of particles.

From  the  foregoing considerations it m ay 
be expected th a t no t one particu la r m anner 
of m easuring volum e will sa tisfactorily  m eet 
all the conditions of sam pling, y e t th is  is 
a ttem p ted— such as by  pipe-volum e m easure­
m ent, box m easurem ent, w ater-d isplacem ent 
m easurem ent, d ry  weighing, w et weighing, 
etc. The pipe-volum e m easurem ent would 
seem the  sim plest, b u t in B anka-drill 
practice it has only been p artly  successful. 
In te rm itten t operation and  irregularity  (in 
gravel the  pum p m ust be forced ahead of the 
casing) ' render th e  volum es won m ost 
inconstant in relation to  dep th  bored. Only 
for clay or a clay m ix tu re (sand and  gravel 
percentage low) can any  reliable relationship 
be established. The w ater-displacem ent 
m easurem ent of sand and  gravel determ ines 
the  volumes of solids, leaving th e  voids 
unm easured. The error m ay be as high as 
40% . Clay drained overnight has swollen, 
perhaps, 20% or 30% before m easurem ent 
next m orning.

Box m easurem ent provides nearly  an 
exact m easurem ent (there is, perhaps, even 
more slippage of pebbles th a n  in  th e  original 
settlem ent) of clear sand and  gravel and  also 
of a sand-gravel-clay m ix tu re  a fte r washing, 
provided the  clay is infilling only and  no t all 
or p a rt extraneous— th a t is, from above or 
below the layer of wash. D ry  weighing and 
w et weighing are no t used a g rea t deal 
and very little  inform ation is available.

In  m ore th an  one w ay each appears unsa tis­
factory. However, it is a saving feature th a t 
tin  oxide is generally deposited along w ith  the 
sand and  gravel and no t w ith the  clay. W ith  
th is  apprecia tion  it  seem s wise to  accept the 
m easuring box as the best m eans of m easuring 
sand and  gravel volum es and  th is  can be 
ex tended  to  include m easurem ent of sand- 
gravel-clay m ix tu re , w hen it  is evident th a t 
the  clay represents void filling. A lthough in 
good boring practice sam ples are broken

im m ediately  change in the  character of 
m ateria l is recognized, sam ples frequently  
contain  ex traneous clay from  above or below, 
or if a  th in  bed of w ash from  bo th  above 
and  below. In  deciding th e  upper and  lower 
lim its of a bed of wash an  em pirical sand 
percentage based on voids and  clay con­
sistency is som etim es indicative or useful, or, 
be tte r, a close exam ination  of successive tin  
weighings and  sand percentages m ade la te r 
and  com parison w ith those of neighbouring 
holes will help in deciding lines of dem arca­
tion. The lower lim it is particu la rly  im por­
ta n t. Sand and  gravel and, of course, tin  
oxide are frequently  carried down several feet 
by  th e  jum p before com plete acceptance. 
Though the  depths m ay be fixed the  sand  and 
gravel volum es to  be a ttach ed  are no t qu ite  
tru ly  represen tative. H owever, th e  error 
in troduced  is certain ly  very  m uch less th an  
in a determ ination  depending on box 
m easurem ent of clay.

In  speaking of m easurem ents the  au tho r 
recalls th a t  th ree  or four years ago m any  of 
the  considerations th a t  have been outlined 
here were discussed w ith  Mr. L. T . W illan in 
M alaya. Mr. W illan had  a t th a t  tim e m ade 
considerable advance in pipe volum e m easure­
m ent and  from  his collection of d a ta— box 
m easurem ents, g ranu lar analyses, clay 
densities, e tc.— had been able to  derive 
form ulae, which he was using in determ ining 
volum e values rela tive to  the  ac tua l occur­
rence of m ateria ls as considered in situ.

If th is  review succeeds in showing some of 
th e  m any com plex problem s arising in 
alluvial valuation  w ork th e  au tho r will 
feel th a t it has served a good purpose. 
The valuation  of an  alluvial area is generally 
a m uch m ore difficult undertak ing  th a n  the 
valuation  of a lode mine. In  the  la tte r  th e  
ac tu a l relationship  of m aterials can always 
be seen and definite and  accurate  m easure­
m ents can be taken . In  addition  there 
are shafts and winzes, levels and  cross-cuts 
open for inspection and  sam pling. I t  should 
be realized th a t to  report on either requires 
special qualities and  special knowledge. The 
au tho r finds it d istu rb ing  th a t the  In stitu tio n  
of Mining and  M etallurgy proposes, in the  
form  of recom m endations, th a t  reports  of 
valuation  of alluvial areas should be presented  
in a specified m anner as ind icating  a prescribed 
procedure. P reservation  of the  s ta tu s  of the 
alluvial m em bers of the  profession and  the  
possible great harm  to  th e  investing public is 
pleaded as justification  for th is  action. I t  is 
felt th a t  neither m echanical m ethods nor
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m echanical observance in p resen ta tion , w hich 
th e  least efficient m ay  perform  w ith  the  
appearance of th e  h ighly skilled, can enhance 
and  m a in ta in  prestige and  it  should be 
realized th a t fundam ental scientific principles 
m ay  be grossly ou traged  even in com plying 
w ith  such a  scheme. A m uch-quo ted  saying

has been handed  down : “  S ty le is th e  m an 
him self.”  May it  no t be said  w ith  th e  same 
t r u th  and  w ith  even m ore force th a t  the 
rep o rt is th e  m an him self, h is ab ility , his 
knowledge, and  his honour. I t  is to  be hoped 
th a t  th e  proposal will receive fu rth e r  con­
sideration .

The I.M.M. B enevolent Fund
The following fu rth e r  subscrip tions to  

th e  B enevolent F u n d  of th e  In s titu tio n  have 
been received during  th e  p as t m o n th  :—

N undydroog Mines, L td .
£
10

s.
10

d.
0

A. J. B ensusan 5 5 0
J. D. Hasleden 5 5 0
C. M. P. W righ t . 5 5 0
J. G. Lawn 5 0 0
H. G. Scott 5 0 0
C. R. P inder 4 4 0
T. Pryor 3 3 0
G. Rigg 3 3 0
G. W. E. T urner . 3 3 0
V. L. Aspland 2 2 0
Sir H arold Carpenter 2 2 0
A. F. Dick-Cleland 2 2 0
L. E. D jingheuzian 2 2 0
F. W. H arbord 2 2 0
R. K ateley  . 2 2 0
F . H . L ath b u ry  . 2 2 0
S. H. Steels 2 2 0
E. E. W atson 2 2 0
J. M. Bell . 2 0 0
R. E. Com mans . 2 0 0
K. E. Bensusan . 1 1 0
P. C. C. Cayley . 1 1 0
F. G. Cornish 1 1 0
A. W. H. Dean 1 1 0
A. J. D ishm an 1 1 0
R. H . Goodwin 1 1 0
N. G. H ackney 1 1 0
R. M. H arland 1 1 0
C. H . Jones. 1 1 0
B. G. Luff . 1 1 0
T. G. Madgwick . 1 1 0
J. V. Moore 1 1 0
R. J. Morgan 1 1 0
A. R. Phillips 1 1 0
J. R oberts . 1 1 0
H . L. Sargent 1 1 0
H . K. Scott 1 1 0
H . Simon 1 1 0
N. L. Sm ith 1 1 0
W. G. W agner . 1 1 0
W. T. H . W hite . 1 1 0
L. M. W in n . 1 1 0
H. C. W oolm er . 1 1 0
W. J. C. Scru tton 1 0 0
J. H . E llis .
C. Pengilly .
C. B rackenbury  
Previously acknowledged . 1,275

17
17
10
10

0
0
6
9

Total • ¿1,375 14 3

LETTER T O  T H E  EDITOR
“ Gold M ining in  R ussia ”

S i r , — Since you have sum m arized  in your 
issue of O ctober la s t an article  b y  Mr. L. 
Schlounde, published  in th e  F ar Eastern 
Review  for Ju ly , allow m e to  s ta te  th e re  are a 
nu m ber of inaccuracies there in . As th e  result 
of a  som ew hat len g th y  experience in Russia 
I have no h es ita tion  in saying th e  article 
w as full of geological, geographical, and 
s ta tis tica l m issta tem en ts , th e  enum eration  
of w hich w ould occupy m uch  g rea te r space 
th a n  you w ould be willing to  accord me.

G .  T. E v e .

L ondon, E .C .
Ja n u a ry  11.

BOOK REVIEWS
Man and M etals : A H is to ry  of M ining in 

R e la tion  to  th e  D evelopm ent of Civiliza­
tion . 2 vols. B y D r. T . A . R i c k a r d .  
Cloth, octavo, 1,068 pages, illu stra ted . 
Price 50s. New Y ork  : M cGraw Hill 
P ublishing Co.

The sub-title  of these tw o volum es is 
“ A H isto ry  of M ining in  R e la tio n  to  the 
D evelopm ent of C ivilization.”  In  his preface 
th e  au th o r tells us th a t  th e  w riting  of this 
book w as p rom pted  by  th e  read ing  of the 
“ O utline of H is to ry .”  H e an d  Mr. H . G. 
W ells were fellow s tu d e n ts  under Thom as 
H enry  H uxley  some 47 years ago. H e con­
sidered th a t  Mr. W ells failed in th e  above 
book to  pay  proper regard  to  th e  p a r t which 
m ining had  p layed  in th e  developm ent 
of civilization. H e has now repaired  the 
omission. The m ethod  ad o p ted  by  him  has 
been to  present a  s tu d y  of th e  origin and 
developm ent of m ining and  m e ta llu rgy  as 
far as th ey  can be ascerta ined  in  a series of 
chap te rs each of w hich has been su b m itted  to
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tw o or m ore of h is friends for the ir “ critical 
read ing .”  A list of references to  au thorities 
is given a t th e  end of each chap ter. The book 
is ded icated  to  “ th e  L ib rarians whose k ind ­
ness and  courtesy  th e  au th o r desires to  
acknowledge g ra te fu lly .”

In  his In tro d u c to ry  chap te r the  au tho r 
traces th e  origin and  developm ent of the  
words Mining, M etal, and  Civilization. I t  
appears th a t  our w ord m ine comes from 
“ m ineor,”  an  old F rench  verb  th a t  in  th e  
earliest instance m ean t to  excavate . I t  
contained the  idea of sapping and  of m ilita ry  
engineering. H e surm ises th a t  the  F rench  
w ord probably  cam e from  th e  m edieval 
L atin  " m in a ,”  w hich, however, ap p a ren tly  
did  no t signify an  excavation  from  which 
m ineral substances were draw n ; th e  w ord 
was no t used in an  industria l sense. I t  m eans 
a point, som ething which projects, and  th e re ­
fore th rea tens . F rom  th is  th e  w ord m inae, 
a th re a t, is derived, and  la te r in  m edieval 
L atin  “ m inari ”  occurs, m eaning to  drive 
by  th rea ts , to  th rea ten , a  m eaning w hich 
survives in  our English w ord “ m in a to ry .” 
In  th is  w ay “ m i n e ”  came to  m ean  an  
excavation  m ade in w arfare and  had  a 
m ilita ry  significance long before it  acquired  
an industria l m eaning. This earlier m eaning 
also survives in  “ m ines,” used in  naval 
w arfare. I t  appears th a t  the R om ans did 
no t use “ m ina ”  to  designate an  under­
ground passage. Their w ord for th is  was 
cuniculus, the  prim ary  m eaning of which was 
rab b it, because the ir underm ining operations 
suggested a  rab b it w arren. In  th e  m odern 
industria l sense m ining is “ The act, which 
if done skilfully is an  a r t, of rem oving rock, 
hard  or soft, loose or com pact, from  its  
place in the  crust of th e  e a r th .” I t  consists 
in the explo ita tion  of ore deposits, the  w ord 
ore m eaning rock or m ineral which can be 
exploited to  economic advantage.

The w ord “ M etal ”  comes to  us from  the  
L atin  m etallum , which, however, connoted 
no t only m etal bu t m ine, m ining operations, 
m ineral, and ore. The L atin  w ord was 
derived from th e  Greek m etallon, which it 
appears was also com prehensive ra th e r  th an  
specific in its  m eaning. “ A t one tim e 
m etallon w as supposed to  m ean ore in the 
sense of a  com plex substance, derived from 
m eta  w ith , and  alios ano ther ; th e  m ore 
acceptable derivation , however, is from  the  
verb m etallan , to  seek after, w hich suggests 
p rospecting .”  “ C ivilization ”  is m ore 
difficult to  define th a n  m ining because its  
m eaning rests  largely on preconceptions th a t

are subjective. The w ord signifies th e  s ta te  
or condition of the  civis or citizen, which 
connotes, therefore, an  organized com m unity  
w hich itself represen ts a  com paratively  
advanced  stage of hum an progress. T his 
w ord is only tw o centuries old. I t  cannot 
be regarded  objectively. To us it is “ a  s ta te  
of living th a t  su its our ta s te , and  ta s te  is 
an  apprecia tion  of w hat is fittin g .”

T he n ex t chap te r is en titled  “ The Ages 
w ithou t M etal.”  If th e  view be accepted  th a t 
th e  earliest rep resen tatives of m ankind  lived 
a t least 500,000 years ago, th a t hom o sapiens 
is believed to  have entered  E urope 30,000 
years ago, and  th a t  th e  age of m etals began 
in  E urope abou t 5,000 years ago it  would 
follow th a t  it represen ts only 1%  of hum an 
existence. A ccordingly th e  au th o r has 
r ig h tly  devoted  a  long chap te r to  th e  p re ­
m etal age. As is generally agreed, civilization 
d id  n o t begin u n til m etals becam e the  
m ateria ls  of tools, im plem ents, and  m achines. 
B y th e ir  aid  m an em erged from  savagery. 
T he au th o r m entions th a t  w hen C aptain  
Jam es Cook first v isited  th e  Islands of the  
Pacific he found th e  natives using only stone, 
bones, coral, shell, and  wood. T heir chisels 
were form ed from  th e  upper bone of the  
hum an arm , b u t th ey  apprecia ted  th e  value 
of iron, having obta ined  a  little  of it from  
driftw ood and  from previous voyagers. He 
purchased several pigs for a  sixpenny nail 
w hile on th e  coast of New Zealand in  1778. 
T hen follows a  chap ter on “ The early  use 
of the  M etals,” which is based on th e  paper 
p resen ted  by  th e  au th o r to  th e  In s titu te  of 
M etals in  1930. H e takes up  a  very  sound 
position  w hen he argues th a t  the  develop­
m ent of m etal culture in any  given region w as 
a t  first dependent on th e  m ineral resources 
of th a t  region, although  th e  developm ent 
m igh t be m odified la ter, when, by  m eans of 
trade , the  indigenous p roducts were barte red  
for those ob ta ined  from  foreign lands. 
As he fu rth e r argues—

The idea of a world-wide succession of definite 
ages is due, no t only to  the  early  concentration  of 
archseologic study  on th e  E astern  M editerranean, 
b u t also to  a failure to  ascertain  by  chem ical 
analysis th e  com position of th e  m etallic relics th a t  
constitu te  th e  evidence for any  accurate  knowledge 
of th e  prehistoric  use of m etals. The failure to  
te s t  th e  oldest pieces of iron for th e  purpose of 
determ ining w hether th ey  are m eteoric or no t has 
com pletely befogged the  study  of iron in an tiqu ity . 
E ven th e  accounts recently  given in books are open 
to  th is  criticism . Celestial iron can be distinguished 
from m an-m ade iron by its nickel content, which 
averages ab ou t 8% . . . . A nother cause of confusion 
arises from the h asty  assum ption th a t  every green- 
stained piece of old m etal m ust be bronze. M any of
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th e  key an tiqu ities of E gyp t and  H issarlik  th a t 
were p rom ptly  labelled bronze when discovered 
are  known now to  consist of copper. Fu rther, 
every th ing  composed of copper is assum ed to  be 
m ade of sm elted copper, a lthough th e  evidence of 
th e  use of copper by  p rim itive  m an ought to  w arn  
th e  prehistorian  th a t the  oldest copper is likely to  
be n a tive  m etal.

D r. R ickard ’s general conclusion is as 
follows—

The industria l history  of m ankind  m ay  be divided 
in to  tw o m ajor epochs, a Stone age and  a M etal 
age. . . . Between the  tw o m ain  epochs comes 
a tran s itio n al period or tw ilight zone, during which 
th e  m etals, as found in  th e ir  n a tive  s ta te , were 
used as stone. This in term ediate  era, which m ay 
well be term ed  “ chalcolith ic ,” lasted  probab ly  for 
tw o or th ree  m illennium s ; and then  cam e th e  
m elting of copper, the  use of which as m elted m eta l 
m ay have lasted for ano ther m illennium , before 
e ither copper or any  o ther m etal was reduced from 
its  ores. Bronze is to  copper w hat steel is to  i ro n ; 
th ey  represent sequent phases of m etal culture. 
The critical event, one of th e  m ost po rten tous in 
the  h isto ry  of m an, was the  first sm elting of m etal 
ou t of stone. T h a t in  th e  ligh t of evidence now 
available appears to  have happened in  4000 to  
3000 b .c .

C hapters th en  follow on “ The Gold and  
Copper Mines of A ncient E g y p t,”  “ The 
Phoenician M etal M erchants,”  “ The Cas- 
siterides or T in Islands ,” “ The A thenians 
and  th e ir  Silver M ines,” “ The Mines of 
the  R om ans in  Spain and  I ta ly ,” and  “ The 
Lead Mines of the  R om ans in  B rita in .” 
These com prise th e  first volum e.

The second volum e opens w ith  chap te rs  on 
“ M ining in  M edieval Tim es ”  an d  “ The Law  
of Mines and  th e  F reedom  of the  M iner.” 
T hey  are succeeded by  one on “ The 
C onquistadores,” from  which th e  review er 
ex trac ts  the  following—

The lurid descriptions of th e ir deeds sent home by 
th e  Spanish adven turers and th e  absurd  exaggera­
tions of the  countries they  despoiled have created  
a glam our in  which th e  tru th  has been obscured. 
A h isto rian  speaks of Peru  as one of th e  m ost 
extensive em pires on the  face of th e  earth . To ta lk  
of Mexico and  Peru as great Em pires is nonsense. 
Spanish w riters applied the  grand term inology 
of feudalism  to  the  coarse barbarism  of the  Am erican 
aborigines. Cortez and Pizarro posed as conquerors 
of m ightv  and civilized nations, though, as a m a tte r  
of fact, th e ir  opponents M ontezum a and A tahualpa 
were the  chiefs of native  tribes living in m ud 
hovels ; they  were so far from being civilized th a t 
th ey  were in a rud im entary  sta te  of hum an culture 
in which cannibalism  survived.

T he nex t chap ter, en titled  “ The L ater 
A rgonau ts,”  is based on a  paper com ­
m unicated  to  th e  In s titu tio n  of Mining and 
M etallurgy in 1926 and  describes the 
discoveries and  explo ita tion  of th e  w estern 
goldfields of th e  U n ited  S ta tes and  of 
A ustralia . I t  is fitting  th a t  th e  m ining of

fuel and, in  p articu la r, of coal should  be 
included in the  a u th o r’s survey, since the 
digging of coal co n stitu tes  one of th e  p rincipal 
phases of m ining, an d  th is  fuel is a  prim e 
requ isite  in m etallu rgy .

The succeeding ch ap te r is en title d  “ The 
Use of Iron  ” and  opens w ith  th e  following 
sen tence—

T he m ost po rten tous even t in  th e  developm ent of 
hum an  in d u stry  was th e  d iscovery of iron, i.e. 
th e  purposeful production  of th e  m eta l from  its  ore. 
The use of th e  o th er com m on m etals— copper, lead, 
and  t in — was re stric ted  by  th e  re la tive  scarcity  of 
the  ore deposits from  which th ey  were obtainable, 
w hereas supplies of iron have a lw ays been abundan t 
in m any  p a rts  of th e  world. N ext to  alum inium , iron 
is the  m ost plentifu l of th e  m etals in  th e  c rust of the 
earth , th e  average co n ten t being 4£%  ; b u t to  be of 
econom ic value as an  ore iron m ust be in a six-fold 
s ta te  of concentration . The use of th is  m eta l is the 
prim e factor in  our civilization.

The a u th o r’s general conclusion from  the 
evidence available, w hich he discusses w ith 
shrew dness and  acum en, is th a t  th e  original 
hom e of m etallu rgy  in  th e  anc ien t w orld  was 
n e ith er th e  valley  of th e  Nile no r th a t  of 
th e  E u p h ra te s , for n e ith e r of these was 
a m ining region. H e says—

The original hom e of m etallu rgy  in  th e  ancient 
world appears to  have been th e  m ountainous 
coun try  betw een th e  C aspian Sea and  th e  Black 
Sea. The m yths re ta iled  by  th e  Greeks p o in t th a t 
w ay ; so does th e  H ebrew  trad itio n  as exemplified 
by  th e  ta le  of T ubal th e  Sm ith. The D actyls, the 
Chalybes, th e  Phrygians, th e  Am orites, an d  the 
H ittite s  are links in the  sto ry  of preh isto ric  m etal 
culture. The first m eta l founders were m en of the 
m ountains ; th e  A ssyrians drew  th e ir  m etals from 
th e  Caucasus ; th e  H ittite s  b rough t iron into 
Syria ; A rm enia and  Cappadocia were th e  cradles 
of th e  m etallurgic a r t  ; th e  Ph ilistines b rough t it 
in to  Palestine ; and  it is there  in  th e  B iblical land 
th a t the  oldest m an-m ade iron has been discovered 
recently  by  th a t  honoured v e te ran  Sir F linders 
Petrie . In  a m ine a t  Gerar, ab ou t 9 miles from  Gaza, 
in 1927 he found iron-sm elting furnaces together 
w ith ag ricu ltu ra l im plem ents, all of which h ad  been 
m ade on th is  spot. These have  been d a ted  by  the 
m eans of contem poraneous scarabs and  am ulets 
of E gyp tian  origin. . . . The m ost significant 
evidence is th a t  of a real beginning of th e  sm elting 
of iron for th e  fab rication  of useful too ls such as 
hoes, sickles, and p lough-points in  1200 b . c . The 
first production of iron appears to  be linked with 
the  A natolian era and  th e  use of it in d u stria lly  is 
connected w ith  th e  extension of th e  H ittite  power 
in to  th e  Syrian lowlands a fte r  1400 b  c .

T he rem aining chap te rs  are en title d  “ Iron 
in H um an  In d u s try ,”  “ The M iner in South 
A frica,” an d  “ The R om ance of M odern 
M ining,” an d  th e  book closes w ith  a short 
Epilogue, a t th e  conclusion of w hich, as also 
in certa in  o ther p a r ts  of these volum es, the  
au th o r gives rein  to  his facu lty  of hum an
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insigh t and  scientific im agination . His 
final sum m ary  is as follows—

In  the  g reat work of opening th e  da rk  places of 
the  earth  and of in troducing civilization am ong the 
b lack peoples, the  m iner has been a prim e agent. 
W hen he opens th e  door, he leaves th e  latch-string  
loose ; he is hospitable ; he is co-opeiative. T h at 
is why his pioneering has helped m ankind forthw ith. 
I h e  others th a t  w ent ahead covered th e ir tracks, 
th ey  did no t blaze th e ir tra il, they  were secret 
in  their coming and going, because th ey  wished to  
be let alone. Such were the  Phoenician trad ers and 
the  Spanish freebooters. The A rab slave-dealers 
th a t  penetrated  Africa desired no interference w ith 
th e ir nefarious commerce ; th e  English hunters 
th a t  sought the  ivory tu sks of th e  elephant cared 
for no trespass on th e ir preserves ; even the  Scottish 
m issionaries wrere jealous of each o ther and of the 
trad e r th a t  weakened th e ir  hold on th e  ignorant 
native. So Africa rem ained th e  dark  continent 
u n til the  m iner's p ick  broke th rough  th e  wall of 
m ystery. Likewise on the  American continent, the 
French voyageurs th a t  pushed th e ir way along the 
rivers preferred to  p lay  a  lone hand , in  th e ir  own 
way ; the  B ritish fur-traders of th e  N orth-w est 
obstructed  developm ent ; th e  agents of the  
H udson’s B ay Com pany w anted  to  re ta in  th e ir 
exclusive dealings w ith  the  Indians ; all of these 
kept the prospector ou t of th e ir dom ain as long as 
th ey  could ; th ey  ignored th e  m ineral w ealth  of the  
country, being aware th a t  any  public knowledge of 
i t  would spoil their monopoly of the  p e ltry  business. 
T heir tra ils  followed th e  lakes and rivers, avoiding 
th e  ridges and ranges where ore was more likely to  
be found. They walked over gold m ines unw ittingly. 
The v ast expanse of northern  Ontario, now one 
of the  chief gold-producing regions of th e  world, 
rem ained a dreary solitude and an  unproductive 
wilderness un til the m iner's ham m er rang a reveille. 
The prairies between the  Mississippi and  th e  R ocky 
M ountains, th e  sagebrush p lains and  th e  alkaline 
deserts beyond them , were traversed  by hunters 
and  traders, by soldiers and artisans, even to  the 
shores of the  Pacific, b u t theirs was an  em pty  
conquest and  a vain annexation  un til the  m iner 
spoke th e  word th a t unloosed the  springs of hum an 
industry. H e was no t only the  pioneer, b u t he left 
m arks to  show the  way, he blazed th e  tra il for 
civilization. He has done it  w ith  geological 
exuberance and  equatoria l am plitude ; from  “ the  
stark  and sullen solitudes th a t  sentinel the  Pole ” 
to  the " steam ing stillness of th e  orchid-scented 
glade ” in th e  tropics he has left his m ark, as the  
herald of empire and the  pioneer of industry . Trade 
follows the  flag, b u t th e  flag follows th e  pick.

I t  has been im possible w ith in  th e  lim its 
of a single review to  give an y th ing  like an 
adequate  idea of th e  scope an d  m agn itude 
of Dr. R ick a rd ’s w ork and  it  has seemed best 
to  the  review er to  draw  a tte n tio n  to  certa in  
of its  sa lien t features m ain ly  by  w ay  of 
quoting  ex tra c ts  so th a t  th e  ap p e tite  of 
p o ten tia l readers m ight be the reby  w hetted . 
This is a  book th a t  everybody ought to  read  
who is in te rested  in m an 's  developm ent 
from  savagery  th rough  barbarism  to  civ iliza­
tion . The review er has read  it  w ith  g rea t 
in te rest and  profit to  him self and  now feels

th a t  for the  first tim e he possesses some idea 
of th e  im p o rtan t p a r t th a t  m etals have 
p layed in  th e  civilization of th e  hum an  race. 
D r. R ickard  has laid  us under a deep 
obligation to  him , for th e  labour involved 
in  its  p rep ara tio n  m ust have been immense. 
A nyone who reads it will und erstan d  why 
he has ded icated  it  to  th e  L ibrarians, for it 
is in the ir treasu re  houses th a t  he has 
ob ta ined  his subject m a tte r. He has used it 
w ith  insight, im agination , and  power, and  
it  appears to  th e  reviewer, a t any  ra te , th a t 
his m ain  conclusions are well and  tru ly  
established. F or th e  first tim e th e  technical 
evidence which is available to  a  skilled m iner 
and  m etallu rg ist has been properly  assem bled, 
com pared, and  utilized. As th e  au th o r has 
so clearly shown, th e  m etal sm ith  preceded 
th e  m eta l m elter and  th e  la tte r  th e  m etal 
sm elter. The raw  m ateria ls  of th e  first tw o 
were th e  n a tiv e  m etals and  these were all 
th a t  were required , b u t th e  supply of them  
was lim ited  and  had  th e  th ird  discovery 
never been m ade m ank ind  w ould still be in 
a  p rim itive  stage of civilization. The o u t­
stand ing  discovery w hich has rendered  our 
p resen t civilization possible w as the smelting  
of a metal fro m  a stone, for th is  m ade 
available to  subsequent generations th e  vast 
supplies of ores from  w hich th e  m etals  and  
alloys of to -day  are sm elted, refined, and  
fabricated . The im portance of th is  discovery 
comes in th e  sam e category  as th e  first 
m ethod  of producing fire artificially.

H . C. H . C a r p e n t e r .

A Textbook of Geology. P art I— P hysical 
Geology. B y C. R . L o n g w e l l ,  A. 
K n o p f ,  and  R. F. F l i n t .  Cloth, octavo, 
514 pages, illu stra ted . Price 23s. New 
Y ork : Jo h n  W iley  & Sons. London : 
Chapm an and  Hall.

T his volum e is the  “ avowed successor ” 
to  P a r t I of P irsson and  S chuchert’s “ T ex t­
book of Geology,”  of which the  te n th  edition 
appeared  as recen tly  as 1929. The changes 
m ade are no t very  considerable, although  
th e  order and  m ethod  of trea tm e n t are 
som ew hat modified. The first chap te r gives 
a  general view of th e  ea rth  and  indicates 
th e  scope and m ethod of geology. Succeeding 
chap te rs deal w ith  th e  various agents of 
erosion and  deposition, sed im en tary  and 
igneous rocks, vu lcanicity , folding and 
fau lting , ea rthquakes, m etam orphism , the  
e a r th ’s in terio r, and  m oun ta in  structu re . 
A p enu ltim ate  ch ap te r on “ L and  F orm s ” 
enables the  m ore com plex aspects of the
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erosion cycle to  be discussed in th e  ligh t of 
geological phenom ena prev iously  described. 
The last ch ap te r deals briefly, bu t in teresting ly , 
w ith  coal, oil, and  ore deposits. T here are 
useful appendices on the m ore im p o rtan t 
m inerals and  rocks and  on topographic m aps. 
T he omission of discussion on clim ate and  
w ea ther and  on th e  m echanics of glacier 
m otion has enabled  th e  tre a tm e n t of m ore 
p e rtin en t subjects to  be expanded  and  
brough t up  to  d a te  w ith o u t m uch increasing 
the  leng th  of th e  book as com pared w ith  
its  forerunner. A short s ta te m en t in th e  
chap ter on glaciation of the  ideas developed 
by  one of th e  au th o rs  on th e  effects of 
s tag n an t ice provides a  fea tu re  p robab ly  
new to  geological tex tbooks. I t  is, perhaps, 
a m a tte r  for surprise th a t  the  chap te rs  on 
igneous rocks and  vu lcan ic ity  con tain  no 
reference to  th e  very  significant resu lts  of 
w ork in  th e  T ertia ry  igneous province of 
Scotland. T he a tte m p ts  a t  e lem entary  
trea tm e n t of th e  m ore recondite subjects 
have no t alw ays escaped th e  p itfa ll of 
superficiality, n o tab ly  in th e  case of Alpine 
structu re . The illustra tions are good, 
a lthough  some of th e  d iagram s are n o t as 
clear as th e  corresponding ones in th e  final 
edition  of “ P irsson ,” and  the  photographic 
illu stra tions are h a rd ly  as well reproduced. 
N um erous block d iagram s g rea tly  assist in 
elucidation, b u t i t  is perhaps a m istake to  
use these to  the  alm ost en tire  exclusion of 
m aps, for th e  im portance of accustom ing 
a s tu d en t to  ex tra c t geological in form ation 
from  topographical m aps can h ard ly  be 
over estim ated . The book has a  useful 
index and  can be recom m ended as well- 
conceived and  clearly  w ritten .

T. H . W h i t e h e a d .

Handbuch der G eophysik.— E d ited  by 
Professor D r. B. G u t e n b e r g ,  (i) Vol. I Ï , 
P a r t 2. “ The Geological S truc tu re  of
th e  E a r th ,” by  Professor A. B o r n .  
P aper covers, 303 pp., illu stra ted . Price 
69 R.M., subscription price 46 R.M. 
(ii) Vol. IV, P a r t 3. “ E a rth q u a k e
G eography,” by  Professor Dr. A. 
S i e b e r g .  P aper covers, 319 p p .,  
illu stra ted . Price 84 R.M ., subscrip tion  
price 56 R.M. (iii) Vol. IX , P a r t I. 
“ The S tru c tu re  of th e  A tm osphere ,”  by  
P rofessor Dr. B. G u t e n b e r g .  P aper 
covers, 171 pp., illu stra ted . Price 
36 R.M ., subscrip tion  price 24 R.M. 
Berlin : G ebriider B orntraeger.

The first p a r t  of th e  book now  under 
review  form s th e  second po rtion  of V olum e II 
of th is  com prehensive w ork, w hich deals w ith 
th e  s tru c tu re  of the  ea rth . T he chem ical and 
physical aspec ts  of th is  sub ject have  been 
review ed in th e  p rev ious po rtion  of the 
volum e and  the  geological v iew poin t is here 
considered. T he a u th o r d iv ides th e  surface 
of th e  globe in to  n ine d is tin c t regions, in 
each of w hich he considers th e  s tru c tu ra l 
fea tu res w ith  th a t  w ealth  of d e ta il which is 
charac teristic  of th is  ex tensive  trea tise . The 
second of th e  th ree  books u n d er considera­
tion , en titled  “ E a r th q u a k e  G eography ,” is 
an  au th o rita tiv e  account of th is  b ran ch  of 
seism ology by  Sieberg, w ho has con trib u ted  
ex tensively  to  th e  lite ra tu re  on th e  subject. 
In  th is  case th e  tre a tm e n t is a lm ost com ­
p le te ly  analogous to  th a t  of B orn  on “ The 
Geological S tru c tu re  of th e  E a r th .” The 
e a r th ’s surface is d iv ided  in to  corresponding 
areas, w hich are stud ied  ind iv idually  in 
considerable detail. F rom  a  critica l exam ina­
tion  of th e  d a ta  ava ilab le  in  th e  various 
regions, valuab le in fo rm ation  concerning the 
s tru c tu re  of th e  ea rth  is rendered  available.

V olum es V II I  and  IX  of th is  “ H an d b u ch  ” 
are to  be devo ted  to  “  T he S tru c tu re  of the 
A tm osphere ”  and  th e  first p a r t  of th is 
trea tise  to  ap p ear form s th e  last of th e  books 
now u n d er review . T his is d iv ided  in to  three 
sections, th e  first of w hich, from  th e  pen  of 
G utenberg , deals w ith  “ T he S tru c tu re  of 
the  A tm osphere .” T he au th o r considers the 
com position of the  a ir a t different levels in the 
troposphere and  s tra to sp h ere  and  discusses 
the  varia tio n  of te m p era tu re  and  wind 
d irection  w ith  heigh t. T hen  follows a 
theore tical account of th e  s tru c tu re  of the 
atm osphere, in w hich th e  theories of Jeans, 
C hapm an, Milne, and  L inke are com pared 
w ith  the  L indem ann-D obson  observations. 
In  the  n ex t section the  sam e au th o r considers 
the  p ropagation  of sound in th e  a tm osphere , 
from  b o th  th e  theo re tica l and  in stru m en ta l 
standpo in ts, and  discusses th e  resu lts  of 
observations on gun-firing and  large-scale 
explosions. A sho rt section on th e  the rm al 
properties of th e  s tra to sp h ere  follows, in 
w hich the  recen t valuab le w ork of Sim pson 
receives special consideration .

All th e  p a r ts  are copiously  supp lied  w ith  
valuab le references and  well m a in ta in  th e  
h igh  s ta n d ard  of tho roughness w hich h as  
been set by  th e  prev ious p a r ts  of th is  
excellent work.

H . Sh aw .
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The Form  and Properties of Crystals.
B y A .  B. D a l e . Cloth, octavo, 1 8 6  pages, 
illu stra ted . Price 6s. Cam bridge 
U n iv ersity  Press.

This sm all book is a  com m endable in tro ­
duction  to  th e  s tu d y  of crysta ls and  m inerals 
and  th e  use of th e  petrological microscope. 
The opening chap ters deal w ith  th e  n a tu re  
and  classification of crystals, including 
the ir m orphological p roperties and  m ethod 
of represen tation . Special a tten tio n  is paid 
to  the  stereographic projection of crysta l 
form s, stereogram s of th e  various crysta l 
system s and  classes being depicted , and  a 
section devoted  to  practical exam ples in 
th is  m ode of projection. U ndoubted ly  th is  
is th e  m ost useful projection  for advanced 
work, b u t for the  general geology studen t 
some m eans of rep resen ta tion  which shows 
th e  ac tua l appearance of the  crystals seems 
to  be m ore suitable. The chap ter on classifi- 
tion  suffers from  an  insufficiency of crysta l 
draw ings and  a too sum m ary  account of 
some of th e  crysta l system s.

A fter devoting a sm all chap ter to  the 
in te rnal structu re  of crysta ls the  rem aining 
half of the  book describes the  general 
physical properties of m inerals and  the 
elem ents of optical m ineralogy in a m ost 
a ttrac tiv e  style. References for wider reading 
are  given in an appended bibliography. The 
book is marked- th roughout by  a  c la rity  of 
exposition which will be welcome to  all 
s tuden ts of m ineralogy and  crystallography.

D a v id  W il l ia m s .

The Scientific Principles of Petroleum  
Technology. By L. G u r w i t s c h  and
H. M o o r e .  Second edition. Cloth, 
octavo, 584 pages. Price 30s. London : 
Chapm an and Hall.

The first edition of the  transla tion  of 
Dr. G urw itsch’s book was published in th is 
coun try  in 1926 and  is so well know n th a t 
th is revised edition  needs little  description, 
b u t only fu rth e r com m endation. As was 
the case w ith  th e  first edition, th e  new 
is m ainly  an  adm irable trea tise  on the  
chem istry  of petro leum  and its  com ponents 
and products, and  it has been considerably 
im proved by  th e  addition  by  Mr. Moore of 
m ateria l to ta lling  abou t 100 pages on the  
more technical side of th e  subject. The book 
follows th e  schem e adopted  in  the  first 
edition  and  is divided in to  five m ain sections :

(1) The constituen ts of petro leum  and 
th e  action  of chem ical reagents upon them .

(2) The physical properties of th e  con­
s titu en ts  of petroleum .

(3) The d istilla tion  of petro leum .
(4) T he refining of petro leum  products.
(5) The p roperties of the  refined products.
T he new ed ition  is a  m arked  advance 

on the  first and  can be confidently  recom ­
m ended.

M u r r a y  St u a r t .

Stratigraphy of the Plains of Southern  
Alberta. D onaldson B ogart Dowling 
M em orial Sym posium . Cloth, octavo, 
160 pages, illu stra ted . Price $3-00. 
A m erica : T he A m erican A ssociation of 
P etro leum  G eologists, Tulsa, O klahom a. 
London : T. M urby and  Co.

This little  book is com posed of fourteen 
papers by  m em bers of th e  A lberta  Society 
of P etro leum  Geologists and  th e  A m erican 
A ssociation of P etro leum  Geologists rep rin ted  
from  th e  B ulletin  of th e  A m erican Associa­
tion  of Petro leum  Geologists, Volum e 15, 
N um ber 10, O ctober, 1931. I t  th u s  brings 
toge ther in  one sm all volum e th e  present- 
day  knowledge of the  s tra tig rap h y  of th a t 
p a r t of the  world. Few, if any, of the  
papers appear in the  sam e form  in w hich 
th e y  were originally presented . D uring 
the discussions following the  reading of 
the  original papers m any  po ints were 
criticized in great deta il and  agreem ent was 
reached on such questionable po ints before 
the  final d ra ft of th e  papers was m ade. 
Consequently  th e  sym posium  m ay  be 
regarded as the  w ork of the  A lberta  Society 
of P etro leum  Geologists as a  whole and  as 
carry ing th e  approval of th a t  body. In  
addition  to  verbal discussions th a t were la te r 
incorporated  in th e  papers the  sym posiuñr 
has been ed ited  by  a  com m ittee to  ensure 
un ifo rm ity  of nom enclature and to  harm onize 
conflicting s ta tem en ts  in  different papers 
touching on the  sam e problem s. The result 
is th a t  the  book is a  valuable exposition 
of th e  subject m a tte r  em braced b y  th e  title .

M u r r a y  S t u a r t .

2 * “ Copies of th e  books, etc., m entioned under the 
heading “ Book Reviews ” can  be obtained 
th rough  th e  Technical Bookshop of The M ining  
M agazine, 724, Salisbury H ouse, London, E.C.2.
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NEWS LETTERS

J O H A N N E S B U R G

January  5.
Gold P rem iu m .— S outh  A frica has 

abandoned  th e  gold s ta n d a rd  and  the  
W itw ate rsrand  m ines are now en joy ing  th e  
benefit of the  gold prem ium . Mines which 
have been opera ting  a t  a  loss or a  very  
precarious m argin of profit m ay  now  be able 
to  m ake some re tu rn  to  shareholders. The 
lives of all the  gold m ines will be prolonged, 
a  large am oun t of add itiona l m oney will 
be circu lated , and  m an y  m illions of cap ita l 
will soon begin to  flow back  in to  th e  coun try . 
Mines w hich were closed down owing to  the  
hand icap  im posed by  th e  exchange will be 
reopened. I t  has been po in ted  ou t th a t  
there  is no reason to  suppose th a t  th e  S outh  
A frican cu rrency  cost of w orking a  to n  of 
W itw ate rsrand  ore, w hich cost was in 
N ovem ber 18s. l i d . ,  w ill rise to  any  
im p o rtan t ex ten t or to  any  ex ten t com parable 
w ith  th e  im proved m oney value of the  m ine 
product. The effect of a deva lua tion  of, say, 
25%  w ould be to  b ring  down th e  w orking 
cost expressed in te rm s of th e  p roduct, gold, 
from  18s. l i d .  to  14s. 2d. A ccording to  
evidence su b m itted  to  th e  Low G rade Ore 
Commission by  th e  C ham ber of Mines, the  
effect on the  in d u stry  of a  reduction  of 4s. 
per ton  w ould be to  m ore th a n  double its  life. 
This w ould resu lt from  th e  fac t th a t  the  
m ines contain  large tonnages of low-grade 
ore and, if a sm aller proportion  of th e  gold 
produced be absorbed in w orking costs, i t  is 
obvious th a t  ore of lower grade can be 
w orked. I t  is expected  th a t  th e  New Y ear 
will w itness im p o rtan t developm ents on the  
E aste rn  and  W estern  sections of th e  W it­
w ate rsrand— extensive drilling operations, 
sh a ft sinking to  open u p  deep levels, and 
possibly th e  prospecting  of certain  gold- 
bearing  farm s by  m eans of drives from 
ad jo in ing  properties.

Rhodesian M ineral Production.— I t is 
e s tim ated  th a t  Southern  R hodesia’s gold 
o u tp u t for 1932 is, in  round  figures, 
¿3,000,000, th e  h ighest for th e  p as t fifteen 
years and  th e  fifth  h ighest in th e  h is to ry  of 
th e  colony. The peak figure of ¿3,800,000 
w as reached in 1915, w hen several big 
m ines were operating  w hich have since 
been exhausted . The num ber of p roperties 
now  producing in  the  colony constitu tes  a  
record. An im p o rtan t factor in the  p ast y ea r’s

resu lts  h as  been th e  enhanced  price of gold, 
b u t a m ore significant and  encouraging 
fea tu re  is th a t  a  num ber of new  and  highly- 
prom ising m ines have been opened up. This 
is a  d irec t resu lt of th e  stim ulus given to 
m ining en terp rise  by  th e  gold prem ium . 
L ast y e a r’s o u tp u t b rings th e  to ta l from  the 
gold m ines in th e  colony since the  B ritish  
occupation  up  to  over ¿80,000,000. A more 
op tim istic  view  is ta k en  of th e  base m ineral 
p rospects, in  p a rticu la r  asbestos, w hile i t  is 
hoped th a t  a recovery  of th e  copper m arket 
and  of ac tiv ities on th e  n o rth e rn  copper belt 
m a y  lead  to  th e  resum ption  of norm al 
w ork on th e  W ankie  coalfields. N orthern  
R hodesia’s m ineral re tu rn s  for th e  eleven 
m o n th s of th e  y ea r are m ore th a n  double 
those  for th e  Ja n u a ry -N o v e m b e r period  of 
1931, th e  figures being respectively  ¿2,345,000 
and  ¿1,063,063.

D iam ond Industry.— Sir E rn e s t Oppen- 
heim er, cha irm an  of De B eers Consolidated 
Mines, p o in ted  out in  th e  course of h is review 
a t  th e  annua l m eeting  of th e  com pany  th a t, 
while some fall in th e  price of d iam onds was 
unavoidable , i t  h ad  been b u t a  frac tion  of the 
d rop  in o th e r com m odities and  diam onds 
w ould s ta r t ,  therefo re , w ith  a  m uch  b e tte r 
price level w hen a recovery  cam e about. 
“ D iam ond production  in S ou th  A frica ,” he 
added, “ has e ither ceased or been m ateria lly  
reduced  and  th is  has  effected th e  small 
im provem ent in th e  d iam ond m a rk e t which 
has been ev iden t for th e  p as t th ree  m o n th s .” 
A lthough th e  p as t year w ould alw ays be 
rem em bered as one of exceptional distress, 
he w as confident th a t  i t  w ould u ltim ate ly  
be looked back  upon as hav ing  seen th e  tu rn  
of th e  tide  in the  d iam ond in d u stry . In  no 
year in the  p as t h ad  such s tupendous efforts 
been m ade to  p u t  th e  in d u s try  on a  firm 
bas is- and  th ro u g h  th e  co-operation  of the 
outside and  Conference producers the 
D iam ond C orporation w as in a  position  to 
offer goods for sale only as th e  m arket 
requ ired  them  and  stead ily  to  p u rsue  a  policy 
of m ain ta in ing  prices.

New C oalfield .— I t  is repo rted  th a t  large 
coal seam s have been discovered in the 
A lexandria  d is tric t, n o t far from  P ort 
E lizabeth . A pparen tly  th e  d iscovery  has  no 
connexion w ith  the  once-prosperous coal 
areas of S torm berg  and  M olteno, w hich are 
several hundred  m iles d is ta n t and  w hich, on 
account of th e  poor q u a lity  of th e ir  p roduct, 
have alm ost ceased to  opera te . LTntil the 
U nion th e  m ines on these a reas used  to  tu rn  
ou t around  200,000 tons annually , b u t to -day
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the  re tu rn s  are so sm all, th ro u g h  the  com peti­
tion  of th e  superior T ransvaal and  N ata l 
coal, th a t  th e y  no longer are specified in th e  
sta tistics . D u tch  m oney is principally  
involved in opening up  th e  A lexandria 
occurrence. A t M imosa s ta tion , sou th  of 
where th e  new  coalfield has been located, 
P rofessor E . H . L. Schw artz some years 
ago .identified a  large prehistoric volcano. 
H e s ta te d  in his repo rt th a t lim estone on top 
of chalk deposits no less th an  500 ft. th ick  
were th e  characteristic features of the 
landscape.

Aerial Survey of Mines.—The services 
of the  A ircraft O perating Com pany have 
been in increasing dem and lately . The 
com pany has surveyed th e  F a r  W estern  
R and  farm s which are to  be developed by  the  
new com pany, W est W itw ate rsrand  Areas, 
and is now busy on th e  F a r  E a s t R and. 
L ater on, i t  is understood , the  m ountainous 
coun try  of the  P ilg rim ’s R est d istric t, 
N orthern  T ransvaal, will be exam ined by  the 
com pany’s experts.

D iam onds in Rhodesia.— Of th e  seven 
pipes or fissures filled w ith k im berlite known 
in Southern R hodesia only two have been 
shown to  con tain  d iam onds and  these, 
though thoroughly  tested , did no t prove 
payable. The to ta l o u tp u t declared to A ugust, 
1932— 15,781 carats , valued a t £75,253— has 
come from  th e  Som abula and N gam o alluvial 
workings, s itu a ted  n ear W illoughby’s Siding, 
12 miles south-w est of Gwelo. The diam ond- 
bearing w ash m igh t be correctly  described as 
a “ deep lead ,” since it  is covered by  sand­
stones and m udstones contain ing fossil 
p lants, w hich prove th e  w ash to  be of 
S trom berg (Upper K arroo) age and, th e re ­
fore, older th a n  the  pipes, w hich are la te r 
than  the K arroo system . The increasing 
thickness of th is  overburden m akes the 
deposit more and m ore costly  to  w ork and 
it does no t seem likely  th a t  an y  large o u tp u t 
can be expected from  th is  field in the  future. 
The Som abula diam onds have no t been 
traced to  the ir original source. The gem- 
stones found w ith them  are chiefly chryso- 
bery l and topaz, b u t sapphire, ruby , and 
aquam arine , as well as s tau ro lite , tourm aline, 
and garnet, also occur. The assem blage is 
rem ark ab ly  sim ilar to  th a t  found w ith  th e  
diam onds in th e  K asai fields in th e  Congo and 
Angola.

A sbestos.— D uring  th e  boom of four years 
ago over 100,000 claim s were taken  up  in the  
asbestos belt of the  P ie te rsburg  d istric t, 
N orthern  T ransvaal, and 16 propositions were

w orking. To-day only one m ine is operating  
and  the  num ber of claim s held has fallen to 
less th a n  25,000.

B R I S B A N E

December 27.
Mount Isa’s Position.— At the an n u a l 

m eeting of th e  M ount Isa  Mines, L td ., held 
in Sydney the  o ther day, a question w as raised 
by  a  shareholder, on a  m otion to  confirm the 
action  of th e  d irectors in borrow ing £62,500 
from  the  A m erican Sm elting and Refining 
Com pany, as to  w hether the  com pany w as 
no t assum ing the  form of “ a sort of b o tto m ­
less p i t ,” because of frequent borrowing. In  
rep ly  the  chairm an and  o ther d irectors 
po inted  out th a t  the M ount Isa  ven tu re  is 
a big scale proposition, aim ing a t the  produc­
tion of 6,000 tons of lead  a m onth , and  th a t 
to  reach th a t stage a tem porary  expend itu re 
in excess of income is necessary. Mr. M cRea 
added  th a t  the d irectors were w atching w ith  
the g rea test care th e  ou tlay  of m oney. A t the  
same tim e they  were of opinion th a t, despite 
th e  low price of lead, the  com pany m ust be 
k ep t going and the only w ay out of the ir 
trouble is to  borrow . A nother of the directors 
(Mr. F . H am bridge), confirm ing w hat Mr. Leslie 
U rq u h a rt had  pred ic ted  a  couple of years ago, 
asserted  th a t M ount Isa  could produce lead 
a t  a  lower cost than  any  o ther m ine in the  
world, adding th a t if the o u tp u t continued  
it  is alm ost certain  th a t  i t  w ould cap tu re  the  
lead m arke t. Mr. H am bridge also said it is 
the  hope of the  d irectors, who are struggling 
to  keep the  m ine going, th a t  th ey  will no t 
have to  borrow  m ore m oney.

Mount Isa Work and Production.—The 
m ining and  m illing p lan ts  of th e  M ount Isa 
Com pany were s ta rted  in May, 1931, and  th e  
sm elting p lan t in th e  following m onth . The 
presen t general m anager, in his repo rt to  the 
annual m eeting, shows th a t since th e  begin­
ning of production  to  th e  end of the  com ­
p an y ’s last financial year the  o u tp u t of ore 
had  been 450,604 d ry  tons, of which 453,145 
tons was delivered to  the  mill storage bins 
and  1,459 tons sent to  the  sm elters. The 
ore was com posed of a m ix tu re  of sulphides 
and carbonates, w ith  an average m etal con­
te n t of 5-5 oz. of silver to  the  ton , 10-7% of 
lead, and 4-1% of zinc. The average m onth ly  
production  for the  period was 37,884 tons, 
while in addition there  rem ained in the  
shrinkage stopes 84,401 tons of ore broken 
and  read y  for ex traction . The to ta l diam ond 
and churn  drilling for exploration  purposes
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was 51,208 ft. The drilling in the  Rio G rande 
section had  revealed ore of a  good average 
value. The q u a n tity  of ore trea ted  a t th e  mill 
during  N ovem ber, 1932, was 62,966 tons and  
th e  resu lting  concentra tes 12,168 tons. The 
bullion recovered contained  5,213 tons of 
lead, w orth  £63,772, and  244,125 oz. of silver, 
valued a t £19,835, the  to ta l value of the 
m o n th ’s o u tp u t th u s  being £83,607. D evelop­
m ent w ork in the  same m o n th  continued  to 
proceed satisfactorily , p articu la rly  in the  
B lack S tar section, w here extensive p rep a ra ­
tions are being m ade for a  stoping cam paign 
on a  large scale. The new sm elter is runn ing  
sm oothly  and  gives prom ise of being able to  
tu rn  ou t 100 tons of lead da ily  under norm al 
conditions. T he in sta lla tion  of th e  M ay jigs 
in the  mill has been progressing s tead ily  and  
these will soon be in com mission. D iam ond 
drilling has been continued  underground  and  
I. 38 v ertical hole was com pleted a t  137 ft. 
6 in., proving th a t  th e  rich  streaks encoun­
tered  in G. 37 cross-cut persisted  in d ep th  
an d  th a t  th e  ore of lower grade was replaced 
by  py ritic  m ateria l.

The New Cracow Field. —  A com pre­
hensive repo rt on the  new  Cracow goldheld, 
in C entral Q ueensland, by  a S ta te  G overn­
m ent geologist (Mr. A. K. D enm ead) has ju s t 
been issued, accom panied b y  no tes thereon  
b y  th e  Chief Geologist. F rom  these it  is 
gathered  th a t a large am ount of prospecting, 
b o th  surface and  underground, is requ ired  
before th e  po ten tia lities of th e  held can be 
gauged and  before reliable estim ates can be 
m ade of th e  am ount of m illing ore available. 
The m ore im p o rtan t finds com prise th e  
original high-grade shoots of th e  Golden Mile 
quartzose form ation and  th e  rich and  large, 
b u t no t as y e t fully  delim ited, kaolin ore- 
body of the  Golden P la teau . The Golden 
P la teau , which has developed th e  largest 
reserves of ore, is, a t any  ra te , expected  to  
be a producer for a num ber of years. All of 
the  large bodies of q u artz  are now being 
tested  and  th is  w ork will p ro b ab ly  occupy 
abou t six m onths. A lthough a  large area  
in  th e  v ic in ity  of Cracow has a lready  been 
prospected, fu rth e r  discoveries of payable 
gold, Mr. D enm ead says, are “ w ith in  the  
range of possib ility .” On th is  field there  are 
un doub ted ly  h igh-grade ores, as well as some 
of a  very  low grade, th e  la tte r  perhaps no t 
trea tab le  a t a p roh t, b u t as yet it is too early  
to  m ake a  reliable forecast of w h a t will be its  
fu ture .

M ount M organ, Ltd.—The acting  cha ir­
m an, a t  th e  annual m eeting  of M ount M organ,

L td ., held  in Sydney  la s t week, to ld  th e  share­
holders th a t,  based  on th e  p resen t price of 
gold, a  profit of £2,500 a  w eek, or £130,000 
annually , is expected  b y  th e  end of A pril next, 
w hen th e  p la n t w ill be hand ling  3,000 tons of 
ore w eekly. E ven  a t th e  norm al price of gold 
th e  es tim a ted  profit is £40,000 a  year. The 
profit by  th e  end of A pril, i t  was added , will 
be in th e  v ic in ity  of £17,000. T he present 
com pany is no longer trea tin g  dum ps, as it 
has been doing since its  fo rm ation , b u t is now 
dealing w ith  th e  ore th a t  is being  mined. 
W ith  th e  successful d em onstra tion  of selective 
flo tation , Mr. C am pbell said, th e  com pany is 
energetically  a ttac k in g  th e  m ain  ore-body, 
consisting  of 8,000,000 tons of ore, estim ated  
to  con ta in  1,153,600 oz. of gold, a t  85s. an 
ounce (£54,092,800), and  123,840 tons of 
copper, a t  £40 a to n  (£4,953,600). I t  is 
p o in ted  ou t th a t,  h ad  th e  science of m e ta l­
lu rgy  reached  its  p resen t stage of developm ent 
w hen th e  old com pany  decided to  w ind up, 
the  m ine w ould never have been closed down 
and  th a t  as a  consequence A u stra lia  would 
have been several m illion pounds richer. The 
cha irm an  also affirm ed th a t  the  records of the 
old com pany  (M ount M organ Gold Mining 
Com pany, L td .) showed in d isp u tab ly  th a t 
th e re  ex ist in th e  m ine know n reserves of 
m ore th a n  8,000,000 to n s of ore, assaying 
4-37 dw t. of gold an d  1-7% of copper.

M o u n t  W a n d o o  G o l d  M i n e . — 
Mr. A lexander M acdonald, th e  ho lder of the 
M ount W andoo lease, n ea r Chillagoe, N orth  
Q ueensland, has fu rn ished  to  th e  m ining 
w arden for th e  d is tric t a  rep o rt on operations 
a t th e  m ine up  to  th e  end  of N ovem ber. 
A t th a t  tim e th e  m ain  sh a ft h ad  been sunk to 
187 ft., b u t scarcity  of w a te r h ad  n o t only 
caused first th e  cu rta ilm en t and  th en  the 
suspension of w ork for a  tim e in th e  shaft, 
b u t also had  p reven ted  th e  s ta rtin g  of the 
b a tte ry  and  tre a tm e n t p la n t, w hich is now 
ready  for use and  w hich Mr. M acdonald 
considers to  be equal to  an y  of its  k ind  in 
Q ueensland. H e likewise s ta te s  th a t  th e  ore 
in th e  bo ttom  of th e  sh a ft has show n no signs 
of d im inution  in  values and  th a t  th e  last 
assay gave a re tu rn  of 8 oz. of gold from  the 
crude ore and 12 oz. in  th e  concentra tes. 
An east level, which has been p u t in a t the 
125-ft. m ark  and  ex tended  to  85 ft was 
driven  for th e  la st 50 ft. on an  ore-body 
averaging in w id th  fu lly  6 ft. and  bulking 
over 1 oz. of fine gold per to n  in th e  crude. 
In  Mr. M acdonald’s opinion th e  ind ications 
were th a t  the  level w as en tering  an  ore zone 
of g rea ter w id th  th a n  an y  previously , the
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w id th  in th e  face being 8 ft. A w est level 
a t the  same dep th  has also been ex tended  
20 f t., m aking th e  to ta l distance from  face 
to face 141 ft. A concrete dam  has been 
construc ted  in a gully  near the b a tte ry . I t  is 
a t  p resen t em pty , b u t it is es tim ated  th a t 
when full it will conserve upw ards of 2,000,000 
gallons of w ater.

Central A u s t r a l ia .— In  spite of geologists’ 
repo rts  condem natory  of the G ranites gold- 
field, C entral A ustralia, the  com pany which 
has ta k en  over the  mine of Mr. C. H . 
C hapm an is still keeping a t w ork and appears 
to  have confidence in u ltim ate  success. 
E a rly  th is  m onth  a  message from  M elbourne, 
where the  com pany has its  head q u arte rs , 
w as received in Brisbane s ta tin g  th a t  Mr. 
Chapm an had advised th a t the tw o-head 
s tam p -b a tte ry  on the  com pany’s lease had  
produced 62 oz. of gold— the resu lt of one 
w eek’s work w ith  th ree sh ifts a day. I t  is 
understood th a t the  q u a n tity  of ore crushed 
for the  y ield was from  8 to  10 tons. 
Mr. W illiam  H atfield , the  A ustralian  au th o r, 
who has la te ly  com pleted a m otor tou r of
10,000 miles from  M elbourne, by  w ay of 
W estern Q ueensland, th rough  the  desert 
coun try  of C entral A ustra lia  to  Broome, in 
W estern A ustralia, down to P erth , has given 
it as his opinion th a t  the  coun try  has been 
overstocked, is hopeless for pasto ra l purposes, 
and  is becom ing worse. H e says, however, 
th a t there is gold in th e  region, because 
m ining m en have been m aking a living year 
a fte r year, b u t th a t  there  is a  possibility  
in fu ture th a t the  less spectacu lar m etals will 
be developed. A bout 70 miles east of Alice 
Springs th e re  is a  deposit of m ica which is said 
to  be the biggest in the  world. In  tw o years, 
Mr. H atfield  th inks, th is  will dom inate the  
w orld’s m ica m arke t. There are also huge 
deposits of ochre and  red  oxide.

Mount Lyell Com pany.—The annual 
m eeting of the M ount Lyell Mining and 
Railway Com pany, L td . (Tasm ania), the  only 
large m ining concern th a t  has continued to 
produce copper in A ustralia  during  the  tim e 
of depression and low m eta l prices, was held 
in M elbourne on D ecem ber 16. A t th is  
m eeting Mr. C. Tem pleton, th e  chairm an, 
ad m itted  th a t, w ith  copper and th e  exchange 
on the  presen t basis, there  is no m argin of 
profit and  said it  is impossible to  forecast 
th e  probable course of the  m arke t for the  
m etal. D ealing w ith  m ining operations for 
the  year, Mr. T em pleton said th a t he had  
again  to  record  a substan tia l add ition  to  the  
tonnage of ore trea ted  and a decline in the 
2— 5

average copper con ten ts of the  ore. The 
com pany’s fu tu re  depended on the ab ility  
to  tre a t large tonnages of low-grade ore. So 
far, he added, th is  policy had  m et w ith  
considerable success.

T O R O N T O

January  19.
M ineral Production of Canada in 1932.

— The value of C anada’s m ineral production 
in 1932 is es tim ated  a t $182,701,000, as com ­
pared w ith  $228,029,018 in 1931. M etals as 
a  group to ta lled  $103,133,000, as com pared 
w ith  $118,524,439 in 1931. The drop  in 
dem and and  in prices is reflected in the  
decreased production  of the  base m etals, bu t 
on the  o ther hand  in no previous year has the 
D om inion produced so m uch gold as in 1932, 
th e  o u tp u t from  all sources am ounting  
in 1932 to  3,055,168 fine ounces, valued a t 
$63,155,000, an  increase of 13% over the  
production  of last year. In  add ition  th e  gold 
m ining com panies also received prem ium s to 
the  am ount of $6,103,000 in view of the 
exchange situation .

Gold Production of Ontario.— A rep o rt 
of the  O ntario  D epartm en t of Mines of the  
gold production  of the Province gives the  to ta l 
o u tp u t for 1932 a t $46,773,154, as com pared 
w ith $42,737,276 for 1931, an  increase of 
approx im ate ly  9-4%. P roduction  during  
D ecem ber a t $4,135,336 showed a sa tisfac to ry  
im provem ent over the  N ovem ber o u tp u t of 
$3,906,467. The Porcupine area  produced 
$2,067,215 from  the  trea tm e n t of 287,150 tons 
of ore. The K irk land  Lake Mines yielded 
$1,921,146 from  154,229 tons of ore and  the  
m ines of N orth-W estern  O ntario  produced 
$147,175 from  35,246 tons of ore.

S u d b u r y .— The In te rn a tio n a l N ickel 
Com pany has resum ed the operation  of the  
O xford process p lan t a t  Copper Cliff, which 
has been closed down for six m onths. 
Sufficient b lister copper will be produced to  
mee.t the  requirem ents of the O ntario  Refinery 
Com pany, L td ., which is transferring  consign­
m ents of electro ly tic copper to  B rita in  to  m eet 
the dem ands of the  B ritish  consum ers. The 
w orking force consists of 300 m en, who were 
form erly  laid  off. I t  is expected  th a t th e  p lan t 
will be kep t in operation for several m onths 
to  m eet p resen t copper requirem ents. The 
Falconbridge Nickel has declared an in itial 
d ividend of 10 cen ts per share, which will 
involve an  ou tlay  of approxim ately  $320,000.
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F o r th e  nine m on ths ended  S eptem ber last 
th e  com pany showed n e t earnings a fte r  all 
deductions of $523,427. The com pany 
en tered  th e  year 1932 w ith  inventories of 
n ickel to ta lling  2,888,466 lb., b u t th e  opening 
u p  of new m ark e ts  enabled  th e  com pany to  
dispose of these large stocks and  it becam e 
necessary  to  increase p roduction  to  take  care 
of th e  growing dem and for nickel. The 
recen tly  com pleted add ition  to  its  p la n t is in 
s tead y  operation  and  o ther u n its  will be 
opened early  th is  year. In  th e  Swayze 
gold a rea  the  K irk land  H udson B ay  Mines 
w ill conduct a  d iam ond-drilling  cam paign 
on th e  D arragh  group of claim s, on w hich 
some rich  showings have been disclosed. 
The H alcrow  Swayze Mines has uncovered 
four prom ising veins showing free gold. The 
K en ty , w hich has been sinking a  sh a ft by  
h and  steel, is now installing  equ ipm en t 
p rep a ra to ry  to  carry ing  ou t an  ex tensive 
program m e of developm ent.

Porcupine.—T he H ollinger gold m ine is 
assured of a continuous supp ly  of ore for 
m any  years to  come, according to  th e  rep o rt 
of D r. L. C. G raton, P rofessor of M ining 
Geology of H arv a rd  U niversity , w ho m ade 
an  exhaustive exam ination  of th e  geological 
conditions of th e  p roperty . H e w as convinced 
of th e  con tin u ity  of th e  deposits to  a  consider­
able d ep th  below presen t w orkings and  
pronounced th e  H ollinger one of th e  g rea test 
gold m ines of th e  tim es. Dom e Mines, L td ., 
repo rts  bullion production  in  D ecem ber 
valued a t $322,284, a  slight gain over the  
$321,089 for th e  prev ious m onth . Ore 
tonnage tre a te d  and  the  average grade show 
little  change from  N ovem ber’s ra te , w hen 
45,650 to n s of th e  average grade of $7-02 was 
m illed. D uring  th e  year th e  bullion o u tp u t 
reached  a value of $4,030,296, an  increase of 
approx im ate ly  $556,000 over th e  $3,474,000 
for 1931. D uring th e  p as t year new high-grade 
sections were opened up , w hich m ateria lly  
increased th e  average grade of ore trea ted . 
D evelopm ent on th e  lower levels of th e  
M cIntyre is proceeding w ith  sa tis fac to ry  
resu lts, production  is being well m ain ta ined , 
and  th e  d irectors felt w arran ted  in declaring 
th e  usual ex tra  d ividend of 12 -̂ cents. Good 
progress has been m ade in th e  sinking of 
th e  winze from  th e  3,750-ft. level on the  
M cIn tyre to  open up  19 new levels below th a t  
horizon. T he p la n t being installed  a t th e  
3,750-ft. level for th e  second stage of m ining 
is sim ilar to  th a t  on the  surface, a lthough  the  
hoist is a  little  sm aller. V ipond Consolidated 
for th e  q u a rte r  ending D ecem ber 31 produced

bullion to  th e  value of $125,900 from  27,719 
tons of ore m illed, as com pared  w ith  $103,157 
from  th e  tre a tm e n t of 27,096 tons of ore. 
Gross p roduction  for th e  y ea r  to talled  
$472,474 from  87,200 tons, w ith  an  average 
recovery  of $5-42 p er ton . S outh  Keora 
Mines h as  resum ed opera tions on its  p roperty . 
A d iam ond-drilling  cam paign  is now  being 
carried  ou t to  confirm  th e  resu lts  ob ta ined  in 
earlier w ork, w hen d rill cores re tu rn e d  high 
values in gold over considerable w idths.

K irkland Lake.— T he L ake Shore reports  
bullion p roduction  of $3,110,000 from  205,187 
tons of ore m illed for th e  th ree  m o n th s ended 
D ecem ber, as com pared  w ith  $3,032,000 from 
204,645 tons for th e  p rev ious q u arte r. The 
recovery  was a t  th e  ra te  of $15-15 p er ton, as 
aga inst $14-81. F o r th e  y ea r  th e  m ine’s 
o u tp u t of bullion  w as of th e  value of 
$12,495,076, an  increase of $1,422,382 over 
the  to ta l of $11,073,694 in  1931. The 
com pany  is m a in ta in in g  an  ex tensive  pro­
gram m e of m ine developm ent an d  it  is sta ted  
th a t  th e  ore values and  tonnages are  increas­
ing as w ork  proceeds dow nw ards. A t the 
W rig h t-H arg reav es th e  No. 3 sh a ft is down 
to  3,900 ft. and  No. 4 sh a ft to  3,710 ft. and 
i t  is expected  th a t  b o th  w ill be com pleted  to
4,000 ft. b y  F eb ru ary , w hen ex tensive  lateral 
w ork  w ill be u n d e rta k en  to  develop  th e  ore- 
bodies in te rcep ted  b y  d iam ond  drilling . On 
th e  3,000-ft. horizon considerable develop­
m en t w ork  has been com pleted  an d  sections 
are s ta te d  to  have re tu rn e d  rich  assays. It 
is e s tim a ted  th a t  th e  com pany  has ore 
reserves in  excess of 1,000,000 tons, of the 
average grade of $14 per ton . T he Teck- 
H ughes has encoun tered  m ineralization  in 
a  d iam ond-drilling  cam paign  undertaken  
to  ta p  a  vein com ing in from  th e  L ake Shore, 
b u t no assays are y e t availab le . W ork  on 
th e  lower levels is m eeting  w ith  encouraging 
resu lts, ore of a  good grade hav ing  been 
opened up  below  th e  lean  sections. The 
Sylvanite  will enlarge th e  scope of its  opera­
tions. The sh a ft w ill be con tinued  dow n from 
th e  3,000-ft. to  th e  3,500-ft. level and  four 
new  levels opened up. I t  is also p lanned  to 
continue th e  program m e of underground 
exploration . On th e  3,000-ft. level th e  north 
vein  has been d rifted  on for 400 ft. and  shows 
average values of $10 a  ton . W ork  is also 
being pushed  on th e  2,500-ft. horizon, where 
rich  ore sections were located  a  sh o rt time 
ago. The Miller Independence, in th e  Boston 
Creek area, has acqu ired  th e  adjoining 
p ro p erty  of th e  A llied Gold M ines. A 
calavorite  vein on th e  com pany’s p roperty
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has been traced  in to  th e  Allied ground and  
the  old shaft is being dew atered  in p rep a ra ­
tion  for a  resum ption  of operations. The 
Barry-H ollinger has le t a  co n trac t for
1,500 ft. of diam ond drilling below th e  b o ttom  
level. A t th e  M asassa w ork is proceeding on 
the  new  level above th e  drive and  some good 
ore h as  been encountered. A new  raise is 
going up  to  open up  a  m ineralized section.

O ther Ontario G oldfields. —  In  the
M atachew an area  the  A shley is now on 
a  regular gold shipping basis. The w orkings 
are being carried  to  lower dep ths, a  winze 
hav ing  been p u t down to  th e  750-ft. level. 
The new ore w hich is being opened u p  shows 
an  im provem ent in  grade, m ill heads during 
Decem ber averaging $18-76 per ton . The 
Bloom Lake Consolidated Mines has th ree  
groups of claim s w hich w ill be tho rough ly  
tested  b y  diam ond drilling to  a  dep th  of
1.000 ft. The Moss Mine in th e  T hunder 
B ay  d istric t, w hich recen tly  en tered  th e  
production  stage, is m illing ore a t  th e  ra te  
of 150 tons per day. Good progress is being 
m ade in developm ent w ork and  a  new high- 
grade section has been opened up  on the  
625-ft. level. P reparations are under w ay 
for the  developm ent of the  Cole property , 
in the  R ed Lake area of th e  P atric ia  d istric t. 
A m ining p lan t sufficient to  sink  a  sh a ft
1.000 ft. has been taken  in. Surface showings 
are continuous and  extensive, carry ing good 
values. T he B a th u rst, operating  in  th e  
W om an L ake area, has m ade its  first sh ip­
m ent of gold, valued  a t $7,500. The shaft 
has been p u t down to  th e  250-ft. level and 
m uch la te ra l w ork done.

North-W estern Quebec.—The N oranda 
has increased the  capac ity  of its  concen tra to r 
from 1,000 to  2,000 tons daily , giving the  
mine a  to ta l capac ity  of abou t 4,000 tons 
daily. The objective of th e  m anagem ent 
in increasing concen tra to r capac ity  is to  
enable them  to tre a t m ore ore of lower copper 
and higher gold conten t. There are large 
bodies of ore high in  copper, w hich are being 
held in reserve un til th e  conditions in  th e  
copper m arke t are im proved. The Siscoe 
during D ecem ber produced bullion to  the  
value of $87,398 from  the  trea tm e n t of 
5,563 tons of ore of th e  average grade of 
$16-09 per ton . F or th e  year 1932 the  
com pany’s p roduction  w as in excess of 
$1,000,000. T he com pany is now engaged 
in a  program m e of mill enlargem ent, w hich 
will b ring  the  ra ted  capac ity  up  to  225 tons

per day, as com pared w ith  th e  p resen t ra te  
of 175 tons. The new H adsel m ill of the 
G ranada, w hich recen tly  w ent in to  operation , 
is w orking sa tisfac to rily  and  w ill bring  the  
m ill capac ity  up  to  150 tons daily. Good 
resu lts  are being ob ta ined  from  the  deep 
developm ent program m e. T he continuation  
of No. 3 vein has been encountered  in a  cross­
cu t on th e  1,225-ft. level. Mill heads are 
averaging around  $14 per ton . A t the  
P andora, in  the  Cadillac area, good values 
have been encountered  on th e  250-ft. level. 
The grade of th e  ore shows-some im provem ent 
w ith  d ep th . The B eattie  h as nearly  com pleted 
th e  construction  of its  mill and  operations 
are scheduled to  begin in  M arch. The shaft 
is now down to  . 300 ft. and  in th e  course 
of sinking ore w as encountered  s ta te d  to  
average $9 per ton . V entures, L td ., has 
tak en  an option on th e  G alatea Gold Mines, 
adjoin ing the  B eattie , and  will conduct a 
diam ond-drilling cam paign to  determ ine the  
dow nw ard con tinuation  of th e  m ineralized 
zone located  on th e  surface. D iam ond drilling 
on th e  M cW aters p roperty , in  th e  eastern  
section of th e  R ouyn area, has proved  the  
con tinuation  of the  rich  surface showings to  
a d ep th  of several h undred  feet and  th e  w ork 
is still proceeding. A m ining p la n t will 
shortly  be b rough t in.

M anitoba.—T he m anagem ent of th e  San 
A nton ia is p lanning  a  g rea tly  enlarged 
program m e of m ine developm ent. The No. 1 
shaft will be p u t down from  th e  150-ft. level 
to  a  d ep th  of 975 ft. T he mill is now trea tin g  
150 tons of ore daily  and  in add ition  to  
providing for mill requirem ents th e  ore 
reserves are being stead ily  increased. The 
com pany has opened up  a  good length  of $10 
ore in  add ition  to  the  h igh-grade on No. 16 
vein and  mill heads are holding a t  abou t $14 
per ton . C onstruction w ork is being pushed 
a t Island  Lake Gold Mines and  th e  m ill 
equ ipm ent is being taken  in  over th e  w in ter 
roads. I t  is p lanned  to  have th e  m ill com ­
pleted  and  ready  for p roduction  early  in the  
sum m er, b y  w hich tim e th e  com pany will 
have a  large tonnage of ore available. The 
Vanson Gold Mines, L td ., has decided to »  
install a  10-ton m ill on its  p ro p erty  in the  
Rice L ake area. A shaft will be sunk to  125 ft. 
and  d rifting  on th e  vein s ta rted . P rospecting  
for gold has recen tly  been very  active in th e  
Island , Gods, and  O xford Lakes m ining 
areas and the  to ta l num ber of claim s staked  
up  to  J a n u a ry  12 was 976, w ith  m any  o thers 
w aiting  to  be recorded.
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V A N C O U V E R

January  10.
Bridge R iver.— A sm all block of ra th e r  

m ore th a n  one ton  of spectacu larly -rich  ore 
has been found in stoping above the  8 th  level 
of the  P ioneer m ine. The value is s ta te d  to  be 
around $50,000. A lthough  sections of the  
vein, in which ribbon  s tru c tu re  is m ore p ro ­
nounced, are found to  ca rry  values in gold 
th a t  are som etim es considerab ly  h igher th a n  
th e  average co n ten t of th e  ore, no th ing  
approaching to  th e  richness of th is  pocket 
has ever been encountered  prev iously  in the  
w orkings of th is  m ine, or in  th e  veins of the  
Bridge R iver area  generally. On th e  8 th  level, 
in th e  course of developm ent, consisten t 
values of over $100 per ton  were ob ta ined  in 
one section ex tend ing  for a  d istance of over 
80 ft. on the  level. The deep-level develop­
m ent of the  m ine is said to  be proceeding 
sa tisfac to rily  and  b o th  la te ra lly  and  in dep th  
there  appears to  be a  wide field for exp lo ra­
tion  on the  m ain  vein, while possibilities of 
extension of reserves by  cross-cutting  in 
connexion w ith  a t  least two o ther veins are 
of a prom ising character. T he mill has been 
stepped  up  to  its  norm al capac ity  of 300 tons 
per d ay  and  it is repo rted  th a t  th e  o u tp u t for 
th e  la s t two weeks of 1932 reached  a  value of 
$100,000. Success still a tte n d s  th e  operations 
of th e  B ralorne Mines, L td ., in th e  develop­
m ent of the  old Lorne m ine. I t  is s ta ted  
th a t  th e  to ta l indebtedness of th e  com pany 
is abou t to  be liqu idated  out of profits 
from  th e  operations th a t  have been in 
progress since F ebruary , 1932, and  th a t  a 
surp lus of abou t $250,000 m ay  be estim ated  
from  the  continuance of the  w ork w ith in  the  
lim its of th e  calculated  reserves on the  K ing 
vein, to  w hich th e  developm ent has been 
confined. The M ary Mac and  H ighland  
Boy groups, covering discoveries th a t  were 
m ade recen tly  by  George M orrison, have 
been bonded by  a V ancouver syndicate 
and developm ent w ork has been com m enced 
under the  superin tendence of Jo h n  M orrison. 
In  appreciation  of the  possible im portance of 
th is  discovery, as ind icating  an  extension of 

• th e  gold-bearing area  of th e  B ridge R iver 
d istric t, the  M inister of Mines au thorized  a 
special v isit of inspection by  the  residen t 
engineer. I t  is understood  th a t  th e  fu rthe r 
developm ent of th is  cam p, w hich is s itu a ted  
a t a d istance of about 10 miles n o rth  of the 
P ioneer m ine, is fully  w arran ted .

Portland Canal.— The d rive on the 
south-w est vein on th e  p ro p erty  on Georgia

R iver Gold Mines, L td ., had  been ex tended  
to  a d istance of 325 ft. from  th e  po in t at 
w hich th e  vein  w as in te rsec ted  by  th e  cross­
cu t from  th e  B ullion tu n n e l w ork ings, when 
opera tions were suspended  for th e  w inter. 
I t  is s ta te d  th a t  com m ercial ore w as found 
along th e  whole ex ten t of th is  d rive  w ith  the 
exception  of tw o sm all b reaks. T h is develop­
m ent is said to  be th e  m ost im p o rta n t tha t 
has been carried  ou t du ring  th e  p ro trac ted  
exp lo ra tion  of the  vein system  and  indicates 
a  probable tonnage of considerable am ount, 
w ith  backs on th is  vein  of ab o u t 450 ft.

A tlin.— Follow ing th e  encourag ing  report 
of Dr. F. A. K err, of th e  Geological Survey, 
in w hich possib ilities were ou tlined  for the 
occurrence of h igh-grade gold deposits in an 
ex tensive zone, th e  W h itew a ter g roup  has 
been bonded by  A laska Ju n e a u  Gold Mining 
C om pany an d  it  is rep o rted  th a t  an  in itial 
p ay m en t of $2,000 has been m ade. An option 
on th e  p ro p e rty  w as ceded recen tly  by 
N oah T im m ins Inc. a f te r  a ce rta in  am ount 
of ex p lo ra to ry  w ork  h ad  been done.

Cariboo.— Milling opera tions have been 
com m enced a t  th e  p ro p e r ty  of th e  Cariboo 
Gold Q uartz  M ining Co. an d  keen speculative 
in te res t is being m an ifested  in  th e  under­
tak ing , upon  th e  success of w hich th e  proof 
of th e  econom ic value of th e  lode-gold 
deposits of th e  B arkerv ille  a rea  are believed 
to  depend. I t  is rep o rted  th a t  a  n in th  
vein has been encoun tered  in th e  cross-cut 
tunnel, from  w hich sam ples tak en  across a 
w id th  of 6 ft. have assayed  $15 per ton  in 
gold. Cariboo C onsolidated Gold Mines, L td., 
w ith  h ea d q u arte rs  in V ancouver, h as  been 
form ed to  acquire p ropertie s s itu a te d  in the 
im m ediate neighbourhood of Barkerville 
and  on th e  easte rn  end of th e  gold belt, in 
th e  C unningham  Creek section. The 
properties were acqu ired  from  th e  Rew ard 
M ining Com pany, of V ancouver, th a t  has 
been conducting  ex p lo ra to ry  w ork during 
th e  p ast year, from  w hich encourag ing  results 
were ob ta ined . T hese p ropertie s  were 
am ong th e  first to  a t tra c t  a t te n tio n  to  the 
lode-gold possibilities of the  area  and  several 
a ttem p ts  were m ade in shallow  w orkings to 
open up  ore-shoots a t th e  in te rsec tion  of the 
tw o series of veins th a t  were classified 
subsequen tly  by  th e  la te  D r. W . L. Uglow as 
th e  A and B ”  veins. A sm all stam p- 
m ill was erected  w ith  th e  assistance of the 
G overnm ent in  1865. T hese ea rly  workings, 
as well as subsequent a tte m p ts , were not 
successful in outlin ing possibilities of p rofit­
able operation , due, as now  appears, to  the
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fact th a t  insufficient dep th  w as a tta in ed . 
I t  is repo rted  th a t  developm ent w ork on a 
scale sim ilar to  th a t  carried  ou t b y  Cariboo 
Gold Q uartz  M ining Co. has been com m enced 
by  a  new  organization  called Cariboo 
Y ankee Belle M ining Co. on claim s s itu a ted  
on Y a n k ’s Peak, betw een B arkerville and  
K eith ley . In  th e  early  days of m ining 
surface prospecting  was active in th is 
section, where num erous outcrops of veins 
of vary ing  w id th  occur. The p resen t operators 
are driv ing  a  1,000-ft. cross-cut tunnel, in 
which it  is an tic ipated  th a t the  principal veins 
will be in tersected  a t a dep th  of approx i­
m ately  750 ft. below surface.

Sheep Creek.— The M otherlode mill of 
Reno Gold Mines, L td ., has been p u t in to  
operation w ith  an in itia l capacity  of 75 tons 
per day. I t  is s ta ted  th a t  the  perform ance 
is en tirely  sa tisfactory  and  th a t  a  good 
recovery is being m ade. The ore from  the  
Reno m ine th a t  is being m illed is s ta te d  to  
be of higher grade th a n  th a t  form erly  
trea ted  in the  old mill. The com pany has 
every prospect of successful operation , ore 
reserves having been added to  sub stan tia lly  
in developm ents from  the  5 th  level since 
production  was suspended last F ebruary . 
I t  is understood th a t p reparations for the 
deep-level developm ent on th e  Gold B elt 
p roperty  have been com pleted and  th a t 
active w ork is to  be com m enced fo rthw ith  in 
d riv ing  a long cross-cut tunnel w ith  a view 
to in tersecting  the  four veins th a t  have been 
exposed a t surface in an  extensive system  of 
trenching and  open-cutting. Carload sh ip ­
m ents from  th e  K ootenay  Belle p ro p erty  
since the  w orkings were reopened in 
Septem ber last by  th e  owners, F . M. Black 
and associates, of Vancouver, are said to  have 
reached an am ount of 235 tons, hav ing  a 
to ta l value of around  $7,800. The to ta l 
am ount of ore th a t  has been taken  ou t of the  
No. 2 tunnel workings is given as 724 tons, of 
an average value of $47'35 per ton. W ork, 
which was suspended during  severe w eather 
conditions in Decem ber, has been resum ed.

Ym ir.—The G oodenough, ad join ing the  
old Y m ir m ine, on W ild H orse Creek, has 
been bonded by  a  V ancouver syndicate and 
a program m e of deep developm ent w ork is 
to  be p u t in hand. D uring  th e  pas t year the 
owners have been carry ing  on some useful 
exp lo ra to ry  w ork, in th e  course of w hich an 
am ount of 407 tons of ore has been shipped 
to  the  T ra il sm elter in carload lots. Some 
valuable inform ation  was also ob ta ined  in 
regard  to  th e  p itch  of th e  ore shoot from  
w hich th is  ore was taken , disclosing, i t  is

understood , a ttra c tiv e  possibilities of 
developing a considerable tonnage. The 
Goodenough showings are located  on the 
opposite side of a fau lt zone to  th a t  on w hich 
th e  Y m ir vein was w orked. I t  will be 
rem em bered th a t  the  bonanza ore shoot on 
th is  vein was responsible for an  am ount of 
abou t 350,000 tons of ore th a t was passed 
th rough  th e  Y m ir stam p-m ill. T his ore 
shoot was abou t 480 ft. long, was stoped 
over a  w id th  of 40 ft., and  ex tended  down 
to  the 500-ft. level, below w hich the  vein 
was found to  be strongly  defined, b u t values 
were p ractically  absen t. Y m ir Gold Mines, 
L td ., d istribu ted  an  am ount of approxi­
m ate ly  $300,000 in d ividends to  share­
holders. The ore on b o th  properties consists 
of pyrite , zinc blende, and  galena, in a qu artz  
gangue filling fissure veins in the  Pend 
d ’Oreille schists.

Lillooet. -The p ro p erty  of Anderson Lake 
Mining and  Milling th a t  w as active some 
years ago in developing large bodies of 
q u a rtz  on M cGillivray Creek, w ith  a lim ited  
production  from  a sm all stam p-m ill, has 
been acquired by  the  N ational Gold Mining 
Syndicate, of V ancouver. T his organization 
has been form ed on th e  in itia tive  of T. A. 
B re tt for th e  purpose of opening up  the mine. 
Mr. B re tt was one of th e  original locators 
of th e  p ro p erty  some 20 years ago and  has 
been in terested  in it ever since, believing th a t 
there are possibilities of profitable operation 
of the  low-grade ore. The com pany milled 
a  few thousand  tons of the  ore from  a  20-ft. 
vein, upon w hich tw o tunnels were driven, 
and  a  rise p u t up  to  th e  surface. Mr. B re tt 
was h im self in charge of th e  la st m illing 
w ork, w hen it  is claim ed th a t  an am ount of
2,000 tons was trea ted  w ith  a  recovery of 
around  $4 per ton. An a ttrac tiv e  fea tu re  of 
th e  ore-bodies is in connexion w ith  the 
occurrence of seam s and  pockets of extrem ely  
rich ore showing free gold. Two years ago 
th e  m ine w as reopened by  A. F. Noel and 
associates and  a  th ird  tunnel was extended 
for a  short distance, encountering  one of 
the  high-grade occurrences, from  which a 
sm all am ount of spectacu lar sam ples was 
obtained. The deposit has been described 
as rep resen ting  q u artz  Filings in a  zone of 
shearing and  foliation in  argillites. In  the 
No. 2 tunnel, from  w hich m ost of th e  ore 
was draw n, th e  q u artz  is found to  die ou t in a 
pronounced folding of the  form ation , w ith in  
a few feet of a  rise th a t  was carried  up  on a 
20-ft. vein, and  it appears th a t  th e  d ip  of the  
ore-body is reversed below th is  level. On the  
o ther hand , surface exposures ind icate g reater
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persistence of th e  ore-body and  n a tu ra l 
facilities for developm ent b y  a d it tunne ls 
are good. The p ro p e rty  is s itu a te d  a t a 
d istance of four m iles from  th e  trac k  of th e  
Pacific G reat E astern  Railw ay, w hich follows 
the  shore line of A nderson Lake.

Boundary.— R eports are received of the 
discovery  of ore assaying $16 per ton  in gold 
from  exp lo ra to ry  w orkings around th e  old 
copper m ines of th e  P hoenix  cam p. The 
claim  is m ade th a t  th is  ore occurs in 
b reccia ted  volcanic rock and  no t in the  
a lte red  lim estone w ith  w hich the  form erly- 
p roductive ore-bodies were identified. The 
Phoenix  m ines, w hich rep resen ted  one of the  
largest copper resources of the  Province, were 
abandoned  following th e  cessation of w ork 
by  th e  G ranby  com pany in  th e  B oundary  
co u n try  some years ago. The ore-bodies, 
carry ing  an average con ten t of abou t 1-6% 
copper, w ith  values of abou t $1 in  gold, were 
rep lacem ents in  iso lated  sections of a 
con tac t-m etam orph ic zone of lim estone 
bordered by  a jaspero id  form ation . E x ­
haustive  exp lo ra tion  is said to  have defined 
th e  ex ten t of these ore-bodies. In te rbedded  
fine-grained tuffs have been recognized as an 
original fea tu re  of th e  lim estone beds, as 
well as in the  h igh ly  silicified jasperoid  
form ation, and  brecciation of th e  lim estone 
was alw ays recognized as being favourable to  
th e  m ineralization. The discovery, therefore, 
of the  gold values in b reccia ted  tuffs m ay  
p o in t to  selective action  and  provide guidance 
to  prospecting  for associated bodies of gold 
ore. I t  is said th a t  one no tab le  d iscovery 
was m ade on th e  80-ft. level of th e  old 
B rooklyn m ine, where a  sam ple taken  across 
6 ft. assayed $16 per ton , and  th a t  some 
com paratively  h igh-grade ore has  also been 
found in prospect w orkings from  th e  old glory 
hole. Gold values in q u a rtz  veins are also 
repo rted  on th e  W inner g roup of claim s, 
located  tow ards th e  sou th -east of th e  tow n 
of Phoenix.

Rock Creek.— W. G. W ilkins, of P en tic ton , 
is reported  as s ta tin g  th a t  th e  w ork carried  
out b y  the  local com pany, R ock Creek Mining 
and  D evelopm ent, during  th e  p as t season 
has afforded encouragem ent to  its  fu rth e r  
p rosecution and  th a t  plans for m ore ex tended  
operations will be p u t in to  effect th is  year.

Vancouver.— Satisfaction  is expressed  
w ith  th e  recen t decision to  renew  th e  pow er 
of th e  D om inion A ssay Office to  purchase gold 
in  te rm s of U n ited  S ta tes  funds. Follow ing 
th e  em bargo upon th e  ex p o rt of gold, such 
producers as w ere n o t in a  position  to  avail 
them selves of th e  prem ium  th a t  is paid  by

th e  R oyal M int in O ttaw a or w ere o th er­
wise d eb a rred  from  rea liza tion  of th e  full 
value of th e ir  gold were severely  handicapped  
and  strong  rep resen ta tio n s w ere m ade on 
th e ir  behalf, in w hich it  w as p o in ted  ou t th a t 
th e  en ta iled  d isab ility  o p era ted  adversely  to 
th e  in te res ts  of p rospecting .

PERSONAL
E. H . A c k e r m a n n  has le ft N o rth e rn  Rhodesia 

an d  is now  in  B echuanaland .
C l i n t o n  B e r n a r d  has re tu rn e d  to  th e  U nited 

S ta tes.
A .  O .  B r o w n  h a s  l e f t  f o r  P o r t u g a l .
J a m e s  W .  C a i r n s  is re tu rn in g  from  N orthern  

R hodesia.
J a m e s  C a l d w e l l  h a s  re tu rn e d  to  Mexico.
A. W . Clark  has left Sou th-W est Africa for 

Johannesburg .
P .  C. C o l l i n s  i s  n o w  i n  G o l d  C o a s t  Colony.
C a r l  D a v i s  has re tu rn ed  from  W est Africa.
H . W . H a l t o n , is re tu rn in g  from  B urm a.
J. A. L .  H e n d e r s o n  i s  h o m e  f r o m  C anada.
G. V. H o b s o n  has le f t  fo r B urm a.
R . R . K n u c k e y  i s  hom e from  T urkey .
H . R . M a c k i l l i g i n  has le ft fo r N igeria.
L. A. M a y o  is re tu rn in g  from  N o rth e rn  Rhodesia. 
G e o r g e  C. R i l e y  is he re  from  C anada.
H u g h  S a n d y s  h a s  l e f t  f o r  K e n y a .
J. H . S o u t h w o o d  has re tu rn e d  to  S ierra  Leone. 
R .  B .  T a s k e r  has le f t  South-W est A frica  and  is 

now  in  Johannesburg .
S. S. W e b b - B o w e n  has le ft for Greece.
W . W h y t e  has re tu rn e d  from  W estern  Australia. 
A. S t a n l e y  W i l l i a m s  is hom e from  Nigeria.
A. S. W i n t h e r  i s  h e r e  f r o m  R h o d e s i a .
H a r l e y  B. W r i g h t  has le ft fo r th e  Sudan.

F r a n c i s  W i l l i a m  P a y n e , who d ied  on January  
15, a t  th e  age of 68, w as a  p ro m in en t figure in 
th e  dredge-m ining industry . A fter serving his 
apprenticeship  in  engineering in  th is  country, 
Mr. Payne w ent to  New Z ealand some 40 years ago, 
a t  th e  beginning of th e  gold ru sh  in  th a t  country. 
The dea th  of h is b ro th er R aym ond led to  Mr. 
P a y n e ’s pe rm an en t re tu rn  to  th is  co u n try  in  1920 
to  tak e  contro l of th e  London office an d  since then 
more th a n  50 dredges have  been constru c ted  to  the 
firm ’s design. Mr. P ayne  w as a m em ber of the 
In s titu tio n  of M ining an d  M etallurgy and  a t  the 
tim e  of h is d ea th  w as on th e  Council. I t  is probably 
n o t generally  know n th a t  Mr. P ay n e  an d  Mr. 
E dw ard  W alker, fo rm erly  ed ito r of th e  M a g a z i n e , 
were schoolfellows.

M a l c o l m  R o b e r t s , who died on Ja n u a ry  13, was 
p rom inen tly  associated  w ith  th e  operations of the 
A ram ayo p roperties in Bolivia. A fter graduating 
from  th e  R oyal School of Mines in  1890, Mr. Roberts 
becam e jun ior engineer to  th e  London County 
Council. In  1892, how ever, he proceeded to  Bolivia 
to  join th e  Com panie G uadalupe de Bolivia and 
from  1894 to  1903 was a ssis tan t m anager and  mine 
m anager to  th e  Com panie Oploca de Bolivia. It 
was in  1907 th a t  Mr. R oberts began his association 
w ith  th e  A ram ayo group, being appo in ted  m anager 
of th e  T asna Mines of th e  A ram ayo F rancke  Mines, 
L td ., subsequently  becom ing general m anager of 
th e  com pany and  finally consu ltan t. Mr. R oberts 
was a  M em ber of th e  In s titu tio n  of M ining and 
M etallurgy.



F E B R U A R Y , 1933 103

'ere otlf
t h e  I  

raivdicapp, 
* made 
Mont (it 
adversely

rtiera Kmj.,

1 to He ft»

gal.
from Hâtif 

io Meàco.
West Africa

ast Colonv. 
West Africa, 
o  Bnxma.
)m Canadi 
a.
Turkey, 

Cigeria. 
'ithera Rhofc 
anada. 
a.
to Sierra Le : 
est Africa at:

Ireece. 
lestera AdSl 
from Nigeria 
xfesia.
:he Sudan,

died on Jane
imitent ipm 
ter serving ■ 
a this toe 
>me 40yeais- 
in that coir 
tond led to ! 
country in I! 
e and since 4 
instructed to i 
member oi ■ 

ugy and at: 
¡1. Itisp#
Payne and; 
if tire MiGt®

ie  B oll'11 
his assocńt 
u ted manat 

rancke ß  

manag® 
Air. Ra**1'
mine **

TRADE PARAGRAPHS
H e n r y  B a th  a n d  S o n ,  Ltd.,  of 37, Lim e S treet, 

London, E.C. 3, issue th e ir  custom ary ch art showing 
the  average m onth ly  cash prices of s tan d ard  copper, 
t in , G.M. spe lte r, and  soft foreign lead.

W alter  H o en e ,  of 78, B ezuidenhout, The Hague, 
H olland, publish  a leaflet giving particu lars of th e ir 
light railw ay equipm ent, which includes locom otives 
an d  rolling stock, rails, trackw ork, m ining and  
o th e r tip p in g  wagons, etc.

A u st in  H oy and  Co.,  Ltd.,  of B ush H ouse, 
London, W.C. 2, have published a fully-illustrated  
booklet on  th e  subject of im provem ents to  th e  
cu ttin g  end  of chain-machines, which describes 
in  considerable deta il th e  essential features of th e ir  
B ritish-built coal-cutters.

J a m e s  G ord on  and Co., Ltd.,  of W indsor 
House, Kingsway, London, W.C. 2, have prepared  a 
leaflet describing th e ir  reducing valves for steam , 
air, gas, and  w ater. The valves m ay  be e ith e r spring  
o r weight loaded and there  a re  tw o typ es in each 
case, each being fully described to g eth e r w ith  cross- 
sectional elevations.

th e ir  specialties, which include sh aker conveyor 
d riv ing  gears, d riv ing  heads and  fram es for belt 
conveyors, com pressed-air shaker engines, gate-end 
loaders, pneum atic  stow ing m achines, hoists, com ­
pressed-air co n stan t ty p e  an d  electric in-bye 
v en tila tin g  fans, d rill steel, and also Meco tubes for 
aux iliary  ven tilation . Belting, b e lt fastening, hose, 
and  suchlike can also be obtained from  th e  firm.

Lead W ool Co.,  Ltd., of Snodland, K en t, have 
placed on th e  m ark e t a  new  portab le  air-com- 
pressor, th e  essential feature  of which is th a t  two 
Ford engines have been used for th e  outfit, one 
hav ing  been converted  in to  a compressor. Thus 
m ost of th e  spare p a rts  for engine and  compressor 
are available th roughout th e  world. The actual 
pow er u n it  is th e  Ford  industria l u n it, Model A.B. 
The p iston  d isplacem ent of th e  compressor is 
115 cu. ft. of free a ir  p e r m inu te  suitable for 
pressures up  to  100 lb. p e r sq. in.

S ir  Isaac  P i t m a n  an d  S o n s ,  Ltd.,  of P a rk e r 
S treet, K ingsway, L ondon, W.C. 2, publish p a rts  7, 
8, and  9 of th e ir  Engineering Educator. P a rt 7 
continues th e  subject of applied m echanics and goes 
on to  th e  consideration of engineering m aterials, 
th e ir  te s tin g  and  properties, and begins th e  subject

G e c o  E l e c t r i c  S a m p l e r .

M orse  Chain  Co., Ltd.,  of L etchw orth , H e rts , 
have ju s t p repared a new  brochure dealing  w ith 
Morse flexible couplings su itable for all k inds of 
power transm ission. The coupling is of th e  chain 
and  sprocket ty p e  and  is m ade in  a num ber of 
standard  sizes, while th e  m akers are prepared 
to  supply any  requ irem ents w hether w ithin the  
standards or not.

E v e rsh ed  and V ign o les ,  Ltd.,  of A cton L ane 
W orks, Chiswick, L ondon, W . 4, send ou t some 
notes w ith regard to  th e  resistance to  ea rth  of large 
power transm ission tow ers, w ith  p a rticu la r reference 
to  th e  grid system  of th e  C entral E lectric ity  Board 
in th is country. The purpose of th e  no tes is to  
illustra te  the  use of th e  “ M egger ” e a rth  te s te r  for 
m easuring these resistances.

R u b b e r  G r o w e r s ’ A s so c ia t io n ,  Inc.,  of 2, 3, and 
4, Idol Lane, E astcheap, London, E.C. 3, issue a 
revised and  enlarged edition  of “ R ubber L a tex ,” 
which is w ritten  by th e  A ssociation’s consulting 
chem ist in  collaboration w ith  an o th er chem ist. 
M ining m en who are in te res ted  in th e  m echanical 
p roperties of rubber will be in te res ted  in  read ing  the  
book and  especially those sections which deal w ith 
th e  em ploym ent of rubber for covering screens and 
o th e r m eta l surfaces sub jected  to  severe abrasion.

M in in g  E n g in e e r in g  Co.,  Ltd., of Meco W orks, 
W orcester, issue a booklet drawing a tten tio n  to

of repea ted  stresses in  m aterials. In  p a rt 8 is 
com m enced th e  subject of pow er transm ission by 
belting , which is followed b y  pow er transm ission  
by  chains and  th en  by a ch ap ter on gearing. In 
p a r t 9 is th e  com m encem ent of th e  sub ject of ball 
and ro ller bearings and  also of lubrication.

G e n e r a l  E n g in e e r in g  Co., Inc.,  of A delaide 
House, L ondon, E.C. 4, have developed th e  “ Geco ” 
electric sam pler, which is illu stra ted  here. This 
has been evolved to  fulfil th e  requirem ents of a 
m achine in tended  for tak in g  w et and  d ry  sam ples in 
all so rts of continuous processes. As shown in  th e  
illustra tion  i t  is w ithout its usual dust cover, which 
affords an  o p p o rtu n ity  of referring  to  its essential 
com ponents. The electric m otor is connected by 
m eans of a flexible coupling to  suitable reduction  
gearing, th rough  which th e  sp rocket is driven . The 
chain over th is  sprocket is connected  to  an  idle 
sprocket, ru n n in g o n  an  axle w ith  adjustable tension. 
The carriage, on which th e  arm  carry ing  th e  sam ple 
c u tte r  is suspended, is operated  by th e  connecting 
rod. The electric tim e-sw itch actuates a single-pole 
m agnetic  co n tacto r sw itch, th rough  which th e  
m otor is energized, while lim it switches cu t off th e  
cu rren t a t  each end of th e  stroke. The tim ing  switch 
usually supplied is one designed for standard  
a lte rn a tin g  grid circuits and  consists of a Telechron 
m otor, giving th e  tim e in te rv a l required w ith

QP.MA/H SWTÎCH 
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re liab ility  and  precision. Sam ple cu tte rs  of all 
kinds suitable for th e  work in hand  can convenien tly  
be a ttach ed  to  th e  arm .

R e n o ld  and  C o v e n tr y  C h a in  Co.,  Ltd.,  of
R enold  W orks, D idsbury, M anchester, are sending 
ou t the  new est edition  of th e ir  catalogue of s tan d ard  
chains for all transm ission  purposes. This is p rin ted  
in  four languages and  conta ins num erous references 
to  th e  applications of chain drive. C ertain  price 
reductions on previous years have been effected and, 
in add ition , a space reduction  of 50% has been 
achieved by th e  increased  use of duplex  and  tr ip le x  
chains, th e  u tiliza tion  of which provides drives 
for th e  h igher speed range of electric m otors now 
com ing in to  favour.

R a n s o m e s  and R a p ie r ,  Ltd.,  of W aterside  Iron  
W orks, Ipswich, rep o rt th a t  th ey  have received an 
order from  Stew arts and  Lloyds, L td ., for a  large 
m echanical excavato r to  be used for rem oval of 
overburden  in  th e  Corby (N ortham ptonshire) 
ironstone field in connexion w ith  th e  schem e for 
producing basic Bessem er steel, to  which reference 
has a lready  been  m ade in  th e  M a g a z i n e .  The 
shovel, w hich i t  is understood  will be th e  largest 
of its  k in d  used in  E urope an d  which is certa in ly  
th e  largest y e t to  be m ade in th is  country , will be of 
9 cu. yd. b ucket capacity , w ill weigh 500 to n s, and 
will have an  active  radius of 100 ft. and  a height 
of 68 ft. The shovel will be designed to  tu rn  th rough  
a com plete circle in  40 seco n d s; th u s 11 to n s  of 
m ateria l will be lifted  70 ft. and  tran sp o rted  70 yds. 
every  m inute .

D e n v e r  E q u i p m e n t  Co.,  of 1419, 17th S treet, 
Denver, Colorado, U.S.A., send leaflets draw ing 
a tte n tio n  to  th e ir  portab le  m ills, which are m ade in 
various sizes to  su it th e  sm all operato r, and  to  
which a tte n tio n  has a lready  been d irected  in  these

D e n v e r  M e c h a n i c a l  G o l d  P a n .

colum ns. A no ther leaflet draws a tten tio n  to  th e ir 
m echanical gold pan, which again is devised for the  
sm all opera to r and is w orked by m eans of a f h .p .  
petro l engine. This is illustra ted  in th e  photograph 
reproduced here. The principle of the  m achine is 
sim ple in th a t  it  utilizes th e  sam e m otion th a t  for 
years has m ade the  gold p an  famous. This is 
secured by  slightly  tiltin g  th e  nest of pans, the  
shaking m ovem ent being obtained by  a steel yoke 
and  saddle connected to  a ro ta tin g  eccentric. The 
petrol engine is large enough to  drive also a sm all

pum p furnishing all th e  w ater th a t  is necessary for 
the  operation  of th e  pan. T heir larger units, 
specialy su itab le  for th e  trea tm e n t of th e  product 
from  all types of gold p lacer m ining, a re  also 
described.

M E T R O P O L I T A N - V I C K E R S  

D E V E L O P M E N T S

M etropolitan-V ickers E lectrica l Co., L td ., of 
T rafford P ark , M anchester, have issued their 
custom ary  re p o rt of th e  y e a r’s operations.

Electric W inders.— The developm en ts in  control 
and  p ro tec tion  of electric  w inders w hich have been 
m ade by  th is  com pany  in  p a s t y ears are now 
becom ing know n to  m ining engineers and  a fair 
num ber of o rders em bodying these  developm ents 
have been received. E ig h t e lectric  w inders for 
export, each w ith  a nom inal ra tin g  of 1,000 h.p. or 
over, are in  h and  o r com pleted , to g e th e r w ith a 
nu m b er of sm aller equ ipm ents. The equ ipm ent at 
th e  W atn all Colliery of Messrs. B arb er W alker and 
Co. was referred  to  in  th e  Feb ru ary , 1932, issue of the 
M a g a z i n e  and  th e  hydrau lic  slip  reg u la to r which 
m akes i t  possible to  use a synchronous m otor in 
th e  W ard-L eonard-Ilgner m otor-generator se t that 
drives th e  w inder m otor. In  th is  case th e  circum­
stances are such th a t  an  increase  of o n ly  14% in the 
to ta l k .v .a . dem and of th e  colliery was experienced, 
w hereas if an  o rd in a ry  indu ctio n  m o to r had been 
in sta lled  th e  increase would have been a t  least 40%.

A n o ther in te res tin g  in sta lla tio n  w hich has been 
pu t to  w ork d u rin g  th e  p a s t y ea r is a t  th e  N ’Kana 
C opper Mines, N o rth e rn  R hodesia. T here  are two 
w ind ing  m otors, each of 1,350/2,700 h.p. and  each 
driven  by a separa te  W ard-L eonard  fly-wheel motor 
gen era to r w ith  hydrau lic  slip  regu la to r. E ach set 
consists of a  synchronous in d u ctio n  m oto r of
1,000 h.p. d riv ing  a  g en era to r of 950 k.w. At 
p re sen t th e  w ind is to  a d e p th  of 1,200 ft., b u t this 
is to  be doubled in  th e  fu tu re , w hen an  additional 
w inding-m otor will be added  to  each drum  and a 
fu rth e r W ard-L eonard  se t supplied  to  d rive  it.

Several com ple te ly -au tom atic  w ind ing  equip­
m ents have been supplied to  th e  m ines a t  Broken 
H ill, A ustralia . Some of th ese  equ ipm en ts are 
designed to  ho ist from  eleven d ifferent levels, the 
m axim um  d e p th  being  2,800 ft. w ith  a  rope speed 
of 62 ft. p e r  second. The o p eration  is by  m eans of 
push b u tto n  from  an y  of th e  levels and  th e  winding 
cycle is carried  ou t au tom atica lly .

I t  m ay be m en tioned  here th a t ,  while th e  firm 
have n o t in te res ted  them selves in  th e  contro l of 
steam -driven  w inders, m an y  of th e  sa fe ty  devices 
and  m ethods th a t  have been developed  w ith  such 
success for electric  w inders a re  applicable. An 
investigation  of several steam -opera ted  w inders in 
L ancashire  has shown th a t  such dev ices will (1) in 
all cases effectively p re v en t overw ind u n d er any 
circum stances, (2) in  all cases p re v en t th e  equipm ent 
being s ta rted  in th e  w rong d irec tion  w hen th e  cage 
is a t  bank , (3) in  som e cases increase  th e  output,
(4) in some cases reduce fa tigue on th e  driver 
considerably , (5) in  some cases allow control 
m echanism  to  be sim plified considerably , and 
(6) in som e cases m ake possible increased life of the 
ropes an d  reduced w ear and  te a r  on b rakes, etc.

R esearches have been  m ade in  th e  firm’s 
laboratories on th e  c rysta llization  of m aterials 
sub ject to  stresses of various k inds and  th e  tim e is 
fa st approaching w'hen it  will be possible to  apply
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th e  knowledge gained to  th e  problem  of w inding 
ropes. I t  seems probab le  th a t  th e  au tom atic  
arrangem ents referred  to  above, by  keeping th e  
m axim um  stress to  a know n figure, will m ake winding 
in deeper vertica l shafts practical and  thus enable 
great econom ies to  be m ade in cases w here th e  
w inding has h ith e rto  had to  be carried  o u t in two 
stages.

Blast Furnaces.— A com pletely  au tom atic  blast- ■ 
furnace equ ipm ent for th e  W orkington Iron  and 
Steel Co., supplied th rough  John  M ilburn and  Co., 
and th e  W orkington Bridge and  Boiler Co., has 
been p u t in to  full commission an d  is operating  
satisfactorily . The equ ipm ent comprises autom atic  
control and  sequence of th e  hoist m otor, sm all and 
large bell-operating  and  revolving d is trib u to r gear, 
and raising and  lowering of th e  sounding rods. The 
operations are sequenced and  are s ta rte d  by  a push 
b u tton . The sam e com pany have also ordered  
control gear for a vertical horizon tal charging 
gan try  for tw o furnaces. This gear contro ls th e  
raising, traversing, and  lowering on to  furnace top  
of a charging bucket. Signal lam ps indicate its 
position to  th e  driver. The S taveley Coal and 
Iron Co. have operating  a sequencing gear for the  
bells and d is tribu to r and  sounding rods for a 
steam -driven hoist, which gear has been supplied 
th is year.

Welding— D uring th e  p ast year an  en tire ly  
autom atic atom ic hydrogen arc-w elding m achine 
has been developed. In  th is m achine th e  leng th  of 
arc is kep t constan t by a m otor which is controlled 
by relays and feeds th e  electrode forw ard when the  
arc is too long and  reverses when it is too  short. 
The traversing  m ovem ent is sim ilar to  th a t  em ­
ployed in  th e  ord inary  arc-welding equipm ent. 
A com plete stra igh t seam  au tom atic  arc-welding 
m achine equipped w ith tw o heads on  a trave l 
carriage has been supplied to  an order. The m achine 
is of th e  beam  type  and is capable of accom m odating 
tan k s  10 ft. long by 10 ft. in  d iam eter. The same 
firm has also been supplied w ith a circular w elding 
m achine which will tak e  tan k s  of the  sam e diam eter. 
M otor generators for supplying th e  welders were 
also p a rt of th e  con tract, which included erecting  and 
connecting  up the  p lant.

A m achine has been developed for au tom atic  
welding which uses a covered electrode. I t  is the  
developm ent of th is electrode, which has a braided 
covering in which th e  flux is pressed in to  the  
interstices of th e  weave th a t  has m ade th is 
machine a possibility. The results obtained are a 
much higher welding speed and  a b e tte r  qua lity  of 
deposited m etal. The covering has great m echanical 
streng th  and  th e  m ethod of app ly ing  th e  flux ensures 
th a t it shall n o t flake off when passing th rough  the  
feed rollers. The welds m ade w ith th is  electrode 
are strong  and  ductile  and  th e  ra te  of deposit is more 
rapid th an  w ith an y  o th e r rods. This m ay be due 
to the  covering being of th e  gas shield type, which 
enables th e  arc energy to  be increased. T here is ro  
objectionable slag and  th e  weld is consequently  
very  easy to  clean. The electrodes are suitable for 
bo th  vertical an d  horizontal welding.

A no ther new  developm ent is a low-voltage 
genera to r for m ulti-operator sets. One of these 
sets is supplying th e  m ulti-operato r w elders in th e  
firm 's works v ery  successfully and w ith a greatly  
increased efficiency. The voltage on open circuit is 
of th e  o rder of 35 to  40. This low voltage has been 
m ade possible bv  th e  use of a special reac to r which 
gives s tab ility  to  th e  arc under all cu rren t conditions.

METAL MARKETS
C o p p e r .— On balance, th e  copper m ark e t was 

fairly  steady  during January . N aturally , there  
was considerable conjecture as to  w hat individual 
producers would do now th a t  th e  in te rnational 
agreem ent has lapsed, b u t the  general feeling seems 
to  he th a t  none of them  will em bark  on any  very 
am bitious schemes ju st yet, the  financial question 
and  th e  menace of the  big Am erican stocks probably 
providing sufficient discouragem ent. E lectrolytic  
m oved w ithin a sm all compass during th e  m onth 
and closed a t  abou t 5 cents per lb. c.i.f. Europe.

Average price of Cash S tandard  Copper : January , 
1933, ¿28 12s. ; December, 1932, ¿29 2s. 7Jd" ; 
January , 1932, /39  10s. Id. ; Decem ber, 1931, 
¿38 6s." 5d.

T i n .— Values had spells of weakness a t  various 
tim es during the  p ast m onth, support being w ith ­
drawn, b u t subsequently  they  recovered practically  
all th e  ground lost. The Jan u a ry  sta tistics, 
revealing a d im inution  of 1,500 tons in the  world 
visible supply, were d istinctly  favourable, bu t 
industria l dem and continued quiet. The Am erican 
industria l situation, on which the tin  m arket 
depends to  a considerable ex ten t, is slow to  improve.

Average price of Cash S tandard  T in  : January , 
1933, ¿145 15s. 1 Od.; Decem ber, 1932, ¿149 17s. 9-Jd.; 
January , 1932, ¿140 5s. 6fd . ; December, 1931, 
¿138 19s. 7d.

L e a d .— The lead m ark e t was no t particu larly  
well m aintained during Jan u ary  and th is  was only 
n a tu ra l in  view of th e  com parative dullness of 
demand.

Average m ean price of soft foreign lead : January , 
1933, ¿10 12s. l id .  ; Decem ber, 1932, ¿11 6s. 10d‘ ; 
January , 1932, ¿15 2s. l£d. ; Decem ber, 1931, 
¿15 5s. 5d.

S p e l t e r .—Values lost ground during January , 
a lthough considerable fluctuations were witnessed. 
The chief factor which weakened sentim ent was 
th e  fact th a t  producers were unable to  agree 
regarding the  proposed renewal of the  In ternational 
Zinc Cartel and th is  underm ined confidence. At 
the  m om ent of w riting it  is som ewhat uncertain  
as to  w hether the organization in question will be 
saved or not. Industrial dem and was quiet during 
th e  p ast m onth  bo th  in Europe and America.

Average m ean price of spelter : January , 1933, 
¿14 9s. 9d. ; December, 1932, ¿15 5s. 6Jd. ; 
January , 1932, /14  12s. 6d. ; December, 1931, 
¿14 11s. 9d.

I r o n  a n d  S t e e l .— The B ritish  pig-iron industry  
opened 1933 w ith a  cheerful tone, w ith  bo th  home 
and  export sales tending to  expand. An arrange­
m ent was arrived  a t  betw een Cleveland and 
M idlands producers aim ing a t  cu tting  ou t the  
previous severe com petition and  prices have been 
p u t on to  a delivered basis for the  hom e trade, 
No. 3 Cleveland being now quoted a t  62s. 6d. 
delivered for local delivery. For export th e  old 
quotation  of 58s. 6d. f.o.b. still rules. The B ritish 
steel industry  is showing d istinc t signs of im prove­
m ent, b u t th e  C ontinental steel m arket, a fter a 
tem porary  spu rt on heavy  F ar E astern  buying, 
has become quieter again.

I r o n  O r e .— Business has ta iled  off again, a fte r 
m aking a ra th e r b e tte r showing in December. Best 
Bilbao rubio is about 15s. to  15s. 3d. per ton  c.i.f.

A n t i m o n y .— Considerable in te rest has been
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LO N D O N  D A IL Y  M ETA L P R IC E S .
Copper, Tin, Zinc, and Lead per Long T o n ; Silver per S tandard O unce: Gold per F ine Ounce.

COPPER.
TIN . ZINC

(Spelter).S t a n d a r d .
E l e c t r o ­

l y t i c
B e s t

S e l e c t e d .
Cash. 3 Months. Cash. 3 M onths.

Jan . £ s. d. £ s. d. £ s. d. £ s. d. £ s. d. £ s. d. C s. d.
11 29 11 3 29 18 11 34 11 3 — . 147 6 3 147 18 9 14 16 3
12 29 5 71 29 11 101 34 10 0 — . 147 1 3 147 13 9 14 12 6
13 28 14 41 29 0 71 34 2 6 31 0 0 145 13 9 146 3 9 14 8 9
16 28 9 a 28 15 71 33 10 0 — 144 6 3 144 17 6 14 6 3
17 28 6 3 28 11 101 33 5 0 30 10 0 145 6 3 145 16 3 14 10 0
18 28 6 3 28 11 101 33 5 0 — 146 2 6 146 13 9 14 12 6
19 28 3 9 28 9 41 33 5 0 — 144 7 6 145 2 6 14 8 9
20 28 6 10} 28 13 11 33 5 0 30 5 0 145 1 3 145 13 9 14 3 9
23 28 16 101 29 1 101 33 5 0 — . 145 12 6 146 3 9 14 6 3
24 28 11 10» 28 17 6 33 0 0 30 10 0 145 13 9 146 3 9 14 6 3
25 28 14 a 28 18 11 33 0 0 — 146 18 9 147 8 9 14 7 6
26 28 11 101 28 15 71 33 0 0 — 146 16 3 147 11 3 14 2 6
27 28 11 3 28 16 3 33 2 6

oCO 10 0 146 8 9 147 2 6 13 11 3
30 28 5 7} 28 9 41 32 17 6 — 147 0 0 147 11 3 13 11 3
31 28 11 3 28 15 0 32 17 6 30 10 0 148 6 3 148 16 3 13 18 9

Feb.
1 28 7 6 28 11 101 33 0 0 — 148 11 3 149 8 9 13 18 9
2 28 11 3 28 15 0 32 17 C — 150 2 6 150 17 6 13 11 3
3 28 8 9 23 13 11 32 17 6 30 10 0 149 13 9 150 7 6 13 10 0
6 28 8 1} 28 13 9 32 17 6 — 149 16 3 150 8 9 13 13 9
7 28 9 41 28 14 41 32 15 0 30 10 0 149 13 9 150 1 3 13 15 0
8 28 11 101 28 15 71 32 17 6 — 149 0 0 149 8 9 13 15 0
9 29 1 101 29 6 101 33 5 0 — 149 13 9 150 2 6 14 0 0

S o f t

£  s. 
10 10 
10 12 
10 8 
10 10 
10 11 
10 7 
10 5 
10 5 
10 10 
10 10 
10 13 
10 10 
10 8 
10 10 
10 13

10 13 
10 11
10 12
10 10 
10 7 
10 7 
10 8

LEAD. SILV ER.

IN .
E n g l i s h . Cash. F or­

ward.

GOLD.

d . £ s. d . d . d. s. d.
0 12 0 0 165 1 6 # 122 8}
6 12 0 0 1 6 # n 122 8}
9 12 0 0 165 1 6 # 123 2
0 12 0 0 16} 1 6 # 122 8}
3 12 0 0 1 6 # 161 122 8
6 11 15 0 16s 1 6 # 123
0 11 15 0 1 6 # 17 122 11
0 11 15 0 1 6 # 1 6 # 122 10
0 12 0 0 1 6 # 17 122 7
0 12 0 0 175 1 7 # 121 7
9 12 0 0 1 7 # 17} 121 1}
0 12 0 0 1 7 # 17} 121 4}
9 12 0 0 17 1 7 # 121 5}
0 12 0 0 17 i 1 7 * 121 5
9 12 0 0 1 7 # 1 7 * 121 3}

9 12 0 0 17 1 7 * 121 21
3 12 0 0 16} 1 6 # 121 3}
6 12 0 0 16} 1 6 # 121 3'
0 12 G 0 1 6 # 16} 119 9
6 12 0 0 166 1 6 # 120 2
6 12 0 0 1ÜÏ 1 6 # 120 1Í
9 12 0 0 166 1 6 # 120 2

aroused by reports th a t  China proposes to  establish  
a local G overnm ent m onopoly on an tim o n y  and  
to  im pose a n  add itional 10%  ex port tax . So far, 
however, these  a re  unconfirm ed. A fter being 
very  firm  for a  tim e  prices a re  now ab o u t ¿24 c.i.f. 
for forw ard shipm ent from  China. English  regulus 
rem ains a t  ¿37 10s. to  ¿42 10s. p er ton .

A r s e n i c .— D em and is slow and  prices have eased 
as a  resu lt of selling com petition. M exican high 
grade is now ab o u t ¿19 c.i.f. w hilst Cornish w hite 
is a round  ¿19 10s. f.o.r. m ines.

B i s m u t h .— The official price is unchanged a t  
5s. p er lb. for 5 cwt. lo ts and  over.

C a d m i u m .— Only a  q u iet dem and is in  evidence, 
w ith  cu rren t q uo tations ab o u t Is. 7d. p er lb.

C o b a l t  M e t a l .— There is n o t m uch m oving, 
b u t th e  official price rem ains a t  7s. p er lb.

C o b a l t  O x i d e s .—D em and is only m oderate  and  
prices continue to  v a ry  according to  q u an tity . 
B lack stands a t  ab ou t 4s. 9d. to  5s. 2d. pe r lb., 
w ith  grey 5s. 4d. to  5s. 7d. per lb.

C h r o m i u m .—A bout 2s. 9d. pe r l b .  delivered is 
still quoted for 96 to  98% .

T a n t a l u m .— C urrent quotations rem ain  a t  
a round  ¿15 p er lb., a lthough  ra th e r m ore is asked 
for sm all lots.

P l a t i n u m .— D em and rem ains poor and  w ith  
increased com petition  am ong producers prices 
have eased to  ¿7 10s. p er oz. for refined m etal.

P a l l a d i u m .— T here is very  little  changing hands 
b u t quotations a re  unchanged a t  ¿4 to  ¿4 10s. 
per oz.

O s m i u m .— A bout ¿12 to  ¿12 10s. is th e  cu rren t 
quotation .

I r i d i u m .— T h e  m a r k e t  i s  d u l l  b u t  p r i c e s  a r e  
s t e a d y  a t  a b o u t  ¿ 9  1 0 s .  p e r  o z .  f o r  s p o n g e  a n d  
p o w d e r .

T e l l u r i u m .— A round 20s. p er lb. rem ains the  
cu rren t quotation , b u t sales are few and  far between.

S e l e n i u m .— H igh-grade b lack powder is w ithout 
change a t  7s. 8d. to  7s. 9d. pe r lb. (gold) ex 
warehouse.

M a n g a n e s e  O r e .— Business is still confined to  
occasional odd lots which are m ostly  for th e  B elgian

or French m arkets. Prices, however, keep very 
steady  a t  ab o u t 9£d. p er u n it c.i.f. for best Indian, 
and  8£d. to  9d. c .i.f. for 50 to  52%  washed 
C aucasian ore.

A l u m i n i u m .— T here ap p ears to  have been 
sligh tly  m ore business m oving recen tly  b u t pro­
ducers a re  still w orking a t  m uch below capacity. 
Prices are upheld a t  ¿100 less 2 %  delivered for 
ingots and  bars for th e  hom e trade .

S u l p h a t e  o f  C o p p e r .— The m ark e t has remained 
p re tty  s tead y  w ith  English  quo ted  a t  ¿16 10s. to 
¿17 per to n , less 5% .

N i c k e l .— Q uotations a re  affected b y  exchange 
m ovem ents, th e  cu rren t level being ¿245 to  ¿250 
pe r ton , according to  q u an tity . D em and recently 
has been ra th e r  be tte r.

C h r o m e  O r e .— Business rem ains on a  decidedly 
poor scale, b u t th ere  is no change in  prices, which 
are still ab o u t 80s. to  85s. p er to n  c.i.f. for good 
48%  R hodesian, and  100s. to  105s. c.i.f. for 55 to 
57%  New Caledonian.

Q u i c k s i l v e r .— There is not a g rea t deal moving, 
cu rren t quotations being ab ou t ¿10 5s. to  ¿11 per 
bo ttle , ne t, for spo t m etal.

T u n g s t e n  O r e .— The continued  a p a th y  of 
buyers has resu lted  in an  easier tendency , Chinese 
ore for forw ard sh ipm ent now being quoted  at 
9s. 9d. to  10s. p er u n it c.i.f., w ith  spo t w orth  very 
little  more.

M o l y b d e n u m  O r e .— Q uite a good demand 
continues w ith  quo tations now ab o u t 47s. 6d. to 
50s. pe r u n it c.i.f. for 85%  concentra tes.

G r a p h i t e . A round ¿16 to  ¿18 pe r to n  c.i.f. 
is quo ted  for 85 to  90%  raw  M adagascar flake and 
¿15 to  ¿17 c.i.f. for 90%  Ceylon lum ps.

S i l v e r . D uring Ja n u a ry  th e  u ndertone  was 
q u ietly  firm.^ Spot bars were 16^d. on Ja n u a ry  3, 
rising to  16Jfd. on Ja n u a ry  12 as th e  resu lt of some 
Chinese buying on a m ark e t largely  devoid of sellers. 
The in troduction  of th e  A m erican Money B ill on 
Ja n u a ry  24 w ith  its  clause for th e  rem onetization  
of silver caused a firm er tendency, a lthough  this 
clause was rejected. On Jan u a ry  31 spo t bars 
closed a t  H ^ 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.
January , 1932...................... 890,688 46,096 936,784
February .............................. 869,711 44,301 914,012
March .................................. 914,017 46,018 960,035
April .................................... 901,894 47,902 949,796
May......................................... 919,223 46,421 965,644
J u n e ....................................... 913,297 45,714 959,011
J u l y ....................................... 933,947 47,213 981,160
A u g u s t.................................. 943,174 48,148 991,322
S ep tem ber............................ 912,870 48,631 961,501
October ................................ 926,686 48,279 974,965
N o v em b e r............................ 930,085 48,631 978,716
December ............................ 931,749 48,869 980,618
January , 1933 ................... 919,125 48,332 967,457

TRANSVAAL GOLD OUTPUTS.

D e c e m b e r .

Treated
Tons.

Yield
Oz.

J a n u a r y .

Treated
Tons.

Yield
Oz.

B ra k p a n ...................
City Deep ...............
Cons. Main Reef . . .
Crown M ines.............
D aggafontein...........
D’rb ’n Roodepoort Deep
E ast Geduld ...........
E ast Rand P.M ........
G eduld.......................
Geldenhuis Deep . . .  
Glynn’s Lydenburg . . .  
Government G.M. Areas
Kleinfontein ...........
Langlaagte E sta te  . 
Luipaard’s Vlei . . . .  
Modderfontein N ew .. . .  
Modderfontein B ..  
Modderfontein Deep 
Modderfontein East 
New State Areas . . .
Nourse .....................
Randfontein ...........
Robinson Deep . . . .
Rose D e e p ...............
Simm er and Jack  . .
S p rin g s .....................
Sub N ig e l.................
Transvaal G.M. Estates
Van R y n ...................
Van Ryn Deep . . . .  
West Rand Consolidated
W est S p rin g s .................
Witw’tersr'nd (Knights) 
W itwatersrand Deep

112,500
80,000
70,200

279.000
46.800
50.000
63.300

159.000
85.000
70.500 

7,600
214.000

52.000
79.000
33.300

178.000
75.000 
44,900
76.000
90.000
71.000

246.000
96.000
62.000
77.800 
80,000
37.800
19.300
50.500
71.000
96.500 
80,600
72.000 
45,400

£163,772
21,504
24,492
91,023

£80,707
15,585
20,767
41,954
27,541
16,869
2,745

£406,591
£45,678

£105,121
8,320

62,732
20,273
20,820
22,088

£187,843
21,078

£309,848
28,054
13,050
22,383

£163,210
33,963

5,645
£48,258
£93,742

£107,328
£80,734
£57,189
£46,661

112,000
81,000
75.200

292.000
47.700
52.000
64.000

163.000
87.800
71.000 

7,700
209.000 

52,400
81.000
34.700

176.000 
77,500 
44,600
76.000
91.000
72.000

255.000
100.000

64.200 
83,100
79.200
37.800 
19,300
52.000
72.000
98.000
81.000 
73,000
46.800

£216,041 
21,256 
25,330 
91,264 

£110,768 
15,408 
21,456 
41,756 
27,218 
16,112 
2,636 

£578,927 
£10,115 

£147,557 
8,199 

59,107 
19,922 
19,182 
21,191 

£267,280 
20,476 

£436,376 
26,942 
12,650 
20,221 

£227,727 
33,941 

5,529 
£67,870 

£135,654 
£152,146 
£112,054 

£78,325 
£15,856

Values in  S.A . currency.

COST AND PR O FIT  ON T H E  RAND, E tc.

Compiled from official s tatistics published by the T ransvaa 
Chamber of Mines.

Tons
milled.

Yield 
per to n .

W ork’g 
cost 

per ton.

W ork’g 
profit 

per ton.

Total
working
profit.

October, 1931 2,870,800
s. d. 

27 8
s.

19
d.
3

s.
8

d.
5

£
1,210,743

November . . . 2,726,720 27 10 19 5 8 5 1,144,208
Decem ber. . . . 2,793,900 27 10 19 0 8 5 1,173,732
January , 1932 2,880,500 27 5 19 4 8 1 1,163,434
Februarv . . . . 2,775,400 27 8 19 6 8 2 1,133,212
March ........... 2,901,300 27 10 19 7 8 3 1,200,278
A pril ............. 2,883,500 27 9 19 5 8 4 1,196,011
May................. 2,964,100 27 6 19 2 8 4 1,228,198
J u n e ............... 2,927,200 27 9 19 3 8 6 1,241,392
J u l y ............... 2,993,600 27 5 19 0 8 5 1,260,744
A u g u s t........... 3,027,700 27 6 19 1 8 5 1,277,923
September . . . 2,940,800 27 6 19 1 8 5 1,234,584
O c to b e r ......... 2,994,500 27 5 19 0 8 5 1,263,274
November . . . 2,949,050 27 8 19 2 8 6 1,256,717
Decem ber. . .. — — 1,255,797

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 .

January  3 1 ,1 9 3 2 ... 215,752 12,394 1,598 229,744
February 2 9 ............. 216,171 12,177 1,363 229,711
March 31 ................... 214,024 12,009 — 226,033
A pril 30 ................... 214,334 11,943 — 226,277
May 3 1 ..................... 215,926 11,972 — 227,898
June 30 ................... 217,077 11,833 — 228,910
Ju ly  3 1 ..................... 217,525 12,056 .— 229,581
August 31 ............... 217,658 11,727 — 229,385
September 30 ......... 216,398 11,642 — 228,040
October 3 1 ............... 216,298 11,353 — 227,651
N ovem ber 30 ___ 219,024 11,207 — 230,231
December 3 1 ........... 221,008 11,310 — 232,318
J an u ary  31, 1933 . . 222,005 11,292 — 233,297

PRODUCTION O F GOLD IN  RHODESIA.
1929 1930 1931 1932

oz. oz. oz. oz.
J an u a ry ................... 46,231 46,121 45,677 42,706
F e b r u a r y ............... 44,551 43,385 42,818 45,032
M a rc h ..................... 47,388 45,511 42,278 47,239
A p r i l ........................ 48,210 45,806 43,776 46,487
May ....................... 48,189 47,645 43,731 46,854
J u n e ......................... 48,406 45,208 44,118 48,441
J u ly  ........................ 46,369 45,810 44,765 47,331
A ugust..................... 46,473 46,152 43,292 49,254
S eptem ber............... 45,025 46,151 42,846 50,198
October ................. 46,923 45,006 44,260 50,416
November ............. 46,219 44,351 44,510 48,082
D ecem ber............... 46,829 46,485 50,034 52,096

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

Tons. Oz. Tons. Oz.

25,600
6,074

10,000

10,497
6,012
2,219

25,600
6,082

9,545
5,749Globe and Phoenix . . . .
_

6,500
5,200

16,100

2,546
£6,800

3,591

6,500
5,600

16,000

2,512
£6,100

3,593W anderer Consolidated.

W EST AFRICAN GOLD OUTPUTS.
D e c e m b e r . J a n u ARY.

A riston Gold Mines . . .  
A shanti Goldfields . . . .  
Taquah and Abosso . . .

Tons.
7,291

13,452
10,259

Oz.
£21,621

14,732
3,272

Tons.
7,305

13,440
10,206

Oz.
£22,183

14,730
3,302

AUSTRALIAN GOLD OUTPUTS BY STATES.
W estern

A ustralia. Victoria. Queensland.

Oz. Oz. Oz.
January , 1932 ............... 44,037 — 916
February .......................... 44,672 — 981
M arch .............................. 47,108 9 ,735t 769
April ................................ 48,936 3,912 1,216
M ay.................................... 53,928 2,782 692
J u n e .................................. 50,079 — 920
J u l y .................................. 53,585 2,530 1,391
A u g u st.............................. 51,536 — 1,026
S ep tem ber....................... 54,427 — 1,160
O ctober.............................. 51,236 — —
N o v em b e r....................... 53,956 — —
D ecem ber ....................... 52,282 — —
January , 1933................. 45,755 — —

t  Jan ., F eb ., and March.

AUSTRALASIAN GOLD OUTPUTS.
D ecem ber . J anuary .

Tons. Value £ Tons. Value £

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

5,423 
2,860 
3,940 
4,374 

31,022 
12,132 
9,928

26,647

5,724 
1,408* 
8,001 
3,517* 

33,635 
15,419 
15,946 

/  8,292* 
\6 1 ,1 0 1 t

5,234
3,787
6,381

12,116
7,514

11,780+

5,700
1,752*

12,438

13,162 
11,870 

/  3,502 
\  21,013

* Oz. gold. t  Oz. silver. 1 To Jan . 21.
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GOLD OUTPUTS, KOLAR D ISTRICT, INDIA

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

Tons
Ore.

T otal
Oz.

Tons
Ore.

Total
Oz.

Champion R e e f .........
M ysore..........................

9 ,520
14,908
19,608
11,312

5,708
7,885

10,383t
4,153

9,430
14,852
19,643
11,750

5,552
7,671

10,342*
4,224Ooregum ...................

* 1,641 oz. from 1,628 tons Balaghat ore. t  2,378 oz. from 1,848 
tons Balaghat ore.

MISCELLANEOUS GOLD, SILV ER, AND PLATINUM  
OUTPUTS.

D e c i : m b e r . J a n U A R Y .

Tons. Value £ Tons. Value £

Bulolo G o ld ............................ __ 114,696d — —

Chosen Corp. (Korea) ......... 9,940 17,337 10,280 16,150
Frontino Gold (C’lb i a ) ......... 3,548 15,986 3,330 14,286
F resn illo .................................. 81,827 5 8 3 # — —
New Goldfields of Venezuela 9,440 2,265* 8,592 2,166*
Oriental Cons. (Korea) ----- — 106,320^ — 89,543¿
St. John del Rey (Brazil) . . — 38,000 — 38,500
Santa G ertrudis (Mexico) . . 19,290 11,873<*Î — —
V iborita .................................... — ■— — —
W est Mexican Mines ........... 1,360 24,000d — —

d Dollars. * Oz. gold. t  To Dec. 3. Í  Loss.

PRODUCTION OF TIN  IN FED ERA TED  MALAY STATES 
Estim ated a t 72% of Concentrate shipped to  Smelters. Long Tons.
Ju ly , 1932 . 
August 
September . 
O ctober . . .  
N ovem ber., 
December

1,437 January , 1933 ........... 2 ,312
1,164 February ...................... —
1,123 March .......................... —
2,273 April ............................ —
2,242 M ay................................ —
1,590 J u n e .............................. —

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

Nov. D e c . J a n .

Ayer H itam  ................................ — — 113
B atu C a v e s .................................. — — —

Changkat .................................... 60 60 58
Gopeng ........................................ — 72** —
Hongkong Tin ............................ 651 — —
Idris H ydraulic ......................... 131 — 17*
I p o h ............................................... (371 — 133*
K am par M a la y a ......................... ---- — —
Kampong L a n ju t ....................... ---- — —
K am unting ................................ 125 146 150
K ent (F .M .S .).............................. — — —

K illinghall.................................... 35 — —
K inta ............................................. — 34* —

K inta K e lla s ................................ — — —

K ram at Tin ................................ 25 85 78
Kuala K a m p a r............................ 27 50 —
Kundang ....................................... — — —
Lahat ............................................. 12 44 14*
Lower P e ra k ................................ — —

Malaya C onso lida ted ................. — — —

Malayan T i n ................................ 59 i 40J

o00

Malim N a w a r .............................. — ---- —

Pahang ........................................ 78 78 78
Penawat ...................................... — — 52*
P en g k a len .................................... — 67* —
P e ta lin g ........................................ 48 2* —
Rahm an ...................................... — — 25
R am butan .................................. — — —

Rantau ......................................... — — —

R aw a n g ......................................... 33 37 IS
Rawang C oncessions................. 25 46 42
Renong ........................................ 47 17* 22*
Selayang........................................ —
Southern K am par....................... 62* — 93
Southern M a la y a n ..................... 59* 48 53*
Southern Perak .•........................ — — 41*
Southern T ro n o h ....................... 18 18 18
Sungei B e s i .................................. — —

Sungei K inta .............................. — — —
Sungei W ay ................................ 31* 3 5 | 38*
Taiping ........................................ — — —
T a n jo n g ......................................... — — —
Iekka ........................................... — 39* —

Tekka T a ip ing .............................. — 65* —
T e m o h ........................................... — — —

Tronoh ......................................... 39 39 39
Ulu K la n g .................................... — —

* 3 m onths to  Dec. 31.

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 nglo-N igerian...........
Associated Tin Mines
Baba R iv e r .................
B atura M onguna.........
B is ic h i..........................
D affo..............................
Ex-Lands ....................
F i la n i ............................
Jan  t a r ............................
J o s ................................
Juga Valley ...............
K aduna Syndicate . . .  
Kaduna Prospectors. .
Kassa    ......................
London Tin ...............
Lower B is ic h i.............
N araguta Extended . 
N igerian Consolidated
Offin R iver...................
Ribon Valley .............
T in F ie ld s ...................
United Tin Areas 
Yarde K erri ...............

Nov.

12*
106*

1
16

27

10
71
5*

12
6
a

74
2

4*

Uè
11

D e c .

13
107iq

18*

16é

9
71
54

lli51
44

73
3

I ł
114

10

J a n .

15
104*

4

5*

3
76

4

10

10

OUTPUTS OF O TH ER  TIN  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 .

N ov. D e c . J a n .

Anglo-Burma (B urm a)............... 50f 411 38
A ramayo Mines (B o liv ia ) ......... 124 110 116
Bangrin (Siam) .......................... 68* 704 43
B eralt ........................................... 25* 224* -
Consolidated Tin Mines (Burma) 90 79 90
E ast Pool (C ornw all)................. 48* 444 —
Fabulosa (B o liv ia )...................... 36 36 39
Kagera (U g an d a ) ........................ 42 31 —
K a m ra ........................................... — ■— —
M alaysiam T i n ............................ 141 141 141
Mawchi ......................................... 213" 220* ■—
P atin o ............................................. — — ■—
P attan i ......................................... .— — —
San Finx  (Spain) ........................ — — —
Siamese T in (Siam) ............... 561 1061 1371
S outh Crofty .............................. 561 5 5 | 50
Tavoy Tin (B u rm a )................... 61 844 60
Tongkah H arbour (S ia m )......... 34 26 35
Toyo (Jap an )................................ 541 684 56
Z a a ip la a ts ..................................... 15 15

* Tin and W olfram.

COPPER LEAD, AND ZINC OUTPUTS.

B ritannia Lead

Broken Hill South . . 

Burm a Corporation . 
E lectrolytic Zinc . . . .
Indian C o p p e r ...........
M essina........................
Mount Isa .................
Mount Lyell .............
N orth Broken H i l l . . .

Rhodesia Broken Hill 
Roan Antelope . 
Sulphide Corporation

Trepca ...............

Zinc Corporation

I Tons refined lead 
\ Oz. refined silver 
/  Tons lead conc. 
\T o n s  zinc conc. .
/  Tons refined lead 
/  Oz. refined silver

Tons z i n c ...........
I Tons copper . . . .
\ Tons yellow m etal 

Tons copper . . . .  
Tons lead bullion 
Tons concentrates 

/  Tons lead conc. .
\  Tons zinc conc. . .
j  Tons V20 6 ...........
\  Tons V20 5 conc. .

Tons blister copper! 
/  Tons lead conc .. .  
\T o n s  zinc c o n c .. .
I Tons lead conc .. .
\ Tons zinc c o n c .. . 
/T o n s  lead con c ... 
\T o n s  zinc c o n c .. .

D e c . J a n .

4,646 _
238,767 —

5,832 —
6,019 —
5,880 5,880

508,769 520,889

350 400
520 513
790 809

4,544 —
2,655 3,314
6 ,0 5 0 t —
6 ,1 7 0 t -—

20 —
100 20*

3,002 —
1 ,754 t —
2 ,538 t -—
4,971 4,990
7,170 7,062
5,809 _
4,757 —

* And 1,051 tons zinc. f  Six weeks to  Dec. 3L Í  To Dec.
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IMPORTS OF ORES, METALS, E tc., INTO UNITED KINGDOM.

Nov. Dec .

Iron Ore .................................... 159,737 159,571
Manganese O r e .......................... . .T o n s . . 3,628 6,351
Iron and Steel .......................... 57,892 72,748
Copper and Iron Pyrites . . . . 13,693 26,207
Copper Ore, M atte, and Prec.. 2,311 2,411
Copper Metal ............................ 18,852 12,971
Tin C oncen tra te ....................... 2,329 3,462
Tin Metal ................................ 196 170
Lead Pig and S h e e t ................. 28,730 19,844
Zinc (Spelter) ............................ 4,719 5,330
Zinc Sheets, e tc .......................... . .T o n s . . 1,722 1,709
Zinc Oxide ................................ 39 14
Zinc Ore .................................... 28,151 6,575
Aluminium.................................. 1,324 568
M ercury ...................................... . .Lb. .  . . 119,363 92,862
W hite Lead ............................. 5,543 4,942
Barytes, g ro u n d ....................... . . Cwt. . . 23,914 22,< 10U
Asbestos .................................... 1,389 2,350
Boron Minerals ....................... 1,119 469
Borax ........................................ 6,280 15,926
Basic S la g ................................. — —
Superphosphates ..................... 2,191 2,298
Phosphate of Lime ............. 15,250 24,444
M ic a ............................................ 132 107
Tungsten Ores ......................... 192 413
S u lp h u r...................................... 4,831 2,905
N itrate of Soda ....................... . .Cwt. . . — 1.602
Potash Salts ............................. . .Cwt. . . 119,984 141,506
Petroleum : Crude ................. 21,653,730 29,992,986

Lamp Oil ........ .. 13,039,661 36,385,226
M otor Spirit . . . . . .  Gallons 62,484,205 82,619,717
Lubricating O il . . 4,587,309 7,065,418
Gas O il................. 3,705,314 8,801,775
Fuel Oil ............. . .Gallons 29,426,173 45,982,069

Asphalt and Bitumen ............. 4,026 10,383
Paraffin Wax ........................... . .Cwt . . . 101,880 110.149

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

Nov. D e c . J an.

Anglo-Ecuadorian....................... 15,465 16,007 16,117
Apex T rin idad............................. 44,970 43,020 45,190
Attock . ....................... ............ 1,622 1,069 1,533
British B urm ah........................... 3,443 3,789 3,911
British Controlled ................... .. 37,575 39,589 —
Kern M ex...................................... 794 847 832
Kern River (Cal.) ..................... 3,000 3,292 3,346
Kem Romana ........................... 87 84 77
Kern Trinidad ........................... 1,549 1,561 1,903
Lobitos ........................................ 23,700 24,287 23,071
Phoenix.......................................... 86,333 78,406 65,719
St. Helen’s P etro leum ............... 4,130 4,218 3,967
Steaua Romana .......................... 103,664 100,837 90,564
Tampico ...................................... 2,201 2,290 2,219
Tocuyo ........................................ 1,255 1,186 1,219
Trinidad Leaseholds ................. 27,450 29,950 28,550

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

Jan . 10, Feb. 9,
1933. 1933.

£ s. d. £ s. d.
Anglo-Ecuadorian ........................................... 12 9 11 0
Anglo-Egyptian B ........................................... I 11 3 1 10 0
Anglo-Persian 1st Pref. ................................ .. 1 0 9 1 8 3

,. Ord............................................. 1 16 3 1 17 6
Apex Trinidad (5s.) ........................................ 1 0 3 18 9

10 i; 8 9
British Burmah (8s.) ...................................... 3 0 3 6
British Controlled ($5) .................................. 4 0 3 9
Burmah O i l ....................................................... 3 0 6 3 0 0
Kem River Cal. (1 0 s .) .................................... 2 6 2 3
Lobitos, Peru ................................................... 1 16 3 1 12 6
Mexican Eagle, Ord. (4 pesos) ..................... 7 9 7 3

,, ,, 8% Pref. (4 pesos) ............. 7 3 6 6
Phoenix, Roumanian ...................................... 11 6 9 6
Royal D utch (100 f l . ) ...................................... 19 0 0 17 15 0
Shell Transport, O rd......................................... 2 9 3 2 5 0

5% Pref. (£10)................... 10 17 6 11 2 6
Steaua Romana ............................................... 8 9 8 0
Trinidad L easeholds........................................ 2 11 3 2 7 6
United British of T rinidad (6s. 8d.) ........... 5 0 4 6
V.O.C. H o ld in g ................................................. 1 11 9 1 10 0

P R I C E S  O F  C H E M I C A L S .  F eb . 9.
These quotations (some of which are affected by the devalua­

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

(. s. d.
Acetic Acid, 40% ...................................... i 0 9

„ 80% ...................................... i 18 0
,, ,, G la c ia l..................................

Alum ...........................................................
59 0 0
8 7 6

Aluminium Sulphate, 17 to  1 8 % ........... 6 15 0
Ammonium, Anhydrous .......................... 1 1

,, O8S0 s o lu tio n ..................... 15 10 0
,, C a rb o n a te ............................ 27 10 0
,, N itrate (British) ............... 16 0 0
,, Phosphate, com ml.............. 40 0 0

Sulphate, 20-6% N .............
A ntim ony, T artar Em etic, 43/44% ........... per lb.

6 7 6
10

,, Sulphide, g o ld e n ...................
Arsenic, W hite (foreign) .........................

9
20 0 0

Barium, Carbonate (native), 9 4 % ......... 4 10 0
,, Chloride ......................................

Barytes .......................................................
10 10 0
8 5 0

Benzol, standard m otor .......................... 1 0+
Bleaching Powder, 35% Cl....................... S 15 0
B o ra x ............................................................ 16 10 0
Boric A c id ................................................... 26 10 0
Calcium Chloride, solid, 70/75% ........... 5 15 0
Carbolic Acid, crude 60’s ....................... 2 2

,, ,, crystallized, 40° .............
Carbon D isu lp h id e ....................................

...........per lb. 10*
30 0 0

Citric A c id ................................................... ........... per lb. 91
Copper S u lp h a te ........................................ ...........per ton 15 10 0
Creosote Oil (f.o.b. in Bulk) ................... 3¿
Cresylic Acid, 98-100% ..........................

...........per lb.
1 2

Hydrofluoric Acid, 59/60% ................... 6
Iodine Resub. B .P . (28 lb. lo ts)............. 15 0
Iron, N itrate 80° Tw................................. 6 0 0

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

1 15 0
31 10 0

,, N itrate (ton lo t s ) ............................ 27 10 0
,, Oxide, L i th a rg e .............................. 25 10 0
,, W hite ............................................... 37 10 0

Lime, Acetate, brown .............................. 9 5 0
grey, 8 0 % ........................

Magnesite, Calcined ..................................
12 15 0

8 0 0
Magnesium Chloride ................................ 6 10 0

,, Sulphate, com m l...................
M ethylated Spirit Industrial 61 O.P. ........... per gal.

4 10 0
2 0

N itric Acid, 80° Tw.................................... 19 0 0
Oxalic A c id ................................................. ........... per ton 48 0 0
Phosphoric Acid. (Cone. 1 *750) ........... 10
Pine O il......................................................... 2 7 6
Potassium Bichromate ............................ 5

,, Carbonate, 9 6 /9 8 % ............... 32 0 0
,, Chlorate.................................... 4
,, Chloride, 80% ....................... 9 10 0
,, E thyl X anthate  ................... . .  per 100 kilos 7 0 0
,, H ydrate (Caustic) 8S/90% . 40 0 0
,, N itra te ...................................... 30 0 0
,, P e rm an g an a te ....................... 8*
,, Prussiate, Yellow ................. 75 0 0

R e d ....................... 2 0
,, Sulphate, 90% .....................

Sodium Acetate ........................................
10 10 0
23 10 0

,, Arsenate, 45% .............................. 23 0 0
,, Bicarbonate ................................ 10 10 0
,, B ic h ro m ate .................................. 4
,, Carbonate (Soda Ash), 58% . . . 6 0 0
,, ,, (Crystals)...................
,, C h lo ra te ........................................

5 5 0
32 0 0

,, Cyanide, 100% NaCN basis . . . 8
,, E thyl X anthate ......................... . . .  per 100 kilos 6 12 6
„ H ydrate, 76% ............................ 14 0 0
,, Hyposulphite, com ml.................. 9 2 6
,, N itrate (refined) ....................... ...... ,, 8 10 0
,, Phosphate, com ml....................... 12 0 0
,, P ru s s ia te ...................................... 4 Í
,, Silicate ........................................ 9 10 0
,, ,, (liquid, 140° T w .) .........
,, Sulphate (Glauber’s S a l t ) .........

8 10 0
2 lo 0

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

3 1 0
10 lo u

,, Sulphite, p u r e ..............................
Sulphur, Flowers ......................................

14 0
9 lo 0

Roll ............................................. ......  ,, 9 1o u
Sulphuric Acid 168° Tw........................... 4 5 0

,, ,, free from Arsenic. 140° T w ... 3 0 0
Superphosphate of Lime (S.P.A. 16%) . 3 4 0
Tartaric Acid ............................................. 10*
Turpentine ................................................. 67 0 0
Tin Crystals ............................................... 1 0
T  tanous C h 'o rid e ...................................... 10*
Zinc Chloride ............................................. ........... per ton 9 10 0

„  Dust. 9 0 /9 2 % .................................... 20 0 0
,, Oxide (White Seal)............................ 35 0 0
,, Sulphate............................................... 9 0 0



110 T H E  M IN IN G  M AGAZINE

SHARE QUOTATIONS
Shares are £1 par value except where otherwise noted.

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

B ra k p a n .................................................
City Deep .............................................
Consolidated Main Reef ...................
Crown Mines (1 0 s .) ..............................
D aggafon te in .........................................
D urban Roodepoort D eep (10s.) . . .
E ast Geduld .........................................
E ast Rand P roprietary (1 0 s .) ...........
G e d u ld . . . . .............................................
Geldhenhuis Deep ..............................
Glynn’s Lydenburg ............................
Government Gold Mining Areas (5s.)
Grootvlei ...............................................
Langlaagte E sta te  ..............................
Luipaard’s Vlei (2s.)............................
M odderfontein, New (10s.).................
Modderfontein B (5s.) ........................
M odderfontein Deep ( 5 s . ) .................
M odderfontein E a s t ............................
New K lein fon te in ................................
New State A re a s ...................................
Nourse ...................................................
Randfontein .........................................
Robinson Deep A (Is.) ......................„ B (7s. 6d.) .........
Rose D e e p .............................................
Simm er and Jack  (2s. 6 d .) .................
S p r in g s ...................................................
Sub Nigel (10s.) ..................................
Van Ryn ...............................................
Van Ryn D eep ....................................
Village Deep (9s. 6 d .) ..........................
W est Rand Consolidated (10s.) ___
W est S p rin g s .........................................
W itw atersrand (Knights) .................
W itw atersrand Deep ..........................

RHODESIA :
Cam and M o to r ....................................
Globe and Phoenix (5 s .) ......................
Lonely R e e f ...........................................
Luiri Gold (5 s .) ....................................
Rezende (17s. 6d.) ..............................
Sherwood S tarr (5s.) ..........................
W an d ere r................................................

GOLD COAST :
Ariston (2s. 6d.).... ................................
Ashanti (4s.) .........................................
Taquah and Abosso (4 s .) ...................

AUSTRALASIA :
Associated Gold (4s.), W .A ................
Golden Horseshoe (8s.), W .A .............
Great Boulder P ropriet’y  (2s.), W.A.
Lake View and S tar (4s.), W .A .........
Sons of Gwalia (10s.), W .A ................
South Kalgurli (10s.), W .A. . . .
Waihi (5s.), N .Z ..............................
Wiluna Gold, W .A ..........................

INDIA :
Champion Reef (10s.) ........................
Mysore (1 0 s .) .........................................
N undydroog (10s.)................................
Ooregum (10s.).......................................

AMERICA :
Camp Bird (2s.), Colorado ...............
Exploration (10s.)................................
F rontino and Bolivia, Colombia . . .  
Mexican Corporation (10s.), Mexico . 
New Goldfields of Venezuela (5s.) . .
St. John del Rev, Brazil     ...........
Santa G ertrudis, Mexico.....................
Viborita (5s.), Colombia ...................

MISCELLANEOUS :
Chosen, K o re a .......................................
New G u in ea ...........................................

C O P P E R :
Bwana M’Kubwa (5s.), Rhodesia
Indian (2s.) .......................................
Loangwa (5s.). R h o d es ia ...............
Mason and B a r r y ............................
Messina (5s.), Transvaal ...............
Mount Lyell, T a sm a n ia .................
N amaqua (£2), Cape Province . . .  
R hodesia-K atanga............................

Roan Antelope (5s.), Rhodesia .
Tanganyika C oncessions...........
Tharsis (£2), S p a in ......................

Jan . 10, F eb. 9,
1933. 1933.

£  s . d. £  s. d.
4 8 9 5 2 6

15 3 1 1 3
1 15 0 2 3 0
6 17 6 7 11 3
3 0 0 3 2 6
1 5  6 1 16 9
3 IS  9 4 1 3
1 0  9 1 7  6
4 IS  9 5 2 6

17 6 1 8 9
14 6 1 2 6

1 14 3 2 0 0
1 11 3 1 13 9
1 4 3 1 10 0

7 0 10 0
2 8 9 3 2 6

14 6 17 6
16 6 19 3

2 7 6 2 17 6
1 5 9 1 11 9
2 13 9 2 16 9
1 7  6 2 3 9
2 5 3 2 12 6

13 9 13 9
1 1 3 1 9  9

14 9 1 1 3
6 3 7 9

4 2 6 4  12 6
5 8 9 6 3 9

18 0 1 5 0
1 3  9 1 13 9

1 6 1 6
18 9 1 3  0

1 8 0 1 9  3
16 9 1 3  3
16 3 1 6  3

2 3 9 2 8 3
18 6 16 6
11 3 12 6

1 0 1 0
1 10 0 1 6  3

12 9 13 0
16 9 18 3

8 0 7 11
2 0 9 1 16 9

10 0 10 0 |

3 3 3 0
4 0 4 0
7 0 7 3

1 0 0 18 9
14 9 16 3

1 0 9 1 3  0
17 9 18 6

2 1 9 1 18 6

1 2 0 1 3 3
12 0 15 3

2 3 6 2 4  6
5 9 7 0

2
2 0 2 0

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

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

8 6 11 0
4 3 5 6

3 6 3 9
1 3 1 6
1 6 1 6.— 10 0
6 0 6 6

16 9 16 0-— 2 0
10 0 10 0

18 2 6 16 12 6
12 3 12 6
19 3 19 3

3 10 0 3 2 6

L E A D -Z IN C :
Amalgamated Zinc (S&.), N .S.W . . .  
Broken Hill Proprietary, N.S.W . .
Broken H ill, N orth, N .S.W ..............
Broken Hill, South, N .S.W ...............
B urm a Corporation (10 rupees). . . .  
E lectrolytic Zinc Pref., T asm an ia ..
M ount Isa, Q ueensland......................
Rhodesia Broken H ill ( 5 s . ) .............
San Francisco (10s.), Mexico .........
Sulphide Corporation (15s.), N.S.W

ditto , P ref..........................................
Trepca (5s.), Y u g o slav ia .................
Zinc Corporation (10s.), N .S.W . . . .  

d itto , P r e f . .......................................

T IN :
Aramayo Mines (25 f r .), Bolivia
Associated T in  (5s.), N igeria ...........
Ayer H itam  (5s.), M a la y ....................
Bangrin, S ia m .......................................
Bisichi (10s.), N igeria ........................
Consolidated Tin Mines of Burm a . .
E ast Pool (5s.), Cornwall ..................
Ex-Lands N igeria (2 s .) ........................
Geevor (10s.), C o rn w a ll......................
Gopeng, M alay .....................................
Hongkong (5s.), M a la y ........................
Id ris  (5s.), M alay ...................................
Ipoh Dredging (16s.), Malay ...........
K aduna Prospectors (5s.), N igeria . .  
K aduna Syndicate (5s.), N igeria . . .
K am unting (5s.), M alay ....................
Kepong, M a la y .....................................
K in ta  (5s.), Malay ..............................
K in ta Kellas (5s.), M a la y ..................
K ram at Pulai, M a la y ..........................
K ram at Tin, M alay..............................
L ahat, Malay .......................................
Malayan Tin Dredging (5s.) .............
N araguta, N igeria ..............................
Pahang Consolidated (5s.), M a la y .. .
Penaw at ($1), M a la y ..........................
Pengkalen (5s.), Malay ......................
PetaJing (2s. 4d-)» M a la y ....................
R am butan, Malay ...............................
Renong D redging, Malay ..................
Siamese Tin (5s.), S ia m ......................
South Crofty (5s.), C o rnw all.............
Southern Malayan ( 5 s . ) ......................
Southern Perak, M alay........................
Southern Tronoh (5s.), Malay .........
Sungei Besi (5s.), Malay ....................
Sungei K inta, Malay ..........................
Tanjong (5s.), M a la y ..........................
Tavoy (4s.), Burm a ............................
Tekka, Malay .......................................
Tekka Taiping, Malay ........................
Temoh, Malay .....................................
Toyo (2s. 6d.), J a p a n ..........................
Tronoh (5s.), M alay..............................

D IA M O N D S:
Consol. African Selection T rust (5s.)
Consolidated of S.W .A. (10s .)...........
De Beers Deferred (£2 10s.) .............
Jag ers fo n te in .........................................
Prem ier Preferred (5s.) ......................

FIN A N C E , E tc. :
Anglo American Corporation (10s.)..
Anglo-Continental (10s.)......................
Anglo-French Exploration ............  !
Anglo-Oriental (5s.)..............................

d itto . P ref..................................... " ’
B ritish South Africa (15s.) ...............
Central Mining (£8) ........................] .
Consolidated Gold Fields 
Consolidated Mines Selection (lös. ) !.
F an ti Consols (8s.)................................
General Mining and Finance . . .  !! 
Gold Fields Rhodesian (10s.)
Johannesburg Consolidated .............
London Tin Corporation (10s .)____!
Minerals S e p a ra t io n ........................... ’
Mining T r u s t ......................... ! ! ! ! ! ! ! !
National Mining (8 s .) .............. !!* .!!!
Rand Mines (5s.) .................! ! ! ! ! ! ! !
Rand Selection (5 s .) ...................
Rhodesian Anglo American (10s.) I *.! 
Rhodesian Selection T rust (5s.) .
Rhokana Corp..................................
Tigon ( 5 s . ) ............................ ..! ! ! !
Union Corporation U2s. 6d.) . . .

Jan . 10, Feb. 9,
1933. 1933.

£  s. d. £ s- d.
7 6 7 6

1 1 0 1 1 6
2 13 9 2 13 9
1 17 6 1 16 9

10 6 10 3
11 3 12 6

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

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

10 0 11 3
4 0 4 3

11 0 11 3
11 9 12 0

5 3 5 0
2 9 2 9

9 1 0
— 1 3

1 6  3 1 6  3
12 9 12 6

4 3 4 6
12 9 13 9

5 0 5 0
12 6 12 6

5 9 6 6
6 3 6 3
4 0 4 0
3 6 3 6

14 6 15 0
1 6  0 1 6  0

15 9 17 0
8 9 8 9
4 3 4 3_ 1 1
8 3 8 6

10 0 10 9
4 6 4 0

15 6 15 0
6 6 8 0
2 0 2 0
9 9 10 9

1 5  0 1 5 0
4  3 4 6
8 9 9 0

10 0 8 0
6 6 6 0
4 6 5 0

10 0 8 9
8 9 6 3
S 9 10 0
2 6 3 3

13 9 14 9

17 6 17 6
3 9 5 9

5 3 9 5 7 6
1 6  3 1 6 3
1 5 0 1 8 9

11 3 IS  3
4 0 4 6

15 0 1 0  0
6 0 6 0
8 9 9 0

17 3 19 0
13 0 0 16 2 6

1 17 6 2 7 6
8 3 12 0
8 0 8 3

1 10 0 1 17 6
4 0 5 3

1 15 3 2 3 9
9 0 9 9

3 2 6 3 5 0
4 0 4 9--- 9

4 10 0 5 8 0
12 3 15 0

9 0 10 3
4 9 5 3

4 5 0 4 5 0
— 3 33 fi S Q 10 fi
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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 abstracts o f important articles and papers appearing in technical journals and proceedings 
o f societies are given, together with brief records o f other articles and p a p ers; also notices o f new  
books and pamphlets, lists o f patents on m ining and metallurgical subjects, and abstracts o f the yearly

reports o f m ining companies.

T H E  B R O K E N  H I L L  L O D E

The geological s truc tu re  of th e  B roken H ill lode 
is described by  E. J . K enny in  th e  Proceedings of 
th e  A ustralasian  In s titu te  of M ining an d  M etallurgy 
for Septem ber 30 last, th e  au th o r saying th a t, 
for th e  purpose of h is paper, th e  nam e “  The Broken 
H ill Lode ” refers to  th a t  com plex u n it which 
includes pre-em inently  th e  fam ous ore-bodies 
exposed in  th e  w orkings from  th e  N o rth  M ine on 
the  one extrem e to  th e  South Blocks (Zinc Corpora­
tion) Mine on th e  other. W hile th e  p ap er deals 
prim arily  ■with the  struc tu re  of th e  lode, an  outline 
of th e  general geology and  of th e  geological h is to ry  
of the  d istric t is furnished by w ay of a  preface as a 
knowledge of these aspects is essential to  an y  
appreciation  of th e  m ajor conditions governing th e  
occurrence of th e  ore-deposits.

The conclusions as to  struc ture  advanced  by  the  
au th o r em body no t only th e  results of his personal 
observations b u t also th e  sum m ation  of evidence 
adduced by all previous and  contem porary investi­
gators. E x trac ts  from  th is  paper are given here.

G e n e r a l  G e o l o g y .— The geological form ations 
exposed in  th e  neighbourhood of B roken H ill 
comprise, principally, igneous and  sed im entary  
rocks of Pre-Cam brian age w ith  which th e  ore- 
deposits are associated and, subordinately , th e  
cover of Recent sedim ents em bracing alluvium , 
wind-blown sand, soils, loams, w aste m ateria l, and  
rocks of chem ical origin such as secondary lim e­
stones (" K unkar "). For sim plicity  th e  Pre- 
Cam brian complex m ay  be subdivided as follows—

(1) W illyam a Series— altered  sedim ents.
(2) Older In trusives—altered  igneous.
(3) Newer In trusives— unaltered  igneous.
Form erly th e  te rm  “  W illyam a Series ” included 

all Pre-Cam brian rocks in th e  v ic in ity  of Broken Hill, 
b u t its use is here restric ted  to  ap p ly  only to  the  
oldest form ations— nam ely, th e  a lte red  sedim ents. 
The classification adopted  indicates a t  once th e  
sequence of P re-C am brian rocks.

(1) Willyama Series.— This oldest group com prises 
a  considerable thickness of th in ly-bedded sand­
stones, grits, and  shales in  p a r t  sandy, which, by  
reason of the  intense a lte ra tio n  th ey  have under­
gone, now appear as gneisses, schists, phyllites, 
slates, and  quartz ites. In  general, a zonal a rrange­
m ent of a lte ra tion , w ith  Broken H ill as th e  centre 
of m axim um  in tensity , is apparen t. T hus, rocks 
which outcrop as sillim anite-gneiss a t  Broken H ill 
appear as m ica-schists, phyllites, and even slates, 
in ou ter localities. A ndalusite and  chiastolite 
schists are com m on in  th e  w estern portion  of the  
d istric t, no tab ly  in  th e  Apollyon valley  and  to  th e  
north  of Pum am oot^ .

M any traces of th e  original bedding-planes have 
been preserved even in th e  centre of greatest 
a ltera tion . P a rticu larly  is th is  noticeable in  
sillim anite-gneisses so well developed near the

B roken H ill lode ; sillim anite being comm on in 
those layers which were originally silts or shales, 
while th e  more sandy laminae are practica lly  devoid 
of th is  m ineral. B anding w ith in  th e  ore-bodies and 
in  unreplaced m asses of gneiss is indicative also of 
th e  original s tru c tu re  of th e  altered  beds.

G arnets, m icas, cordierite, staurolite, and  other 
m inerals are developed also w ithin th e  altered 
sediments.

(2) Older Intrusives.— Acid and  basic igneous 
rocks are represented by m any  types of gneiss, 
granulite, aplite, pegm atite, and  am phibolite, 
a rranged in  sheet-like masses or sills conform able 
in  m arked m anner to  th e  bedding-planes of the  
associated sedim ents. The exposures m ay  be very  
sm all or th ey  m ay  be of g reat superficial ex ten t ; 
nevertheless th ey  are of m oderate thickness only. 
No trace  of any  “  feeder ” has y e t been found.

(3) Newer Intrusives— These younger igneous 
types do not exh ib it dynam ic a ltera tion . They 
include th e  granite  of M undi M undi, gabbro 
(serpentine), dykes of pegm atite  and  uralitic  
dolerite, together w ith  the  ore-bodies of th e  field 
and  th e ir  associated m asses of “ lode peg m atite ,"  
pyroxenes (rhodonite, m anganhedenbergite), garnet, 
calcite, quartz , and o ther constituen ts of th e  
gangue.

G e o l o g i c a l  H i s t o r y .— D uring th e  earlier period 
of igneous activ ity  th e  sedim ents of th e  W illyam a 
series were affected by  folding m ovem ents which 
produced a  com plicated system  of asym etrical 
arches and  basins and  contribu ted  in g reat m easure 
to  th e  developm ent of new  struc tures and  new 
m inerals. U nder the  influence of h ea t and pressure 
a t  g reat dep ths th e  beds tended  to  change form 
read ily  w ithout loss of th e ir  solidity. F u rth e r com ­
pression resulted  in  th e  production  of a  certain  
am ount of rock-flowage w ith ru p tu re  in m any  places 
accom panied by dragging of th e  beds to  a  consider­
able ex ten t. The zones of flowage (crush or shear- 
zones) in te rsect bo th  th e  W illyam a Series and  the  
Older In trusives, and  are  typified by  th e  presence 
w ith in  th em  of sericitic schist, which has been 
replaced, in  m any  instances, b y  silica, garnet, 
m agnetite, and  lode m aterials. In  places th ey  are 
occupied by  igneous dykes.

The shear-zones were destined to  become th e  
channels by  which th e  ore and  gangue m inerals 
gained en try  to  th e  closely-folded beds, which had 
been dragged against and  stre tched  along th e  zones 
of stra in . I t  is w ith  one of these  m ajor shear-zones 
th a t  th e  ore-bodies of th e  B roken H ill lode are 
associated an d  th e  period of ore-form ation was, in 
a ll p robability , contem poraneous w ith  th e  final 
phases of th e  la te r  expression of igneous action  
which m arked  th e  in trusion  of th e  M undi M undi 
g ran ite  and  th e  acid  and  basic dykes referred to .

S t r u c t u r e  o f  t h e  O r e - D e p o s i t s .— (A ) General.—  
W ith  few exceptions th e  ore-deposits of th e  Broken
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H ill d is tric t are of th e  sam e stru c tu ra l type. The 
ore-masses, a lthough presenting  g reat v a rie ty  of 
shape and  size, are com parable by reason of th e ir  
developm ent w ith in  a ltered  and  folded sedim ents 
associated w ith one or m ore zones of shear, which 
acted  as channels of ‘ ‘ ore en try . ” The econom ically - 
valuable bodies occur w ith in  th e  folds, w hereas th e  
shear-zones usually  em brace sm all and  low-grade 
lenses only. In  o ther words, th e  shear-zones th em ­
selves are of no great im portance com m ercially, 
b u t are of p aram oun t significance stru c tu ra lly , 
being im p o rtan t d a ta  for guidance in th e  conduct of 
prospecting cam paigns. In  general principles the  
struc tu re  of th e  Broken H ill lode is no t a t  variance 
w ith these postu lates, b u t th e  com plex ity  and 
va rie ty  of th e  shapes exhibited  in p lan  and  section 
tend  to  m ask th e  fundam ental form.

(.B ) Previous Opinions.—The au th o r gives a 
recap itu lation  of the  opinions expressed by previous 
investigators which p o rtrays clearly  th e  evolution 
of ideas as to  s truc tu re  progressively w ith  m ining 
developm ent.

(C) Present Diagnosis.— Prior to  1927, when the  
p resent diagnosis was first enunciated  by th e  w riter, 
the  generally accepted version of th e  s tru c tu re  of 
the  lode im plied a two-fold sub-division, although 
it m ust be noted th a t  th e  Geological Sub-Com m ittee 
suggested th e  possible existence of a th ird  un it, 
synclinal in section. However, it would appear th a t 
the  Sub-Com m ittee did not a tte m p t to  estab lish  the  
relationship  of the  possible eastern  bodies e ither to  
th e  foot-wall lode or to  the  “ lode fa u lt .” -

In  1927-28 the  au th o r furnished tw o reports in 
his official capacity  as geological surveyor of the  
Mines D epartm ent, New South W ales, in  which 
a tten tio n  was draw n to th e  fact th a t  certa in  large 
ore-bodies, which had  been m ined to  a considerable 
ex ten t, ac tually  lie to  the  east of the  m ain  zone of 
shear w ith which th e  ore-deposits of th e  Broken H ill 
lode are associated. Furtherm ore, th ey  are of such 
form and  arrangem en t as to  suggest th a t  th ey  are, 
in rea lity , th e  coun terparts of the  hanging-w all 
bodies or “ bulges ” and not com ponents of th e  so- 
called comm on lim b known h ith e rto  as the  “ Foot- 
wall L ode.” In  addition , the  eastern  m asses were 
noted to  possess the  fundam ental form of a syncline 
in cross-section as opposed to  the  arch-like or a n ti­
clinal shape exhibited  by the  ore-bodies developed 
to  th e  w est of the  shear-zone. I t  was considered also 
th a t  th e  eastern  and the  western m asses represent 
m em bers of a form erly continuous series of sedi­
m ents, owing th e ir  present re la tive  positions to  
d isplacem ent along a zone of powerful shear or crush.

Consideration of all the  available evidence in the  
new ligh t led to  the  form ulation of the  conclusions 
herein advanced. The old term inology was d is­
carded, and th e  " Foot-wall Lode ” ceased to  exist 
as such. In  fact, th e  ore-deposits, as envisaged in 
general now, do no t possess an y  tru e  “ foot-w all,” 
b u t th is  term  is re ta ined  by com m on usage for 
purposes of o rien tation  in description. W hile it is 
realized th a t  abnorm al conditions arise in some 
instances, it is contended th a t  th e  adoption  of a 
trip a rite  subdivision for th e  general s tru c tu re  of the  
lode a t  least has tended  to  sim plify problem s of 
m ining geology, and  th u s has con tribu ted  some 
m easure of assistance to  th e  m ining engineer. 
Moreover, as will be shown below, th e  origin of the  
struc tu re  can  be explained by sim ple geological 
processes w hich can be read ily  understood, thus 
obviating  m any  of the  difficulties a tte n d an t upon 
earlier ideas.

The th ree  un its  of th e  s tru c tu re  a re  classified as 
follows—

(1) M ain Lode Channel.
(2) W estern ore-bodies (Anticlinal).
(3) E aste rn  ore-bodies (Synclinal).
(1) The M ain  Lode Channel, or sim ply  the 

“  C hannel,” is a te rm  applied  to  th e  narrow  zone 
of strong  shear a n d /o r  stra in  to  which th e  ore- 
deposits are in tim a te ly  re la ted , for th e  reason that, 
in all p robab ility , i t  functioned as th e  channel 
th rough  which th e  m ateria ls of th e  ore-bodies found 
ingress to  th e  drag-folded sedim ents on e ither side. 
In  reality , th e  shear-zone is a  powerful, pre-lode 
fau lt responsible for differential d isplacem ent of the 
contiguous beds, e ith e r by  a c tu a l ru p tu re  or by 
“ stre tch ing  ” along an  a tte n u a ted  lim b, connecting 
an  antic line  on th e  one hand  to  a  syncline on the 
other.

In  p lan  and  section th e  C hannel is seen to  pursue 
a som ew hat sinuous course, curves of broad outline 
a lte rn a tin g  w ith  pronounced va ria tio n s of trend. 
This sharp  deflection from  th e  general strike is 
ap p aren t in places, n o tab ly  betw een th e  Thompson 
shaft of th e  B ritish  m ine an d  th e  K ing shaft of the 
Junc tion  m ine. S im ilar conditions ex is t in sub­
ord inate  degree a t  p laces where th e  w estern  and the 
eastern  ore-bodies a re  b rough t in to  juxtaposition. 
“ The In tersec ting  fau lt ” of th e  C entral and  South 
m ines is considered to  have arisen  by  post-lode 
read ju stm en t upon a sharp  "  k in k  "  in  th e  channel 
where th e  drag-folds were connected w ith  it. A t a 
po in t to  th e  n o rth  of th e  N orth  m ine th e  channel 
has been displaced w esterly  by a pronounced shear- 
zone known as th e  de B avay  fau lt, th e  la te ra l throw 
as m easured along th e  p lane of d islocation being of 
th e  order of 2,500 ft. The effect of th is  fault in 
vertical dim ensions is no t know n definitely at 
present, bu t, for various reasons, th e  w riter is 
inclined to  th e  belief th a t  th e  m ass lying to  the 
n o rth -east has been up throw n w ith  respect to  the 
southern  block. H igh angles of dip are denoted for 
th e  channel, p rincipally  in  north -w esterly  and 
northerly  directions, bu t, in  places, as in the 
Thom pson section (B ritish mine) and  in  the  Zinc 
C orporation leases, equally  steep  dips tow ards the 
sou th-east a re  present.

The channel is occupied m ain ly  by  sericitic schist, 
in p a r t  replaced by  lode-m aterial, usually of 
siliceous com position. In  som e instances the 
foliation p lanes of th e  schist a re  ben t to  accommo­
date  sm all ‘' pressure-lenses ” of ore w ith a 
characteristic  siliceous gangue. On th e  whole, 
however, th e  channel, in itself, is of little  com­
m ercial value. I ts  im portance lies in  its  significance 
as a d a tu m  to  w hich th e  d is trib u tio n  and  arrange­
m ent of the  ore-bodies w ith in  th e  drag-folds m ay be 
referred. Hence th e  d e te rm in a tio n  of its position 
can  be of m ateria l assistance in p rospecting  and 
developm ent cam paigns. In  th is  connexion it 
should be noted  th a t  th e  recognition of th e  channel 
is fraugh t w ith considerable d ifficulty  in  some 
sections. An ou tstan d in g  exam ple is afforded by 
the  conditions ob tain ing  in  th e  sou thern  portion of 
the  South m ine, p a rticu la rly  a t  lower levels, and it 
would ap p ear th a t  th e  in ten sity  of shearing  dis­
played elsewhere is no t in evidence here, due, 
perhaps, to  th e  possib ility  th a t  ac tu al ru p tu re  did 
no t tak e  place bu t, ra th e r, an  ex trem e degree of 
stre tch ing  along th e  lim b  betw een th e  western 
antic line  and the  eastern  syncline. Again where 
western and  eastern  ore-bodies are in juxtaposition,
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the trace  of the  channel th rough  a stope m ay  be 
expressed by one or more of th e  following features—

(а) A system  of cracks or jo in ts, m ore or less 
parallel, hlled w ith  secondary carbonates such as 
m anganocalcite and  rhodocrosite. These are no t to  
be confused w ith  sim ilar features, produced by p o st­
lode m ovem ents w ith in  th e  ore-bodies and  which 
bear no relationship  to  th e  position  of th e  m ain  
shear-zone.

(б) A line of vughs or slickensided planes ; or
(e) A narrow  band of silicified schist.
These criteria  m ay  be used as indicators of the  

position of th e  channel only where such evidence is 
combined w ith more definite exposures along the  
walls of th e  ore-bodies.

The channel is no t in  d irect con tact w ith  the  ore- 
bodies a t  all places bu t, in  a  num ber of instances, is 
separated therefrom  by occurrences of con torted  
a n d /o r  strained gneiss, which evidently  represent the 
truncated  portions of drag-folded beds. In  stoping 
operations such m asses are troublesom e and  form  
weak walls by reason of th e  fact th a t  th ey  become 
detached along pug seams w ith in  the  shear zone.

As now understood th e  channel is confined to  a 
much narrow er zone th an  h itherto . Even th e  long, 
narrow, ore-bodies m ined in th e  southern  portion  of 
the  South Blocks (Zinc Corporation) workings and 
form erly believed to  be largely w ith in  th e  shear- 
zone, are now considered to  occur w ith in  extensions 
of th e  large “  bulges ” developed in  th e  northern  
portion  of th e  leases. An extrem e condition is 
postu lated  in  which th e  drag-folds are “  teased 
ou t ” very acutely  along th e  shear-zone. U lti­
m ately the  trace of th e  m ain lode would be repre­
sented by  a confined zone of shear w ith in  which 
veinlets and sm all lenses of sulphides w ith  siliceous 
m aterial are likely to  occur. In  fact, th e  evidence 
of the  exposures in  th e  R ising Sun m ine suggests 
th a t such is th e  case.

Before passing to  th e  o ther u n its  of struc tu re , 
a tten tio n  m ust be draw n to  th e  fact th a t  the  m ain 
lode channel has not been recognized in  the  workings 
of th e  N orth  m ine.

(2) Western ore-bodies (A nticlinal) and  (3) Eastern 
ore-bodies (Synclinal)—

These tw o un its possess m any  features in  
common, and  m ay be grouped for descriptive 
purposes. The m ain po in ts of sim ilarity  m ay  be 
sum m arized as follows—

(а) Developm ent w ith in  a ltered  and  drag-folded 
sediments which represent displaced portions of a 
formerly continuous series. T h a t is, th e  one is the  
counterpart of the  o ther in  the  stru c tu ra l sense.

(б) In tim ate  a tta ch m en t and  relationship to  
the  m ain lode channel.

(c) Conform ity in  general outline to  th e  bedding 
planes of contiguous sediments.

(d) “  Open ” ends of th e  extrem e lim bs of th e  
folds. Ore "p in c h e s  o u t "  betw een bedding 
planes.

(e) G reat d iversity  of size and  shape of m em bers 
of each group y e t com parable in  fundam ental form, 
namely, an  anticline (western ore-bodies) or a 
syncline (eastern ore-bodies).

(/) Common origin of th e  struc ture  and of the  ore.
Essential differences betw een th e  tw o are, firstly, 

an  anticlinal form in the  w estern ore-bodies in 
contradistinction  to  a synclinal section in th e  eastern  
exam ples ; and  secondly, th e  d istribu tion  of the  
form er on th e  western side of th e  m ain lode channel 
as opposed to  the  a rrangem ent of th e  la tte r  on th e  
eastern  side of th a t  feature.

The im p o rtan t po in t to  be stressed is the  fact th a t

th e  m em bers of each un it, though  exhibiting  great 
d iversity  of size and shape, bo th  in p lan  and  section, 
nevertheless are com parable in basic principles, and 
m ay  be referred e ither to  an  an tic linal struc ture  on 
th e  one h and  or a  synclinal fold on th e  other. In  
fact, th e  use of th e  singular noun “  ore-body ” for 
each u n it would be more correct, as all exam ples 
in  each group belong v irtua lly  to  one and  th e  same 
structure .

The w estern ore-bodies were regarded form erly 
as "  bulges ” a ttach ed  to  th e  “ Foot-w all L ode," 
and  were designated “  Hanging-w all ore-bodies." 
T heir behaviour in p lan  and section has been 
recorded by  m any  observers, an d  very  little  can 
be added now to  the  sta tem ents expressed by them . 
However, th e  p resent diagnosis adm its of no other 
in te rp reta tion  th an  the  dying ou t of th e  ore-bodies 
betw een th e  planes of bedding a t  some po in t in  the 
structure . The explanation  of the  origin of the  
general s tru c tu re  connotes such a  condition. The 
sam e m ay  be said of the  eastern  ore-bodies.

In  longitudinal section th e  ore-bodies p itch  in 
an undu lato ry  m anner, as shown by com parison of 
corresponding po in ts of a ttach m en t to  th e  m ain 
lode channel. The w estern exam ples are shallowest 
a t  th e  Thom pson shaft (British mine) and  in the 
v icin ity  of K ing shaft (Junction mine). Between 
these po in ts erosion has rem oved any  trace of them . 
F rom  K ing shaft th e  bodies p itch  northerly , but 
th e ir extension beyond the  Junction  m ine is 
obscure. On th e  other hand, a  general southerly  
p itch  from T hom pson’s shaft is apparen t w ith  a 
m ajor v a rian t in  the  na ture  of a sharp roll or peak 
in  the  south end of the  South mine.

In like m anner also, b u t no t in  the  same degree, 
th e  eastern  ore-bodies incline tow ard th e  north  and 
south  from  a  centre abou t th e  Block 14-British 
m ine boundary. To the  south of th is  po in t conditions 
appear quite  norm al, but, to  the  north, complex 
problem s arise which aw ait solution. E astern  ore- 
bodies have been identified in  Thom pson section 
(B ritish mine) on the  one hand, and th e  Junction, 
Marsh, and  Junction  N orth  w orkings on the  other, 
b u t the  relationships of these two occurrences are 
indefinite, although the  la tte r  exam ple certainly 
pitches tow ards the  north, and, finally, is exposed 
extensively in  the  N orth  m ine.

Subsidiary shear-zones of local ex ten t have been 
noted in  m any  places along th e  m arginal portions 
of b o th  eastern  and  western ore-bodies. The 
evidence suggests th a t  these have been form ed in 
areas where folding proceeded to  such an  intense 
degree th a t  the  rocks could n o t w ithstand  the 
strain , and  relief was found in  rup ture. The 
structures known as "  droppers ” in th e  central 
p ortion  of th e  field m ay  be included here ; the  
sulphides appearing to  have invaded zones of 
sheared gneiss, representing sharp folds in the  
underwalls of th e  ore-bodies.

(D ) Origin o f the Structure.— Folding m ovem ents 
culm inating  in  extrem e stretching and  shearing 
produced th e  structure  practically  in th e  form 
exhibited  to-day. Some degree of modification m ay 
have been exerted  during th e  period of ore-form ation 
b y  such m eans as the  growth under pressure of dense 
masses of sulphides and  gangue m aterials, b u t in  the 
m ain th e  results of such influences would appear 
negligible. The folding processes were no t of the  
norm al type, b u t were such as characterized com ­
pression of relatively  w eak (incom petent) beds 
in terpolated  betw een stronger (competent) 
m em bers. The term  "  drag-folding ” is used to  
designate deform ation under such circumstances.

2— 6
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the  incom peten t rocks being corrugated  and  
puckered against th e  stronger beds which are more 
com peten t to  resist th e  forces of com pression and, 
hence, possess re la tively  sim ple curves of folding.

T he successive stages in  th e  grow th of th e  
s tru c tu re  m ay  be outlined as follows—

Stage 1.— Com m encem ent of com pression w ith  
production  m ainly  of gentle folds, b u t a  tendency  
to  developm ent of a  m ajor fold in  one place.

Stage 2.— Folds becom ing more acute, lim bs being 
stretched, and  “ th ickening "  under tension  a t  crests 
of antic lines and  troughs of synclines. R ela tively  
g reater corrugation  in  .incom petent beds w ith  
m ovem ent of these  upon th e  neighbouring com ­
p e ten t beds, "  squeezing ” of incom peten t beds in 
places (X).

Stage 3.— E xtrem e asym m etrical condition  
reached. L im bs of com peten t folds v ery  a tten u a ted . 
Incom peten t m em bers “ squeezed ou t a t  X  and  
com peten t beds p ractica lly  b rought in to  ju x ta ­
position a t  these p o in ts .”

Stage 4.— (a) E x trem e stre tch ing  of lim bs w ithout 
actu a l ru p tu re— an  abnorm al condition. Or (b) 
R u p tu re  along a tten u a ted  lim b and  developm ent of 
the  shear-zone (m ain lode channel). E ith e r of these 
m ovem ents would cause disp lacem ent and  account 
for th e  p resen t re la tive  positions of th e  anticline.

Stage 5.— M odification of th e  sim ple curves of th e  
com peten t beds by th e  im position upon th em  of 
com plex corrugations, p a rtly , by  "  dragging " along 
th e  shear-zone in  places where relief was found in  
ru p tu re  and, p a rtly , as a  resu lt of extrem e com ­
pression in  sections where stre tch ing  of the  lim b 
ra th e r th a n  ac tu a l ru p tu re  to o k  place.

D uring Stage 4 th e  s tru c tu re  a tta in ed  th e  ideal 
condition and, in  general principle, th e  form  of the  
B roken H ill lode, if th e  m ateria ls of th e  ore-bodies 
be substitu ted  for th e  incom peten t beds. H ow ­
ever, as m ight be expected, the  altered  sedim ents, as 
a whole, presented varia tion  in  th e ir  degree of 
resistance to  th e  forces exerted  upon th em  and  the  
less yielding w ithstood greater com pression and 
“ d ragg ing ,” finally, to  be ben t in to  th e  com plex 
shapes of Stage 5.

(E ) Post-Lode Faults.— In  th e  past, no tab ly  by  th e  
Geological Sub-Com m ittee, im portance has been 
a ttach ed  to  certain  fau lts of which th e  “ In te r ­
secting fau lt ” is th e  best know n exam ple. These 
phenom ena m ay  be expressed, firstly, by  a  single 
pug seam, secondly, by  a  sub-parallel series of such 
seams, or th ird ly , b y  a narrow  zone, a  few feet in  
thickness, hav ing  defined walls and  occupied in  p a r t  
by  "  ru bb ly  ” or fragm ental m ateria l, resulting  
from  crushing. Slickensides are com m on also along 
th e  planes of m ovem ent. The fau lts in  question are 
p resen t alike, in  ore-bodies, in  th e  m ain  lode 
channel, and  in  th e  country-rocks. They possess 
g reat d iversity  in  d irection  and  degree of hade, 
b u t th e  displacem ent effected by  them  is relatively  
insignificant, p robably  no t exceeding 50 ft. 
horizontally  or vertically .

There can  be no d oub t th a t  such fau lts are of 
post-lode age and  originated p a rtly  from m ovem ents 
along or w ithin pre-ex isten t zones of shear and 
p a rtly  from  th e  a tte m p t to  reach a  condition of 
s ta tic  equilibrium  on th e  p a r t  of neighbouring 
m asses of different density. To th e  form er group 
belong th e  “ In tersec tin g  fau lt ” developed along 
a  “  k ink  ” in  th e  m ain  lode channel ; th e  pug 
seam s w ithin, and  parallel to  th e  foliation of the  
sericite schist of th e  channel and  th e  fau lts related 
to  close folds in  th e  walls of th e  ore-bodies.

Differences in  specific g rav ity  e ith e r between 
contiguous portions of an  ore-body, such as dense 
sulphides in com parison w ith  lean  siliceous masses, 
or betw een ore and  unreplaced gneiss, probably 
resulted  in  block m ovem ent and  slum ping equivalent 
to  local post-lode faulting.

(F) Abnormal Occurrences.— (1) The Z inc Lode.— 
The zinc lode developed in th e  Zinc C orporation and 
South m ine leases is a  narrow  b u t regular zone of 
segregation of sulphides conform able to  th e  structure 
of th e  neighbouring gneisses. I t  is n o t know n to be 
connected w ith  a n y  zone of shear or s tra in  and is 
separated  from  th e  m ain  lode channel by  a  con­
siderable th ickness of a lte red  sedim ents in  which a 
sporadic developm ent of sulphides, garnet, 
rhodonite , pegm atite , and  siliceous m ateria l is 
apparen t. The m ass of a lte red  co u n try  w ith  its 
associated sulphides— including th e  zinc lode— 
form s an  im p o rtan t geological u n it  which lies 
s tra tig raph ically  above th e  w estern ore-body and 
appears to  p itch  in  sy m p ath y  w ith  it.

The zinc lode is sim ple in  form — a regular, tabular 
deposit, paralle l to  th e  bedding planes of th e  altered 
sedim ents, p ractica lly  vertica l as fa r as exposed 
and  persisten t in  strike. Thus, its  outline , in  plan 
and  section, co n tra sts  w ith  th e  com plex shapes 
assum ed by th e  ore-bodies of th e  B roken  H ill lode 
p roper and  it  can only be suggested th a t  th e  beds 
contiguous to  th e  form er were stronger and  more 
com peten t th a n  th e  country -rocks of th e  latter, 
and  th u s  were enabled to  re ta in  th e ir  s ta tus as 
norm al folds, in  co n trad is tin c tio n  to  th e  intense 
puckering  and  co rrugation  of drag-folding.

(2) E ast Vein, B ritish  M in e .— In  th e  B ritish  mine, 
Blackwood section m ore particu la rly , relatively 
sm all m asses of ore, developed considerably  to  the 
eas t of th e  m ain  lode channel, are grouped usually 
under th e  te rm  "  E as t V ein .” T hey  are  quite 
separate  and  d is tin c t from  eastern  ore-bodies proper, 
-which are p resen t in  th e  m ine also, b u t exh ib it so 
m an y  features sim ilar to  th e  m ajo r s tru c tu re  that 
th e  “  E as t Vein ” as a whole m ay  be regarded as a 
replica of th e  m ain  lode w ith  th e  exception  th a t  no 
stru c tu re  com parable w ith  a  w estern ore-body has 
y e t been revealed. The ore-bodies lie to  th e  east of a 
defined channel, which possesses a  persistent 
easte rly  dip and exh ib its evidence of b o th  post-lode 
and pre-lode m ovem ent, a p ro m in en t layer of pug 
or dig being form ed along it. L ike th e  m ain  lode 
channel, in  itself i t  has no com m ercial importance.

All th e  features of drag-folding and  convergence 
ty p ica l of th e  m ain  lode are repeated  in  th e  eas t vein 
workings. The ore-bodies conform  to  th e  planes of 
bedding of th e  gneisses and  are a tta ch ed  ultim ately 
to  th e  channel in  som e places, while, in  other 
exposures, a barrie r of stra ined , sericitic  schist 
ex ists betw een th e  pug  seam  and  th e  ore.

The east vein has no t been recognized in  the 
neighbouring Block 14 m ine, its  tren d  being 
southerly  and  d istin c tly  d ivergen t from  th e  general 
strike  of th e  m ain  lode.

C o n c l u s i o n .— I t  is contended th a t  sufficient 
evidence has been adduced  to  p e rm it of a  simple 
exp lanation  of th e  s tru c tu re  of th e  lode, b u t it is 
only by  th e  app lication  in  a c tu a l p rac tice  of the 
basic principles enunciated  th a t  th e  hypothesis can 
be supported or disproved. To date , th e  resu lts  of 
an y  prospecting  and  developm ent w ork done w ith  a 
realization  of th e  new ideas, to g e th e r w ith  m ost of 
th e  observations m ade by those  in tim ate ly  
associated  w ith  m ining operations a t  B roken Hill 
ten d  to  verify  th e  conclusions. T hus m an y  of the
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problem s peculiar to  th e  m ining geology of the 
Broken H ill lode have been simplified and  p a rtly  
elucidated.

Much rem ains to  be done in  th e  system atic 
correlation of geological features as m ining proceeds 
so th a t  am ple opportun ity  will be afforded to  te s t

th e  accuracy or otherw ise of th e  diagnosis. I t  is 
hoped, therefore, th a t  some m easure of assistance 
m ay accrue to  those concerned in  th e  fu ture 
developm ent of th is  m ost im p o rtan t ore-deposit 
from an  appreciation  of the  fundam ents of its 
structure .

S C R E W - T Y P E  F A N S

manyoff

In  th e  Journal of th e  Chemical, M etallurgical, and 
Mining Society of South Africa for October last 
there appears a paper by Dr. J. T. M cIntyre on 
“ New Possibilities in Mine V entilation  w ith 
P articu lar Reference to  Screw-Type F an s .” In  the  
introduction  to  th is  paper th e  au th o r rem arks th a t  
it is generally realized th a t  the  recent wonderful 
advances m ade in av ia tion  since its  inception  and 
our em ulation of birds in flight a t  th e  beginning 
of th is  century, have had  a very  m arked  effect on 
our a ttitu d e  tow ards fluid flow problem s in all 
branches of industry . All th a t  can be learned 
from the actual observation of flying creatures 
has been utilized, plus a  v ast am ount of scientific 
research of a m ost ingenious and original character 
to  assist in  producing the  am azing a irc raft we have 
to-day capable of speeds up to  a t  present 420 miles 
per hour. Thus in  every field of industria l ac tiv ity  
there are opened up new possibilities h ith e rto  u n ­
known and  no t th e  least of these is in  connexion 
w ith the m ovem ent of large quan tities of a ir  through 
mine galleries for efficient ventilation.

W ith  the  great depths a t  which some m ines are 
now operating m ethods of a ir m ovem ent th a t  proved 
successful for less exacting conditions a re  no longer 
permissible since the  secondary effects, such as 
heating of the  a ir in passing through th e  m achines 
and high resistances giving large pressure differences, 
all become m uch more prom inent th an  h itherto  and 
place definite lim itations to  fu rther progress. The 
problem  becomes more like th a t  m et w ith in high­
speed ro tary  machinery, where the  addition  of 
m aterial to  give increased surface for carrying the 
load actually  increases the  stresses instead  of 
reducing them . This is only one aspect of th e  case.

Another feature is th a t the  general difficulties of 
m ining are usually  increasing as the  easier worked 
areas are finished, so th a t w orking costs per ton  of 
m aterial m ust be kept constan t or even be reduced 
in order to  m ain tain  a  sound econom ic condition. 
Thus the  efficiency of the  w orking m ethods m ust 
increase and so i t  is w ith  th e  ventilation  system , 
which m ust give more a ir travelling  longer distances 
with the same horsepower as previously, or even less. 
Power utilized in  c reating  a ir flow for th is purpose is 
generally a 24-hour load every day  in the  year, so 
th a t even sm all percentage savings when m ultiplied 
by the  100% load factor soon show appreciable 
benefits and are well w orth the  closest investigation. 
Under R and conditions th e  production of each 10 
brake horsepower from an  electrical m achine having 
85%  efficiency, costs ¿160 per annum  exclusive of 
capital charges, w ith  a price of 0-5d. per kilow att 
hour and 100% load factor. The in troduction  of the 
more efficient m achine, however, m ust no t be 
accom panied by increased m aintenance and repair 
charges since th is  would depreciate the  advantage 
of th e  im proved perform ance.

A part from th e  m achine or fan creating  th e  a ir 
flow and  another aspect which is ju st as im portan t, 
is the  question of design and finish of the ventilation  
airw ays and the  layout of the  whole scheme. In  
a m ine these factors require th e  m ost careful and

continuous study  if th e  ven tila tion  efficiency is to  
be m ain tained  or increased and  it  is here again th a t 
th e  knowledge gained in  aerodynam ic research is of 
the  u tm ost value and can be u tilized to  give an 
appreciable advance in m ine ven tilation  m ethods.

A great deal of th e  knowledge now availab le  on 
fluid flow has been bu ilt from  the  work of th e  great 
physicists tow ards the end of las t century , and  more 
notable am ong them  as a specialist a t  th e  beginning 
of th is  cen tu ry  was Professor N. E. Joukovsky, of 
Moscow U niversity . H is great in tu itive  m athem atical 
ab ility  enabled him  to  create m athem atical expres­
sions for previously insoluble physical problem s 
connected w ith vo rtex  m otion, and  he established 
equations for the  now well-known Joukovsky 
aerofoil shapes and  by  th is  m eans it  was possible 
for him  to  calculate circulation  pa th s around these 
bodies when placed in  a stream  of a ir, or o ther fluid. 
One of th e  professor's pupils and  collaborators, 
Mr. M. T. A dam tchik, has carried  th e  work of his 
teacher a stage fu rth er and  has in terested  him self 
p articu la rly  w ith the  design of screw propellers, 
a t  first for w orking in  free a ir as used on aeroplanes 
and la te r  for pressure building qualities inside 
a length  of p iping or casing. This w ork of 
Mr. A dam tch ik’s led to  th e  m arketing  of the  
“  Aeroto ” screw -type fans which have m ade a name 
for them selves in  m any  branches of in dustry  and 
now w ith the  fu rth er help of design specialists in 
high speed ro tary  m achinery th e  new “ Aerex ” 
fan  has been developed. This la tte r  is som ething 
entirely  different from  any  previous type  and has 
m any special and novel features over its predecessors, 
and  has given efficiencies of the  highest order so far 
a tta in ed  w ith  air-propulsion m achines.

In  th is  paper the  au th o r describes shortly  the  
guiding principles for th e  use of screw -type fans, 
beginning w ith a  short résum é of thé in itia l develop­
m ents and design considerations and th en  passing 
on to  p a rticu la r features and  applications. The 
paper covers th e  following subjects : (a) Aero­
dynam ic and M echanical Design Considerations on 
Screw-Type Pressure Fans ; (6) Test Perform ance 
Curves ; (c) Types of Casing and Insta lla tion
M ethods Adopted ; (d ) Variable Perform ance
Booster Fans ; (e) Sm all E lectric  and  Air Driven 
Screw Fans for Connexion to  L engths of D ucting 
and General R em arks R elating T hereto ; (/)
Econom ies in  Driving Power and General 
Conclusions.

In  th is  final section th e  au th o r points out th a t 
in  estim ating  the  economies in  driving power to  be 
obtained by  the  use of screw-type fans of high 
efficiency, the  saving is no t only related to  the  
difference in  fan efficiency com pared w ith the  old 
type  of fan previously used, b u t the  to ta l pressure 
required to  pass the  sam e volume of a ir is reduced 
by the  avoidance of in le t and  ou tle t losses due to  
to rtuous passages and high leaving velocities. Thus 
th e  screw-type fan is no t required to  w ork against 
such a high w ater gauge, so th a t  a fu rther reduction 
in  power is possible and in  m any  cases th is  is only 
50%  or less th an  th a t  required on centrifugal
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ty p e  fans for th e  sam e air-volum e passing. There 
is also a considerable saving in th e  in itia l cost of 
in sta lla tion  and  a lthough th e  screw fan  itself m ay  
be a  little  m ore expensive, the  to ta l ou tlay  incurred 
to  get th e  fan  running  on site  is usually  very  m uch 
less. The cost of th e  p rim e m over is also reduced 
by  th e  use of h igher speeds and  decreased power 
rating . Thus every  u n it installed  is a  sound 
econom ic investm ent from  every po in t of view.

The feature  of re liab ility  has been well dem on­
stra ted  by  the  large num ber of these screw -type 
fans operating  for periods up  to  five years in  m any  
phases of land  an d  m arine work. A p articu la rly  
in te resting  app lication  requ iring  con tinuous 
absolu tely  non-stop running  for a  period of ab o u t 
tw o years is in  th e  cooling of glass furnaces. These 
new fans have now been adopted  as s tan d ard  by  
the  large glass factories in  Belgium and  have given 
100% service w ith  no breakdown, which would lead 
in  th is  instance to  a very  expensive stoppage of 
24-hours production  p lan t a p a rt from  th e  great 
difficulties of restarting .

In  B rita in , where th e  annual expenditu re  on 
driv ing  power for m ine ven tila tion  am ounts to  from  
three  to  four m illion pounds per annum , it has been

estim ated  th a t  th e  annual saving in  ru nn ing  costs 
by  m odernizing m ine v en tila tion  on th e  scientific 
lines described above would be a t  least one and 
a  ha lf m illion pounds. The expend itu re  of capital 
ad eq u a te  for th is  purpose would be recovered in 
m ost cases in  tw elve or eighteen  m on ths in  virtue 
of th e  saving effected. On th e  R and  a  somewhat 
sim ilar s ta te  of affairs ex is ts excep t th a t  on the 
deeper m ines th e  secondary effect of h eating  the 
a ir  in  passing th rough  th e  fan  due to  inefficiency 
an d  high pressure requires close a tten tio n . Im prove­
m ents on such schem es will requ ire  a  close study  of 
a ll th e  factors influencing th e  v en tila tio n  pressure in 
order to  reduce th is  to  a m inim um . M ethods of 
s tream lin ing  and  th e  general principles of aero­
dynam ics will have to  be applied in  ad d ition  to  the 
avoidance of restric tions and  leakages— the writer 
has described in  a  previous p ap er th e  precautions 
necessary to  a tta in  th is  end in  deep m ines. With 
these  ad ju s tm en ts  and  th e  use of th e  highest 
efficiency fans th e  fu tu re  prospects of obtaining 
reasonable w orking conditions underground  are 
g reatly  enhanced. In  general i t  should be realized 
th a t  sim plic ity  is th e  keynote  of success in  ventila­
tion , as also in  m an y  o ther w alks of life.

H O L L I N G E R  M I N E  G E O L O G Y

A prelim inary  paper by  Dr. L. C. G raton, H . E. 
M cK instry, and  others on th e  ou tstand ing  features 
of Hollinger geology appears in  th e  Canadian 
M ining  and Metallurgical Bulletin  for January . 
The au tho rs regard th is  paper as a brief record of 
th e  conclusions reached during a  s tu d y  of the  
Hollinger m ine which began in  June, 1929, and  was 
concluded in  October last. The au tho rs s ta te  th a t  
while intended to  give a  reasonably balanced 
perspective of H ollinger geology, th e  condensed 
presen tation  na tu ra lly  em phasizes those views 
which are n o t in  com plete accord w ith  accounts 
h itherto  published regarding th is  d istrict.

G e n e r a l  G e o l o g y .— As shown by Burrow s th e  
principal rock form ations in  the  Porcupine d istric t 
are volcanic flows referred to  K eew atin age and  
younger sedim ents of T im iskam ing age. B y careful 
m apping of sed im entary  outcrops and of flow tops 
Burrows showed th a t  th e  dom inan t s tru c tu re  is an  
east-p itching synclinal fold which has now been 
exposed by erosion in  such a  m anner th a t  the  
younger sedim entary  form ation is surrounded on 
th e  west, north , an d  sou th  by  th e  older folded 
volcanic flows. The au th o rs’ own detailed m apping, 
bo th  on surface and  underground, has m ade it 
possible to  subdivide the  K eew atin in to  well-defined 
persisten t horizons corresponding to  individual 
flows and sedim entary  beds, and to  ex tend  the  
deciphering of structure  beyond th e  area  worked 
ou t in  detail by  Burrows. This, in add ition  to  
confirm ing B urrow s’ in te rp reta tion  of th e  m ajor 
s tru c tu re  as an  easterly-pitching syncline, has 
revealed o ther structures which we in te rp re t as the  
reflection of earlier periods of folding.

T he detailed s tra tig rap h y  is no t given in  th e  
paper, b u t th e  grouping in to  several series is as 
follows—

T i m i s k a m i n g  :
Conglomerate, slate, greywacke, etc.

K e e w a t i n  :
Porphyry-bearing  agglom erate and  con­

glomerate.

Gold Centre Series.— G reenstone flows with 
well-defined tops.

Vipond Series.— G reenstones ; also pillow 
lavas characterized  by  spheru litic  tex tu re  ; 
certa in  form ations a re  palagonitic. Ninety- 
nine Flow  form s th e  b o tto m  of th e  Vipond 
Series.

Central Series.— A lterna tion  of greenstones and 
am ygdaloidal pillow  lavas.

M cIntyre Series.—-Thin an d  discontinuous 
carbonaceous bed overla in  by  greenstone and 
a t  least one pa lagonite-bearing  flow.

Northern Series.— Greenstones w ith  am yg­
daloidal pillow lava. S im ilar to  Central 
Series.

S t r u c t u r e .— As in te rp re ted  from  m apping of 
recognizable rock form ations, th e  m ost im portant 
events of th e  s tru c tu ra l h isto ry  were as se t forth 
hereafter.

Folding.— Probab ly  before T im iskam ing  deposi­
tion , th e  K eew atin  rocks were m oderate ly  folded 
along an  eas t-w est axis. Evidence for th is  early 
period of folding is found in  th e  re la tio n  of porphyry 
to  a syncline of th e  M cIntyre form ation  in the 
northern  p a r t  of th e  m ine ; th e  beds of th e  syncline 
are cu t by  a  dyke-like body of porphyry , whereas 
folding of th e  m ain  period is believed to  be later 
th an  th e  porphyry . This syncline now plunges 
steeply to  th e  east. Subsequent to  th is  first deform a­
tion and  p robab ly  a fte r T im iskam ing deposition, 
ano ther early  period of folding along a  n o rth —south 
ax is produced an  an tic line  in  th e  Vipond Series ; 
th is  fold, which th e  au th o rs  designate th e  Vipond 
cross-anticline, died ou t in th e  lower form ations.

Then cam e th e  m ain  period of post-T im iskam ing 
folding, which is responsible for th e  b roader features 
of struc tu re  in  th e  d is tr ic t and  in  th e  m ine. It 
produced the  east-p itch ing  Porcupine syncline and 
a t th e  sam e tim e d isto rted  th e  older n o rth —south 
antic line  in  such a m anner th a t  th e  p o rtio n  of the 
anticline lying on th e  n o rth  lim b of th e  main 
syncline assum ed a  steep south-w est p itch  an d  the 
portion  on th e  sou th  lim b assum ed a north-w est
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pitch. The ax is of th e  older an tic line  w as itself 
drag-folded like th e  con tacts of th e  flows.

The resu lt of these successive periods of deform a­
tion  was th a t  in  th e  H ollinger m ine, which lies on 
the  north  lim b of th e  m ain  syncline, Ninety-nine  
Flow dips southw ard a t  an  average angle of abou t 
55° in th e  central portion  of th e  m ine and  strikes 
eastw ard across th e  p roperty . B u t w estw ard 
Ninety-nine Flow  passes across th e  no rthern  end 
of the  Vipond anticline. In  plan, th is  now south- 
westw ard-pitching cross antic line  is expressed in 
form ations im m ediately  overlying Ninety-nine Flow  
as a long south-w estw ard-pointing peninsula ex tend­
ing obliquely across th e  ax ia l plane of th e  m ain  
folding. Below (i.e. n o rth  of) Ninety-nine Flow, 
form ations of the  Central and  Northern series have 
been folded in to  a m inor east-w est anticline of the 
ty p e  norm ally formed on th e  flank of a  m ajor 
syncline.

Foliation.—D uring or following th e  m ain  period 
of folding, the  rocks of th e  d is tric t were rendered 
schistose in varying degree. Schistosity is, in  a broad 
way, parallel to  the  ax ia l p lane of m ajor folding in 
the  sense th a t, ignoring local exceptions noted 
below, th is  strike is everywhere w ith in  20° of east 
and the  dip is w ith in  10 to  15° of vertical. However, 
on the  north  lim b of th e  syncline, th e  dip of the  
foliation is steeply south, while on th e  south  lim b 
it is steeply north . There is great v a ria tion  in the  
in tensity  of shearing and schistosity  from  place to  
place. Thick and coarser-textured flows escaped 
w ith less intense developm ent of shearing and 
foliation th an  th a t  which affected pillow lavas .or 
th in  flows. B ut along certain  strong shear-zones 
schistosity is especially developed regardless of the  
n a ture  of th e  rocks involved ; doubtless, however, 
the  shearing itself was localized in th e  broad way 
by th e  strength  and distribution of th e  rock masses. 
The schistosity is not only p lanar— it has a  m arked 
linear elem ent, which is expressed in  elongation of 
nearly  every feature in  th e  rocks in  a  direction 
pitching downward to  the  east. The schistosity 
was la te r deform ed locally.

Faulting.— F au lt m ovem ents took  place a t  a 
num ber of stages in the  geological h isto ry—before 
porphyry  intrusion , a fte r porphyry  in trusion  and 
folding, and afte r ore deposition. The M ain  fau lt, 
which is th e  m ost conspicuous and  continuous 
zone of dislocation, parallels the  m ain  ore- 
zone. I t  offsets th e  porphyry  to  th e  ex ten t of a 
few hundred feet ; the  m ovem ent appears to  have 
been m ainly pre-m ineral, though renewed m ove­
m ent after ore disposition has offset th e  veins a 
few feet. Post-m ineral fau lting  is ra th e r w ide­
spread, bu t only in  a few instances has m ovem ent 
been sufficient to  cause difficulty in  following veins.

O r e  D e p o s i t s .— A rem arkable profusion of veins 
is present in th e  Hollinger mine. The ve in-pattern  
is highly com plex in its broader aspects and even 
more in tricate  in  detail. The vein system  of the  
upper levels swings in  a broad arc from a n o rth ­
easterly  strike in th e  w estern p a r t of the  p roperty  
to  a more easterly  strike  in th e  eastern  portion. 
The ore-bodies are com m only so arranged w ith 
respect to  each o ther as to  produce a p a tte rn  either 
braided or en echelon. The individual ore-bodies 
are in the  usual case them selves com posite, con­
sisting of a  collection of stringers and  veinlets 
together w ith  the  im m ediately adjoining or in te r­
vening pyritized  wall-rock ; th ey  m ight more 
properly be called lodes th an  veins. As a  rule, they  
have nearly  eas t-w est strikes and steep dips.

From  a stru c tu ra l view point, th e  ore-bodies m ay 
be roughly classified as follows :—

1.— Simple veins, m ore or less continuous bu t 
usually  curving and  locally branching.

2.—•“ C ontorted ” veins, often consisting of a 
single stringer or vein which is highly sinuous and 
produces a  series of kinks and m eander-like curves. 
Some of these veins follow and replace drag-folded 
sedim entary  horizons, though  others occur w ithin 
essentially  uniform  rock form ations.

3.— Lodes consisting of essentially parallel 
stringers. M any of these lodes have a nearly  e a s t-  
west strike, as have th e  stringers th a t  com prise 
them .

4.— Lodes consisting of stringers in  en echelon 
arrangem ent. In  general, these lodes strike  n o rth ­
easterly, though  th e  com ponent stringers strike  
nearly  east-w est.

A lthough m any  of th e  veins have shapes w hich 
suggest, on casual observation, th a t  th ey  have 
experienced folding since deposition, evidence 
offered by  detailed study  is strongly against th is  
view. I t  is our conclusion th a t  th e  veins have no t 
been deform ed since quartz  deposition, except by  
m inor faulting. The shape of veins was determ ined 
in  its  broader features by  fractures which offered 
channelw ays of ingress to  ore solutions ; b u t in 
detail, th e  outlines were modified and rendered 
highly com plicated by  replacem ent of wall-rock 
ad jacen t to  th e  fractures. Replacem ent has played 
an  im p o rtan t role in  th e  em placem ent of vein 
m aterial, and  all stages have been observed from  
clean-cut non-replaced rock inclusions to  m ere 
residual wisps of schist and  patches of chlorite, 
pyrite , and  sericite in  th e  quartz  veins. Despite 
abu n d an t and  inescapable evidence of replacem ent, 
th e  change from vein-stuff to  wall-rock is comm only 
ab ru p t, so th a t  the  m argins of veins and  stringers are 
generally sharply defined. In  view of th e  abundance 
of qu artz  deposited and the  prevalence of replace­
m ent, there  is surprisingly little  partia l silicification 
of wall-rock.

Zoning of M ineralization.— D etailed s tu d y  of the  
m ineralogy of veins an d  stringers has revealed the  
existence of definite rudely concentric zones w ithin 
th e  property. In  th e  inner zone the  veins consist of 
qu artz  with subordinate to  ab u n d an t ankerite . 
Outside th is  central zone th e  veins are composed of 
quartz  and  calcite. A t m any, though not all, places 
near th e  boundary  betw een these tw o dom inant 
zones an  in term ediate  zone appears wherein m ineral­
ization  of e ither th e  quartz-ankerite  or quartz- 
calcite type  is accom panied by a lbite. The boundary  
betw een any  tw o zones is n o t a b ru p t an d  there  is 
usually  a transitional area  w ith in  which th e  
characteristics of e ither m ay occur. A single vein 
m ay th u s  be a lte rna te ly  of th e  quartz-ankerite  and 
of the  quartz-calcite  ty p e  over a  length of a hundred 
feet or more. Despite extrem e irregularity  in  shape 
and  lack  of definition in  th e  boundaries betw een the  
several zones, th e  zones, when viewed in  a broad 
way, are surprisingly regular.

Econom ically, the  im p o rtan t aspect of th is zoning 
is th a t  m ost of th e  productive veins occur w ithin 
the  quartz-ankerite  zone, a  sm all num ber of p ro ­
ductive veins occur in  th e  quartz-alb ite  zone, an d , 
w ith  hard ly  an  exception, veins in  th e  quartz- 
calcite zone are barren. The ankerite-bearing zone is 
characterized  by  occurrence in  or w ith th e  veins 
no t only of gold b u t of fine-grained py rite  ; in  fact, 
m uch of the  gold is in tim ate ly  associated w ith  th is 
pyrite . Scheelite, although sporadic in  distribution .
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is found alm ost exclusively in  th is  quartz -ankerite  
zone. On th e  o ther hand, ax in ite  and  clinozoisite 
a re  found exclusively in  th e  calcite zone. T our­
m aline occurs w ith  th e  veins of a ll zones.

The com m ercial veins and  lodes generally  com ­
prise e ither a cen tra l quartz -rich  vein w ith  m arginal 
bands of pyritized  country  rock, or a  collection of 
quartz-rich  vein lets and  stringers w ith  in tervening 
and  m arginal pyritized  rock. Inclusions of wall- 
rock in  various stages of a lte ra tio n  a re  com m on 
w ith in  th e  qu artz  or o ther gangue of th e  veins 
proper. D espite th e  general un im portance of gold 
in  wide, inclusion-free q u a rtz  veins, as la te r  
discussed, there  is, nevertheless, an  im p o rtan t 
dependence of the  gold on th e  p rox im ity  of plentifu l 
q u artz  ; single narrow  stringers rem ote from  broad 
quartz-rich  veins or lodes ra re ly  carry  sufficient 
gold, e ither in  th e  vein  proper or in  th e  ad jacen t 
wall-rock, to  constitu te  ore for m ining w idth.

Wall-Rock Alteration.—T hroughout th e  Porcupine 
d istric t, the  wall-rocks are a ltered  in  greater or less 
degree by  developm ent of carbonates and  o ther 
m inerals. W hile some areas of a lte ra tion  were 
ap p aren tly  established ahead of vein form ation, it  
is difficult if n o t im possible to  separate  a lte ra tion  
accom panying veins from  th e  general rock a lte ra ­
tion  of th e  d is tric t, or to  draw  a d istinction  betw een 
"h y d ro th e rm a l "  and " regional ” rock a ltera tion . 
In  fact, i t  m ay  be th a t  th e  observed w idespread 
a lte ra tio n  was caused by ascending solutions 
perm eating  th e  rocks th roughou t a wide region, 
while ore deposits resulted from  th e  sam e solutions 
in  those localized places where circulation was freest 
and  continued longest.

Source o f the Ore.— The ores of th e  Porcupine 
d istric t are unquestionab ly  of th e  ty p e  deposited 
under conditions of re la tively  high tem pera tu re  and 
great dep th  by  solutions em anating  from  an  igneous 
source. Inq u iry  in to  na tu re  and  location of th e  
pa ren t m agm a n a tu ra lly  leads to  a consideration 
of th e  age and  conditions of em placem ent of th e  
known in trusive rocks of th e  region. I t  is believed 
th a t  th e  q uartz  porphyry  was in truded  long before 
th e  in troduction  of the  ore and, we strongly believe, 
before th e  now-ore-bearing. T im iskam ing sedi­
m ents had  even been deposited. The au tho rs are, 
therefore, unable to  accept th e  view  th a t  the  
quartz -porphyry  in trusions are th e  source of th e  
ore. There is, on th e  o ther hand, am ple reason to  
consider th e  q u artz  m onzonite as derived from  a 
m agm a younger th a n  fhe  quartz -po rphyry  and  
in truded  during  or a fte r regional folding and 
schisting b u t before ore-deposition. This place in 
th e  tim e-scale, tak en  in  conjunction w ith  th e  
general d istribu tion  and the  com positional character 
of th e  quartz  m onzonite, afford plausible ground for 
en terta in ing  the  belief th a t  the  ore-solutions which 
yielded th e  Porcupine deposits were derived a t  
dep th  from  th e  sam e m agm a which furnished th e  
qu artz  m onzonite intrusions. Convincing proof of 
such genetic . relationship m ust aw ait evidence 
add itional to  th a t  encountered up to  th e  present.

Localization of Ore.— W hile th e  po rphyry  bodies 
are p robab ly  no t th e  m agm atic  relative of th e  ore, 
th ey  nevertheless played an  im p ortan t m echanical 
role in  its  localization. Large bodies of th is  rock 
having physical characteristics d istinc t from those 
of th e  lavas could scarcely have failed to  be 
influential in  determ ining places in which a com ­
posite rock-m ass under stress would yield by  
fracture. C ontem plation of th e  actual fracture 
p a tte rn  present in  and  near th e  Hollinger m ine

renders inescapable th e  recognition of a  physical 
re la tion  to  po rp h y ry  masses.

Genetic Classification.— The ores of th e  Hollinger 
m ine clearly  belong in  th e  h y p o th erm al class— 
th a t  is, when th ey  were form ed th ey  were a t  great 
dep th  below th e  th en -ex isting  surface. A t such 
dep ths th e  tem p era tu re  and  pressure g rad ien ts are 
gradual, and  th e  physico-chem ical effect of these 
on k ind  and  q u a n tity  of m inerals deposited from 
solution is therefore conducive to  constancy  in 
grade and  abundance  of ore. T his coincides with 
th e  know n h ab its  of deposits of th is  class, which are 
tow ard  persistence to  g reat dep th  provided structural 
conditions rem ain  favourable.

R e s u m e .— The m ore im p o rtan t conclusions of 
th e  pap er a re  set fo rth  categorically  a t  th e  end, 
and  these are reproduced here in  full.

Betw een certa in  of th e  K eew atin  lav a  flows are 
beds of sla te  and  chert, som e of w hich contain 
carbonaceous m a tte r , p robab ly  of organic origin. 
“  G raphitic  slips ” are  m ain ly  shears along which 
th e  carbonaceous sedim ent has been dragged.

Q uartz  po rp h y ry  of a lask itic  com position in­
tru d ed  th e  K eew atin  rocks before th e  m ain  period 
of post-T im iskam ing  folding and  p ro b ab ly  before 
T im iskam ing deposition.

A horizon of agglom erate or conglom erate, con­
sisting  largely of fragm ents and  boulders of alaskitic 
porphyry , lies above th e  m ore basic Keewatin 
lavas b u t below th e  well-bedded porphyry-bearing 
conglom erate of th e  T im iskam ing.

No support is found for th e  hypothesis of "  ecole 
in jec tion ."  The sm all elongate u n its  of porphyry 
are n o t "  fish ’’-like in trusive  bodies b u t are merely 
fragm ents or pebbles of po rphyry-bearing  breccia 
or conglom erate, respectively , n o tab ly  stre tched  at 
the  tim e of rock foliation. E n tire ly  sim ilar shapes 
are possessed by  th e  fragm ents or pebbles of 
K eew atin flow rocks in te rm ixed  w ith  th e  porphyry 
in  these  com posite accum ulations.

The principal folding was th a t  of eas t-w est axis 
which produced, or a t  least g reatly  accentuated, 
th e  Porcupine syncline, w ith  a tte n d a n t m inor an ti­
clines on its  flanks and  drag  folds of subordinate 
dim ensions where layers of different competency 
were in  contact. There h ad  a lread y  form ed a  rather 
sharp arch  along a  n o rth—south  axis, and, still 
earlier, one or m ore troughs of generally  east-w est 
axis. These earlier folds, especially  th e  transverse 
antic line, were strongly  deform ed by  th e  late 
dom inan t folding.

The strik ing  com plex ity  of vein  shapes is ascribed 
to  th e  effect of fracturing  stresses on rock  m aterial 
already  highly com plex stru c tu ra lly  and  to  selective 
replacem ent of con torted  beds ra th e r  th a n  to 
im p o rtan t deform ation  of th e  q u a rtz  veins a f te r  they 
were form ed. M inor fau lting  is th e  only post-vein 
d isturbance.

The m ajo r m ineralization  w as a single and  con­
tinuous though  som ew hat com plex process, during 
which th e  m inerals were p rec ip ita ted  in  a definite 
sequence. Gold deposition occupied a  span rather 
tow ard  th e  end of th is  process and  th e  deposition 
of q u artz  continued to  th e  close. D istrib u tio n  of the 
gold is n o t controlled by  la te  frac tu ring  of th e  quartz 
or by  deform ation  of th e  vein  walls, b u t ra th e r by 
th e  d istrib u tio n  of an k erite  and  p y rite  w ith  which 
it  is in tim a te ly  associated.

A zoning of m ineralization  is expressed by  the 
gangue m inerals. An inner zone of quartz-ankerite  
veins w ith  p y rite  and  gold is surrounded by an  outer 
zone of unproductive  q u a rtz  calcite  veins w ith  little
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pyrite. Betw een th e  tw o is a discontinuous zone of 
m oderate p ro ductiv ity  in  which e ither ty p e  of 
m ineralization is accom panied by  albite.

Ore deposition followed so long a fte r in troduction  
of the  quartz  po rphyry  th a t  ore solutions and  the 
porphyry  are p robab ly  independent as to  source. 
A plausible b u t unproved source of the  ore was the  
m agm a which yielded the  post-T im iskam ing quartz

m onzonite. The porphyry , however, did exert an 
undoubted  influence on gold localization, pa rtly  
th rough  m echanical control on fractu ring  and 
p a rtly  th rough  its  own chem ical inhosp ita lity , to  
gold precip itation .

On a  broad scale, th e  im p o rtan t deposits were 
form ed a t  places of extrem e stru c tu ra l com ­
plexity .

T H E  W A V E - T Y P E  T U B E - M I L L  L I N E R
In  the  Engineering and M in in g  Journal for 

January  E. D. M cIntyre, superin tendent of the 
reduction p lan t of New S ta te  Areas, L td ., discusses 
boltless cylindrical m ill linings. H e says the  wave 
type  of tube-m ill liner was designed to  grip the  
load or grinding m edium , th u s p reventing  slip 
and  insuring a vigorous inter-load action. A 
considerable am ount of th e  work done in  the  tube- 
mills on the W itw atersrand is by  causing the  load 
to  cataract. This catarac ting  is governed by the  
peripheral speed of th e  m ill and the  angle of liner 
grip, which effects fall of the  grinding or crushing 
m edium on the  ore. Given sufficient peripheral 
speed, a liner w ith too positive a grip will throw  
its load on to  the  liner on the  opposite side, above 
the  pulp level, thereby  w asting power th a t  should 
be consum ed in reducing ore. A liner th a t  is too 
flat will drop grinding m edium  on grinding medium , 
or give a cascade effect only under ideal conditions. 
The pulp a t  th e  base of the  load should be of 
sufficient volume so th a t energy im parted  by the 
cataracting  grinding m edium  will be absorbed in  it, 
a lthough it should not be of such a volum e th a t 
would cause energy to  be " sm othered .” The aim , 
therefore, is to  provide a type  of liner th a t  will 
give a m axim um  spin to  th e  ball or pebble and 
insure the correct drop when the  liner is half-worn.

The corrugated liner described in  the  article, 
a  common type, is m ostly m ade of hard  white iron 
w ith sufficient chrome, or m anganese, or both, to  
toughen it. E ach block weighs from  120 to  175 lb. 
Dimensions vary  according to  requirem ents, the 
average being about 19 in. long by  10^ in. wide by  
4 in. deep, rounded off to  1J in. a t  th e  fitting  edges. 
The weight of a com plete set of liners for a 6 ft. 6 in. 
by 20 ft. m ill is abou t 17 tons. In  th is  liner the  
corrugations are regular, except th a t  th e  con­
cavities are generally narrow er th an  th e  convexities, 
to  prevent undue wear a t  the  joints, which wear 
is influenced by th e  size of th e  grinding medium. 
The ends of th e  blocks are rough and  th e  jo in ts 
abut. The blocks from  th e  in le t end of th e  m ill 
are th icker th an  those from  th e  centre outw ards, 
so th a t the liner m ay be com pletely worn ou t before 
being discarded. G reater w ear tak es place a t  
the inlet end, so th e  first ha lf of th e  liner m ay  be 
J  in. th icker there. W ith  good operation i t  should 
re ta in  a corrugation u n til ready  for discard, bu t 
it will be considerably flattened, m easuring § in. 
a t  the  edges to  2 in. a t  th e  highest poin t, though 
th is shape will no t ob tain  w ith  poor-quality  castings.

L iner blocks are p u t in  a  sliding tiltin g  cradle 
a t  the  foundry, which passes them  to  and  fro before 
an  em ery wheel. This straightens th e  edges and 
splays th em  so th a t  th e  rad ia l lines a re  correct. 
A gage is passed over them  before acceptance.

The door of th e  tube-m ill is th e  s ta rtin g  po in t 
for lining. F ram e pieces, cast to  th e  p a tte rn  
adopted , fit around  th e  door opening, allowing

p len ty  of clearance. Assum ing th a t  th e  door 
m easures 24 by 18 in., each half-fram e would be two 
block lengths of 19 by l£ in .  units, or 15 in. w ith 
th e  door portion  housed out. These fram es p u t 
together show 6 to  7 in. of m etal around the  door 
opening. A door piece to  com plete th e  liner is 
bolted to  th e  door cover and th is  piece m ust have 
the  sides and ends well splayed to  facilitate  w ith ­
draw al for inspection purposes.

Jacks are necessary for lining. These are usually  
m ade of rock-drill screws fitted in to  pipes, having 
a hollow foot and head to  go over the  rounded 
liner. A length of 3-in. pipe, w ith  a pronged 
footpiece welded in  a t  one end and  th e  n u t for 
th e  rock-drill screw (2 in.) welded in  th e  other, 
m akes a  good ligh t jack  ; b u t bo th  n u t and  foot­
piece m ust be collared over the  pipe to  tak e  the 
th ru st. The screw m ust have a plain, enlarged 
square, near one end, th rough  which holes are bored 
for tom m y-bar operation, or i t  m ay  be tu rned  
w ith a spanner or wrench. Above th e  square
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th e  screw is tu rn ed  plain  for ab o u t 2 in. This fits 
easily in to  a shallow U-piece, corresponding to  the  
footpiece ex ternal to  th e  pipe. Six of these  jacks 
a re  necessary when lining a tu b e  m ill, or one to  each 
row of blocks p u t in a t  one tim e.

L ining is sta rted  w ith  th e  door a t  th e  bottom . 
T he fram e pieces are p u t carefully  in  position 
around th e  door, m aking  sure th a t  all a re  stra igh t. 
Six circles of blocks m ay  be p u t in  thus, laying 
th em  on bo th  sides of th e  door piece, up  to  the  
centre of th e  mill, when a  jack  is spanned across, 
g ripping th e  top  blocks of each row. As th e  jacks 
are tightened, th e  blocks m ust be ham m ered 
together, so th a t  a ll fit tigh t. Sufficient a re  p u t 
in to  th e  tu b e  a t  each end and  c lear of th e  jacks 
to  com plete th e  six circles when th e  m ill is tu rn ed  
over. A fter m aking  sure th a t  all jacks are  secure, 
th e  m ill is tu rn ed  around  w ith  chain  tackle. As 
i t  revolves blocks are laid  to  com plete th e  circles ; 
and  then , when th e  la s t is in, a  space of ab o u t 1 in. 
should be availab le  for keying purposes. The 
keys a re  inserted  in  th e  righ t-hand  corner a t  an  
angle, downward. This allows th e  block com pleting 
th e  n ex t circle to  pass under it. As each row  is 
com pleted keys are inserted  an d  tem porarily  
tap p ed  up. W hen th e  six rows are  laid  a ll keys 
are slogged hom e and  th e  jacks rem oved, when 
th e  nex t s ix  rows m ay  be s ta rted . D uring  th e  
keying operation  th e  jacks are slackened ju st 
enough to  allow th e  tig h ten ing  m ovem ent to  tak e  
place over th e  whole circle.

T apered b ar iron is procurab le  1 i  in. wide and in 
vary ing  thicknesses, which com pensate for in­
equalities in  keying spaces. Sizes of tapered  iron 
s ta r t  from  0 to  £ in., rising by  e ighths of an  inch 
to  1 in. If £ in. or m ore keying space is left, the 
liner will no t drop because of w eak  keys, b u t the 
edges m ust be well fitted. Should th e  keying 
space be too  wide pack ing  pieces m ay  be used in the 
final few jo in ts to  bring th e  las t ones closer. Some 
operato rs insert th in  shim s betw een th e  left-hand 
jo in ts of th e  la s t block or tw o, w hereby the 
opening of th e  las t jo in t will be w ider on the  right, 
or keying, hand , th u s  insuring a  driv ing  fit to 
th e  key.

The tim e  tak e n  in  lin ing  a 6 ft. 6 in. by  20 ft. 
tu b e  m ill is seven hours and  th e  sam e m ill can 
be stripped  of old liners, relined, and  th e  load put 
back for s ta rtin g  in  eighteen hours, w ith  a gang 
of ten  kafirs.

In  b reaking down an  old liner th e  blocks should 
be th in  enough to  p e rm it th em  to  be broken with 
sledge ham m er. A w eak section is selected and 
struck  w ith  th e  sledge ham m er, stand ing  well 
to  one side. F rac tu re  of th e  block should allow 
th a t  row  to  fall, b u t some blocks m ay  have to  be 
pried  down w ith  a  pinch bar, if pieces of metal 
becom e wedged in  th e  ends. Should th e  liners 
be unbreakable , or if th e  liner has to  be removed 
before i t  is w orn out, th e  keys m ust be drifted  out, 
using tools th e  shape of which will be suggested 
to  th e  operator.

M A N I T O U  L A K E ,  O N T A R I O

A prelim inary  rep o rt by  J. E . Thom son on th e  
M anitou L ake area  has been issued by  th e  D ep art­
m ent of Mines of O ntario. The a u th o r says th a t  
during  th e  p a s t sum m er he was engaged in  m aking 
a geological survey in  th e  v ic in ity  of M anitou Lake, 
which is s ituated  south  of W abigoon sta tio n  on the  
C anadian Pacific R ailw ay in the  d is tric t of K enora. 
The area  exam ined during  th e  field season was the  
be lt of early  pre-C am brian rocks ex tending  from 
Anzhekum m ing (Upper M anitou) Lake eastw ard  to  
K aw ashegam uk and  S torm y Lakes, and  from 
M innehaha Lake on the  n o rth  to  M anitou, Meggisi, 
and  W apageisi L akes on th e  south. A bout th ir ty  
years ago M anitou L ake was th e  scene of consider­
able m ining activ ity . M any gold m ines were 
opened a t  th a t  tim e, b u t th e  g reat m ajo rity  of them  
never becam e producers. T hey were generally 
located on sm all gold-bearing q u artz  veins and 
an x ie ty  on th e  p a r t  of th e  m anagem ent to  install 
unnecessary surface equipm ent, including a  mill, 
long before these add itions were justified, generally 
led to  a  disastrous end. Only th ree  m ines—th e  
L auren tian , B ig M aster, and  Sakoose—have p ro ­
duced an y  appreciable am oun t of gold. Some of 
these old properties have been re-exam ined in 
recen t years, bu t, so far, none have received any  
fu rth er developm ent.

The M anitou area  m ay  be easily reached from 
e ither W abigoon or F ort Frances. A bi-weekly 
tran sp o rt service is offered during  th e  sum m er 
m onths from  W abigoon to  Gold Rock, a sm all 
village located a t  th e  northern  ex trem ity  of 
A nzhekum m ing Lake. The whole area  is do tted  
w ith  a m yriad  lakes so th a t  all p a rts  of th e  country  
m ay  be reached by convenient canoe routes. This

feature, com bined w ith  excellent rock exposures and, 
in  general, good bush for traversing , m akes ideal 
p rospecting  conditions.

The consolidated  rocks of th e  d is tr ic t consist of 
early  pre-C am brian  greenstones, sedim ents, granites, 
and  re la ted  rocks. K eew atin  acid and  basic lavas, 
w ith  associated agglom erate, volcanic tuff, and  grey- 
wacke, cover th e  g rea ter p a r t  of th e  area. On the 
north -east shore of M anitou  L ake th ere  is a narrow 
band  of gneisses and  sedim ents, som ew hat similar 
to  th e  C outchiching rocks on R a in y  Lake. A belt of 
d is tinc tly  sed im entary  rocks, p ro b ab y  Tim iskaming 
in  age, was located  during  th e  sum m er. Con­
glom erate, arkose, q u artz ite , sla te , greywacke, and 
some included volcanic m ate ria l a re  th e  pre­
dom inan t rock types. The belt averages ab o u t two 
m iles in w idth  and  is div ided in to  tw o p a r ts  which 
are on th e  sam e strike  b u t separa ted  by  an  intrusive 
m ass of gran ite . E ach  of th e  tw o be lts  has been 
traced  ab ou t 14 miles. These sed im ents extend in 
an  arc north -easterly  from  th e  n o rth  end of Manitou 
Lake to  near R a ttlesn ak e  L ake, where th ey  are 
nosed ou t by  granite. They are  again  found on 
W asheibem aga Lake and  were traced  eastward 
along th e  south  side of S torm y L ake to  its  south­
eastern  ex trem ity .

B oth  greenstones and  sedim ents a re  intersected 
by  sm all irregularly-shaped m asses of basic 
in trusives usually  a ltered  gabbro  or diorite . All 
th e  above-m entioned rocks are in tru d ed  by  granite 
and  associated aplites, lam prophyres, and  quartz 
and  felspar porphyries. These a re  A lgom an in  age. 
The porphyries occur largely as dykes, b u t two 
d istinc t stocks of q u artz  porphyry , approxim ately  
th ree  to  four square miles in  ex ten t, are foun™  One
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of these occurs north  of Boyer Lake, th e  o ther is 
on Thundercloud and  W asheibem aga Lakes. In  
the vicinity  of th e  M anitou Lakes gold-bearing quartz  
veins are found, these are genetically re la ted  to  the  
Algoman granite or porphyries. A few sm all dykes 
of Keweenawan diabase occur in  th e  d istric t. The 
greenstones and  sed im entary  rocks have been 
closely folded in  the  g reater p a r t  of th e  area. This 
is particu larly  tru e  of th e  belt extending from 
Anzhekum m ing L ake south to  M anitou Lake. 
Along th is  zone th e  rocks are often intensely 
schisted. A d istin c t fau lt or “ b reak  ” was traced  
south-westerly from  K abugukski (Mud) L ake for 
a distance of 16 miles to  M anitou Lake. Along th e  
east side of M anitou S tra its i t  cu ts off th e  be lt of 
sedim entary rocks. The fau lt is characterized by 
a narrow  zone of highly fissile schists ; in  th e  sedi­
m entary  rocks ad jacen t to  it, pronounced drag- 
folding, distortion, and  m inor fau lts m ay  be 
observed. The rocks in  th e  v icin ity  of Boyer, 
W asheibemaga, Storm y, and  W apageisi Lakes are 
generally massive, being largely pillow lavas, 
agglomerate, and conglom erate.

During recent years a lim ited  am ount of p rospect­
ing has been carried on in th e  d is tric t, th is  being 
chiefly developm ent work on old m ining locations. 
In  1928 and 1929 th e  Gold R ock m ine, located a t 
the south-west end of A nzhekum m ing Lake, was 
opened up. A shaft was sunk on a  small quartz  
vein to  a depth  which is reported  to  be 150 ft. and 
a small te s t mill was constructed. The m ine closed 
in 1929. On M anitou island in  M anitou Lake, a 
considerable am ount of surface developm ent work 
has been done by the  Anglo-Canadian Explorers, 
L td. A few quartz  veins were stripped and  a  zone 
of greenstone heavily im pregnated w ith  sulphides 
was opened up. The property  was dropped by the  
Anglo-Canadian Explorers and  restaked by 
Mr. F rank  Gaffney. A sample chipped across 12 ft.

M IN IN G  P E T R O L E U M  B Y -
A study  of m ethods of underground m ining 

for petroleum  as used in France and  G erm any and 
th e ir possible application to  depleted oilfields under 
American conditions, by George S. Rice, is contained 
in Bulletin 351 of the  U nited S tates Bureau of 
Mines. The following in troduction  tak en  from the 
paper explains the  scope of th e  investigation. The 
author says th a t the  m ethods of ex tracting  petroleum  
from sands or sandstones by wells have been studied 
for years but, while m ethods have been g reatly  
improved in  the  last decade, th e  present percentage 
of extraction of th e  to ta l am ount of oil in th e  sands 
according to  various petroleum  au thorities is usually 
only 10 to  30% . If stim ulative  m ethods are used 
under favourable conditions th e  recovery m ay  be 
greater. A lthough th is  situation  is com prehended 
by the petroleum  industry  it is no t generally known 
to  the public, because th e  fact is obscured by the  
great production of oil from  th e  opening up of new 
pools and by th e  developm ent of deeper oil-bearing 
sands in  older fields. The sm all percentage of 
po ten tial yield constitu tes one of th e  g reatest 
challenges to  engineers in  the  entire  m ining industry, 
because in  no o ther b ranch is so large a percentage 
of m erchantable m ineral left in  the  ground. For 
exam ple, in th e  coal industry , which has been a t  
tim es criticized for wastefulness, under present 
m ethods used in th e  U nited  S tates an  average of 
tw o-th irds of th e  coal is m ined and  one-third left

of sulphides by  th e  w riter assayed $42-80 per ton  
in gold. A nother sam ple chipped across 6 ft. of a 
nearby  qu artz  vein assayed $1-40 per to n  in gold.

A syndicate from Dryden has done a considerable 
am ount of trenching on claims on the  north-w est 
end of M anitou Lake. A sheared zone containing 
quartz  veins and  schist has been traced  abou t 650 ft. 
A sam ple chipped across 8 ft. of quartz  and  schist 
by  the  w riter assayed $ 1 -00 per ton  in gold ; ano ther 
sam ple from  th e  sam e vein  a t  ano ther location 
assayed $12-80 per ton.

In  June, 1931, Mr. Percy Hopkins, consulting 
geologist, exam ined the  Sakoose mine, located six 
miles south of D ym ent sta tion  on th e  C .P.R. 
Mr. H opkins has inform ed th e  w riter th a t  No. 1 
shaft averaged $17 p er ton  in  gold across 18 in. to  
a dep th  of 120 ft. and  sam pling of th e  open-cut to  
the  east of the  shaft averaged around $10 per ton  
in gold. Four short diam ond drill-holes were sunk 
west of the  shaft in an  endeavour to  find an  extension 
of th e  vein under drift, b u t i t  was no t located.

D uring th e  p ast sum m er, Chas. M errill of Gold 
Rock restaked th e  old Swede Boy location sou th­
west of A nzhekum m ing Lake. H e has recently  
uncovered a sm all vein, abou t 250 ft. east of the 
old Swede Boy vein, from which rich samples of 
free gold have been taken . Jonas W etclainen, also 
of Gold Rock, has th ree  claims east of Glass B ay on 
M anitou Lake on which some sm all gold-bearing 
veins have been uncovered. The road to  th e  
Reliance mine, near Carlton Lake, has been repaired 
p repara to ry  to  some developm ent work a t  the  
mine. The Swede Boy island in  Anzhekum m ing 
Lake was restaked during the  summer. A quartz 
vein on which an  old shaft is located occurs on the 
island. A grab sam ple of th e  broken rock on the  
old dum p assayed $8-80 per ton  in  gold. A gold- 
bearing quartz  vein also occurs on F ren ch m an ’s 
island in th e  sam e lake.

U N D E R G R O U N D  M E T H O D S
in  th e  ground. However, by  certain  well-known 
m ining m ethods practised in some of the coal­
fields only 5 to  10% of th e  recoverable coal is left 
perm anently  in  th e  ground and there is a constantly  
growing im provem ent in coal extraction  throughout 
th e  U nited S tates. In  those m etal m ines where the  
veins or deposits are well defined the  percentage of 
ex traction  of ore of profitable grade is very  high. 
T h a t th e  percentages of ex traction  of petroleum  
from  th e  ground m ay  and  undoubtedly  will be 
g reatly  increased in  th e  fu ture by  underground 
m ining m ethods where n a tu ra l conditions will 
perm it seems logical. The lim ita tions imposed by 
dep th , tem pera tu re, and  flow of w ater under high 
pressure through th e  sands a re  discussed later.

I t  is though t th a t  where th e  n a tu ra l conditions of 
th e  form ations are favourable and  when the  oil is 
of high q u a lity  and  no longer flows to  th e  wells 
and  when th e  price reaches a po in t where there is an 
incentive to  m ake th e  large in itia l expenditure 
necessary to  insure success in the  developm ent of 
m ethods no t ye t tried  on a  large scale under 
A m erican conditions m ining is likely to  be under­
tak en  in com petition w ith stim ulative m ethods 
from  wells. The term s "  oil m ining ” and " oil- 
sand m ining ” as ordinarily  employed com prise the 
driving of tunnels, galleries (French), or entries for 
drainage of oil from  a sand s tra tu m  and  usually  do 
no t include excavation  of the  oil sand, except
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incident to  th e  d riv ing of entries. U nlike m any  
o ther k inds of m ining, such as coal m ining, it is not 
possible first to  t ry  petro leum  m ining on a very  
sm all scale, then  develop it to  a larger scale. From  
an  investm ent standpo in t i t  is more ak in  to  the  
developm ent of g reat dissem inated bodies of ore 
involving underground caving m ethods which 
require large in itia l expenditure and  delayed returns.

According to  petroleum  engineers, oil moves 
late ra lly  through the  bedded sands to  wells, chiefly 
through the  agency of th e  pressure of gas stored in  
th e  sands and  oil. E xcep t where a  h y drosta tic  
head of w ater pushes th e  oil and  gas th rough  
porous sands, g rav ity  appears to  p lay  little  p a rt 
in  th e  m ovem ent of oil in to  th e  wells. Generally, 
oil wells reach th e  economic lim it of production 
because of exhaustion  of n a tu ra l gas associated w ith  
or contained under pressure in th e  oil, ra th e r th an  
because th e  oil itself is depleted. This is due to  the  
fact th a t the  propulsive and  expansive properties 
of gas under pressure are the  principal agencies in  
driving the  oil in to  the  wells. Under the  conditions 
in  m ost oilfields i t  has been found th a t, a lthough the  
im m ediate result of a  rap id  ra te  of uncontrolled 
release of th e  oil and  gas in to  th e  wells—and  of the  
n a tu ra l pressure of the  gas which is propelling i t—  
is a tem porary  increase in  the  production  of oil, the  
u ltim ate  recovery is likely to  be less th a n  under 
m ethods of controlled flow because, under 
conditions of “ open flow,” a fte r th e  first forced 
rush of oil m uch of th e  gas by-passes th rough  
channels or more porous places in th e  sand or rock 
and leaves the  oil behind in tig h t or less pervious 
places in  th e  sands or rocks.

The foregoing refers to  porous sands and  sand­
stones, bu t conditions are found in  certain  oil­
fields—for exam ple, in  the  well-known B radford 
field of Pennsylvania— where th e  oil fills the  pores 
of the  fine-grained sandstones so com pletely th a t  an 
augm ented (surface) pressure of w ater of 1,0001b. 
or more per square inch is required to  cause p en etra ­
tion  in  forcing oil ahead of th e  w ater to  th e  draining 
well.

Several m ethods of increasing recovery of 
petroleum  have been devised which have increased 
appreciably  the  ex traction  in m any  fields where the  
natural-gas pressure has been exhausted. These 
include forcing compressed a ir or gas in to  th e  oil- 
bearing form ations, replacing, p a rtly  a t  least, th e  
original gas pressure in  the  sand, and  "  w ater 
flooding ” by  which th e  oil is forced th rough  the  
sand to  th e  producing well. The use of chem ical 
solutions to  assist in freeing the  oil absorbed or 
adsorbed by th e  sands or pocketed in  rock spaces 
has been tested  during recent years. Such chem ical 
m ethod of trea tin g  oil-sand beds was advo ca ted  by 
the  U nited S tates Geological Survey in  1925. In  
practice it  is still in the  experim ental stage. 
A lthough undoubted ly  the  foregoing m ethods of 
using compressed air, gas, w ater, and  chem ical 
solutions will be developed more and more, there are 
physical conditions of the  oil sands and oil-sand 
rock form ations which m ake it  look doubtful 
w hether i t  will be feasible so to  tre a t  th rough  wells 
th a t  it  will be possible under m ost conditions to  
obtain as high a percentage of recovery of petroleum  
as m ay  be obtained, w ith in  lim its hereinafter 
defined, by  some suitable m ethod of m ining, w ith  
close spacing of drainage points.

A lthough the  w riter agrees th a t  there  are possi­
b ilities of g reatly  increasing recovery of oil from 
depleted sands by appropria te  m ining m ethods, it

is ev iden t th a t  there  a re  definite technical and 
com m ercial lim ita tions to  its app lication . These 
lim ita tions are found where there  is too  high a 
pressure of gas, oil, or w a ter in th e  sand  an d  also 
where th e  rock pressure is too  high  for successful 
m ining or else th e  ground tem p era tu re  is too high 
for th e  m en to  work. The lim itin g  pressure of gas, 
oil, or w ater depends on o ther conditions in the 
form ation  and  can n o t be s ta ted  in  general terms. 
As regards possible dep th  of m ining, ten ta tiv e ly  the 
suggested lim it should probab ly  be n o t greater 
th a n  th a t  of th e  deepest coal m ines, which reach a 
dep th  of ab o u t 6,000 ft. in  Europe. A part from 
questions of th e  value of a m ineral being m ined a 
high ground tem p era tu re  th a t  can  be reduced only 
to  a lim ited  e x ten t by  artificial m eans provides the 
final controlling lim it to  deep m ining.

P rim itive  m ethods of m ining shallow oil-bearing 
form ations have been used for ages in  Asia Minor, 
first by  m erely bailing from  n a tu ra l oil springs and 
la te r by  digging p its or shallow  wells and  driving 
short d rifts  in to  oil-sand outcrops ; th e  oil seeps in 
and  th en  is bailed out. A t a la te r  period wells were 
sunk  by hand  to  considerable depths, a practice 
th a t  prevailed  in  sou th-eastern  Europe, as in 
R um ania , u n til recently . Such m ining methods 
were p ractised  several cen turies ago in  France and 
G erm any in localities where la te r  th e  only intensive 
underground m in ing  for petro leum  as y e t is being 
done, as described herein.

The general studies presented  in  th is  paper were 
begun in  1923, w hen a t  th e  request of th e  then 
d irector of th e  U nited  S ta tes B ureau of Mines, 
Dr. H . F oster B ain, th e  w riter underto o k  to 
investigate  general m ining m ethods in Europe and 
v isited  th e  oil-sand m ines a t  Pechelbronn, Alsace, 
France, and  W ietze, H annover, G erm any. Subse­
quently , in 1925, th e  w riter w ith  his associate, 
John  A. D avis, p repared  a paper describing these 
m ines for p resen ta tion  to  th e  A m erican In s titu te  of 
M ining and  M etallurgical Engineers. Recently, 
despite th e  flood of petro leum  produced in  la te  years 
b y  wells in w estern  and  sou thern  fields, there  has 
been a  continued in terest in  th e  sub ject of under­
ground m ining in P ennsy lvan ia  oilfields, and  the 
au th o r addressed th e  E ngineers’ Society of W estern 
Pennsylvania inform ally a t  P ittsb u rg h  on February 
25, 1929. In  view  of th e  in te rest shown in the 
address and  discussion a t  th a t  m eeting, which 
were no t published, i t  w as deem ed desirable by 
D irector Sco tt T urner th a t  a form al p ap er on oil- 
sand m ining be issued by th e  B ureau of Mines, to 
include bo th  old and  also new  m ate ria l gathered 
by th e  w riter in  v isits  to  th e  Pechelbronn and 
W ietze m ines in  October, 1929, an d  subsequently 
by correspondence w ith  th e  operato rs of these 
m ines ; also te s t d a ta  of oil-sand sam ples sub­
m itted  by the  w riter and  exam ined and  reported 
on by Dr. P. G. N utting , th rough  th e  courtesy  of 
th e  U nited S tates Geological Survey, and  references 
to  new m ateria l in  recent publications.

The following conclusions are se t o u t by  the 
au th o r a t  the  end of th e  bu lle tin . H e says—

(1) W here conditions are favourable, mining 
m ethods in depleted- oilfields m ay  bring  large 
financial re tu rns and  recover oil th a t  m ig h t other­
wise be lost.

(2) Favourab le  conditions m ean—
(a) T h at there  is rem aining, in  a t  least one oil 

sand, sufficient oil, of which a t  least 5,500 barrels 
m ay  be recovered per acre, by  drainage or by 
repressurm g system s.
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(b) T h at there  is a tigh t, firm shale s tra tu m  more 
th an  20 ft. th ick  w ith in  30 ft. of the  oil sand.

(c) T h at the  price of crude oil a t  the  top  of the 
shaft is a t  least $2 25 per barrel.

(3) T h a t under favourable n a tu ra l conditions the 
m ining m ethod for depleted areas gives cheaper 
production of oil a t  dep ths down 1,500 ft. th an  wells 
for repressuring or flooding, and the  advantage  in 
favour of m ining appears to  increase rapid ly  w ith 
depth  to  perhaps 3,000 ft.

(4) T h at a t  4,000 ft. dep th  th e  lim it of p ractical 
or com m ercial m ining is being approached, due to  
high tem pera tu re  for m ine workers and  the  cost 
entailed by increasing ground pressure.

(5) There are also lim ita tions in th e  pressures 
th a t can be safely used in repressuring and flooding 
from m ine passages because of the  possible leakage 
through fissures or perm eable places in th e  shale or 
rocks in which or below which th e  m ine entries are 
m ade, or by  breaking down th e  roof or upheaving 
the floor, or bursting  pipes or fittings.

(6) T h at m ining m ethods should not be used as a 
prim ary  m ethod of oil ex traction  from an oil field ; 
the  inflam m able and som etim es tox ic  vapours and 
gases a t  high pressure would m ake it too dangerous 
for m ine workers. The gas and  oil pressure would 
have to  be relieved by prior drilled and operated 
wells and  m ust be kep t under low pressure lim its in 
repressuring and flooding.

(7) T h at under favourable s tra ta  conditions, to  
be tested  by core drilling, driving m ine passages in 
tig h t im pervious shale should present no greater 
problem s th an  driving entries in a gassy coal m ine ; 
in  fact, less so th an  in a bitum inous mine, as the  dust 
would no t be explosive in a ir as i t  is in  a  bitum inous- 
coal mine.

(8) T hat in the  in terests of conservation of a great 
national resource, every encouragem ent should be 
given to  recovering p a rt or all of th e  60 to  80%  
of th e  original oil content of the  oil sands of th is 
country  said by  com petent petroleum  authorities 
to  rem ain  in  the  sands following escape of the 
entrained gas.

P o w e r  fo r  B r o k e n  H i l l .— A description of 
the central power p lan t for the  Broken H ill m ines, 
which is operated by  the  W estern New South W ales 
Electric Power P ty ., L td ., is given by F. J. Mars 
in  the  Proceedings of th e  A ustralasian  In s titu te  of 
Mining and M etallurgy for Septem ber 30 last. The 
au thor recalls th a t  Broken H ill is s ituated  a t  an 
elevation of approxim ately  1,000 ft. above sea-level, 
on the  B arrier Ranges, in the  S ta te  of New South 
W ales, Australia. I t  is approx im ately  700, 280, 
and 330 miles from the  ports of Sydney, Pirie, 
and Adelaide, respectively. The sum m ers are 
usually hot and dusty, w ith a recorded m axim um  
shade term perature  of 114° F. The rainfall 
averages approxim ately  9 in. per annum . The 
B arrier Ranges were discovered by C aptain S turt 
in 1844 and in 1875 the  first silver-lead ore was 
found in  the  hills. I t  was not un til 1883 th a t  the 
first m ining leases a t  Broken H ill were pegged out. 
These proved to  be very rich, w ith th e  result th a t 
a  num ber of m ines developed. D uring th e  fifty 
years of operations, im proved m ethods of ore- 
trea tm en t have resulted in  the  higher recoveries of 
m etals and during th is  period there  has been a 
steadily increasing application  of electricity  and 
compressed air to  the  m ining industry . Steam  
power p lan ts of varying types and  capacities were 
installed by the  various m ining com panies to  cope 
with their own dem and for electric and compressed- 
a ir power.

In  June, 1927, th e  au thor, consulting electrical 
engineer for the  several m ines in Broken Hill, 
placed before th e  principal m ining com panies 
a  proposed scheme to  centralize th e  source of electric 
and compressed-air power required for mining, 
hoisting, and m illing purposes along th e  line of lode 
a t  Broken Hill. A close investigation was m ade 
in to  the advantages and disadvantages of th e  steam  
and Diesel installations for th e  Broken H ill con­
ditions and the  final scheme involved the  insta lla ­
tion of Diesel engines as prim e-m overs for the 
a lternating-curren t generators and the  a ir com ­
pressors. A factor in the preference of internal- 
com bustion oil engines was the  in te rm ittency  of 
m ining and m illing operations, which prevents a 
high load factor being m aintained, th is in te r­
m ittency  being brought about by

(a) the  long week-end shut-dow n period.

(b) the  short shift underground w ith the  hour 
in terval between shifts, and th a t  of

(c) no “ stoping ” on th e  n ight shift in  the  
underground workings.

The extrem ely variable and reduced power 
requirem ents on certain  days and  hours do not 
adversely affect th e  econom ical operation of 
internal-com bustion engines to  th e  sam e degree 
as w ith steam  plants. The cost of w ater— 2s. 6d. 
per 1,000 gal.— also, and th e  uncerta in ty  of its 
supply, were im p ortan t factors considered w ith 
re la tion  to  power generation.

In  July, 1928, th e  scheme, including th e  layout 
of th e  p lan t proposed for th e  Broken H ill field, 
was accepted. The leading m anufacturers th rough­
out the  world were then  asked to  tender in  London 
for th is  special equipm ent by  December, 1928, 
b u t th is  tim e was extended to  January , 1929. 
Tenders were accepted in  A ustralia in  July, 1929, 
and, on receipt of certain  dimensions, the  site 
excavations for the p lan t and buildings in Broken 
H ill were seriously comm enced in November, 1929.

T he site selected for th e  power p lan t (Plate IV) 
required careful consideration, and  depended upon

(a) th e  land available a t  a sufficient distance 
from  th e  “ lode ” and underground workings to  be 
free from creepages,

(b) good rock to  carry  the  concrete foundations,
(c) th e  power load centre,
(d) th e  railw ay facilities for handling th e  heavy 

m achinery and th e  fuel oil,
(e) th e  “ sk im p s” and sandy m ateria l blown 

from th e  dum ps on a  w indy day, and
(/) u tiliza tion  of one of th e  existing circulating 

w ater cooling towers.
E leven m onths a fte r th e  excavations were 

commenced, th e  first Diesel engine was delivered 
a t  P o rt Pirie, South Australia, on October 26, 1930. 
B y th e  end of December, 1930, the  erection of the 
engine was com pleted and the  rem ainder of the 
tw o-stroke engines erected a t  the  ra te  of one per 
m onth, th e  las t being com pleted tow ards the  end 
of June, 1931. In  June, 1931, the  control of the 
power p lan t was transferred  from  The A ustralian 
Ore and M etal Co. P ty ., L td ., to  W estern N.S.W. 
E lectric  Power P ty ., L td ., and the  Diesel engines 
were run  for the  first tim e. On Ju ly  17, 1931, 
th e  electrical power load was tak en  over from
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th e  ex isting  power p lan ts  of th e  m ines. The 
Central power p lan t has been operating  continuously 
from  th a t  date. Owing to  th e  la te  delivery  of 
th e  four-stroke engines, th e  first D iesel engine 
air-com pressor se t was no t s ta rted  un til Septem ber 9, 
1931.

E lectric  power is being supplied as required to  
th e  following com panies :—-

N orth  Broken H ill, L td. (including th e  B ritish  
mine).

Broken H ill South, L td .
The Zinc Corporation, L td .
The Sulphide C orporation, L td .
Also to  th e  Public W orks D ep artm en t (for th e  

pum ping  sta tio n  a t  S tephen’s Creek).
Compressed a ir is being supplied to  th e  following 

com panies :—
N orth  B roken H ill, L td.
B roken H ill South, L td .
The Zinc C orporation, L td .
For th e  tw elve m onths ended Ju n e  30, 1932, 

approx im ate ly  35,000,000 kelvins were generated, 
of which 30,000,000 were for electrical equipm ent 
and  th e  rem ainder as a ir  power. D uring  th is  
period th e  m ines were w orking on “ sho rt tim e ,” 
th a t  is, one m ine was closed down for one week in 
four, and  another, one week in  seven ; an d  only 
tow ards th e  end of th e  period were th e  electric 
winders of tw o m ines p u t in to  operation. I t  is 
expected th a t  a to ta l of 50,000,000 kelvins will be 
generated  during  a full year of norm al m ining 
operations, of which 44,000,000 will be required 
for th e  electrical equipm ent and  th e  rem ainder as 
a ir  power.

M e t a l lu r g ic a l  R e s e a r c h .— Some of th e  new
and  im proved m ethods becom ing available  for 
m etallurgical research a re  discussed by S. L. 
H o y t in  M ining  and Metallurgy  for January . 
The a u th o r s ta tes th a t  a novel con tribu tion  to  
furnace equipm ent is th e  electric arc reflector 
furnace announced recently  by  Dr. Benedicks. 
By using a copper reflector to  concentra te  th e  h ea t 
of an  electric arc on a crucible, a charge can  be 
raised quickly to  upw ards of 2,000° C. This 
furnace is simple and  is said to  operate a t  an  
efficiency of abou t 25% , while th e  fusion can be 
carried ou t in  a  vacuum .

In  m etallic m icroscopy there  is no more im p ortan t 
operation th an  th a t  of polishing m icro-sections 
for high-powered photography, the  s tu d y  of foreign 
inclusions, etc., and  a num ber of im provem ents 
along th is  line have been recently  announced. 
Am ong these th e  au th o r has used th e  au to m atic  
polishing m achine developed a t  th e  U nited S tates 
Bureau of S tandards, th e  p a rticu la r m achine having 
been m anufactured  outside for th e  m arket. I t  
so happens th a t  m uch of th is  w ork has related  
to  th e  identification of foreign inclusions where 
excellence of polish has been v ita l and  th e  large 
num ber of m icro-sections has m ade th e  au tom atic  
featu re  particu la rly  welcome. A t th e  U niversity  
of M ichigan a m ethod of polishing has been 
developed w hich has th e  advantage of polishing 
sections flat o u t to  th e  edge and  w ithout gouging 
ou t a soft co n stitu en t to  leave a cav ity .

A nother tool for th e  m etallurg ist, which is being 
rein troduced, is th e  microscope w ith  a special 
binocular eyepiece for v isual exam ination. The 
v irtues of th is microscope are the  excellence of 
th e  images, which is no t approached by the  monoc­
u lar eyepiece, freedom  from  eye stra in , and general 
all-round u tility . The m echanical stage is large

and  a  special ad ap te r  can  be m ade w hich  receives 
th e  brass cup of th e  au to m a tic  polishing machine 
to  hold it p roperly  for even  high-powered 
exam inations.

For study ing  foreign inclusions in  steel a  German 
m etallu rg is t has p repared th in  sections for the  use 
of pé trographie  m ethods. T his has enabled him 
to  locate th e  source of certa in  inclusions by  com­
paring  those found w ith  sam ples tak e n  from the 
refractories w ith  which th e  steel cam e in  contact.

The au th o r has had  considerable experience 
w ith  an o th er m ethod of identify ing  foreign inclusions 
which utilizes polarized light. I t  is sim ple and 
sa tisfac tory  if one has a reliable m ethod  for polishing 
th e  sam ples. W hen view ed on th e  polarizing 
microscope th e  inclusion can be read ily  classified as 
(1) opaque, (2) tran sp aren t b u t coloured, or (3) 
tran sp aren t and  clear. In  steel th is  distinguishes 
b road ly  betw een th e  opaque oxides of iron and 
m anganese, m anganese sulphide, e tc ., th e  iron- 
m anganese silicate ty p e  of inclusion, an d  clear 
glass silicates, etc. Subsequent te s ts  can  then  be 
used to  carry  th e  identification  fu rther. Polarized 
ligh t has also been successfully used in th e  study 
of m etallic  alloys and  for th e  identification of 
phases. Though old, th is  m ethod  now appears to 
be valuable in  m etallographic research.

A m ethod for d a rk  field illum ination  has recently 
been developed for m etallographic work which 
produces some strik in g  effects, b u t so fa r as the 
au th o r is aw are it  has n o t been used sufficiently 
for appraisal.

A nother recen t developm ent, though  old in 
principle, is th e  use of u ltra -v io le t ligh t in  photo­
m icrography of m etallic  objects. This has been 
used by Dr. Lucas of th e  Bell Telephone Labora­
tories and  extended  by  h im  to  biological work 
where, i t  is understood, i t  has m et w ith  success. 
In  th e  o rd inary  m etallographic lab ora to ry  the 
inconvenience of th e  m ethod  and  th e  sm all number 
of useful applications for it m ake it  a  ra th e r  illogical 
tool.

In  physics, one of th e  m ost im p o rta n t advances 
of recent years is th a t  of electron  diffraction which 
was first brought ou t by  th e  Bell Telephone 
L aboratories. A descrip tion  of th is  m ethod  is not 
included, b u t th e  a u th o r p o in ts o u t th a t  with 
effectively longer wave lengths th a n  th e  X-ray, 
th e  m ain  use of in te res t is th e  s tu d y  of the 
atom ic arrangem ent in  films and  surfaces. The 
na tu re  of passive films on m eta ls was early  studied, 
and more recen tly  th e  heav ier films of sulphides 
on silver and  its  alloys, and  of oxides on metals, 
have been investigated . E ven  gas films on metals 
can  be detected  and  th e  th ickness an d  atomic 
arrangem ent determ ined. The sam e technique 
has been used to  study  th e  n a tu re  of sputtered 
films. Those form ed a t  low tem p era tu res  a re  found 
to  be am orphous, crystalliz ing  on heating . This 
ab ility  to  d istinguish  betw een am orphous and 
crystalline m etal in  th in  layers has led to  th e  study 
of th e  na tu re  of a  polished surface. Several 
recent publications in  Nature  in d ica te  th a t  a pro­
found change in  th e  n a tu re  of th e  surface  metal 
occurs on polishing, b u t th a t  i t  does n o t completely 
lose crystallin ity , as would be called for by  the 
Beilby hypothesis. However, th e  change reported 
is in  th e  direction proposed by Beilby. W ith  the 
im portance which films of one kind or another 
m ay  a tta in  in  m etallurgy, th e  m ethods of electron 
diffraction furnish a m ost useful tool for their 
study.
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M ethods of analysis th a t  give new facts are 
alw ays of in terest, and  one which is capable of 
allocating th e  “ to ta l oxygen ’’ in  steel am ong the 
various oxides, iron oxide, m anganese oxide, 
silica, alum ina, etc., m ust be of g reat value in 
studying steel. Such a m ethod of fractional 
analysis has now been worked ou t by  Dr. L. Reeve 
of the  A. O. Sm ith Corp. and  successfully applied 
to  m any sam ples of com m ercial steel and  welds. 
In  the  sam e laboratories F. Roach has developed 
the m ethods of spectrum  analysis of steels to  de ter­
mine m any of th e  elem ents of steel quan titatively , 
and has used the  procedure in th e  s tu d y  of foreign 
inclusions in steel and  weld m etal and to  determ ine 
sm all local segregations of those elem ents. Finally, 
the m ethod of electrolytically  ex tracting  foreign 
inclusions from steel as developed a t  th e  U nited 
States Bureau of Mines by Mr. F itte re r and 
associates is im portan t. Some interesting  com ­
parisons have been draw n betw een th is  m ethod 
and the aforem entioned fractional oxygen m ethod, 
which show a reasonably satisfactory  agreem ent.

P a s h k o k o g a n - M is e h k o w  A rea .— A prelim inary 
report by W. S. Dyer on the  Pashkokogan-M isehkow 
area, Ontario, has been issued by th e  Provincial 
D epartm ent of Mines. The au th o r sta tes th a t  the 
area is in general of low relief and is typ ical of the  
glaciated and peneplaned areas of th e  C anadian 
shield. Very few hills reach elevations of more 
th an  100 ft. above the  level of the lakes. Lakes are 
very num erous in the western p a rt of the  area, 
and fewer lakes and more rivers in th e  eastern  p art. 
In  m ost p a rts  of the  area rock outcrops are 
numerous. In  the  granite portion of th e  sou th ­
western corner of the  area there are m any bare rock 
ridges. In  th is country underlain by  sedim ents and 
greenstones outcrops are numerous although sm all, 
there being large stretches of muskeg and  glacial 
sand and boulders. On the  Albany R iver near 
M iminiska Lake, on Shabuskwia Lake and River, 
and on the lower p a rt of Misehkow River, glacial 
d rift, usually  of sand and gravel, is th icker and  rock 
outcrops less numerous. Most of the  forest is green, 
but second growth, and too sm all to  be comm ercial. 
Small patches of virgin forest still rem ain, however, 
w ith spruce and birch up to  18 inches in diam eter. 
There is m uch good w ater power available for 
development, especially along th e  A lbany R iver 
below Lake St. Joseph. There are no settlem ents in 
the area, the nearest being O snaburgh House, a 
H udson’s Bay Com pany post, on one of the  eastern 
arm s of Lake St. Joseph.

G e n e r a l  G e o l o g y .— A synclinal trough of 
Keewatin sedim ents and  greenstones averaging 10 
miles in w idth, ex tends east-north -east to  n o rth ­
eastw ardly th roughout th e  area. This trough  
connects to  the  west w ith th e  Lake St. Joseph 
Keewatin belt, and  to  th e  east w ith  th e  F o rt Hope 
Keewatin belt, the  whole belt form ing one of the 
m ost extensive in  north-w estern O ntario. The 
Keewatin trough lies w ith in  great granite batholiths 
of Algoman age. O ther rocks of in te rest are the 
sedim entary gneisses of Couchiching age (the Miniss 
series) which underlie the  Keew atin, iron form ation 
within the  K eew atin, m asses of hornblendite which 
in trude the  K eew atin, fresh-looking conglom erates, 
presum ably of Tem iskam ing age, and diabase dykes 
in trud ing  both  th e  K eew atin and Algoman.

M iniss Series.— The Miniss sedim ents are the  
oldest rocks in  th e  region. They consist of quartz- 
b io tite  gneiss, and are of very uniform  appearance 
a t  all localities. Commonly they  are garnetiferous,

and th ey  som etim es hold staurolite. Originally the 
sedim ents were probably  shallow-water argillaceous 
sands.

Keewatin Series.— This series consists of in te r­
bedded sedim ents and greenstones. The sedim ents 
consist am ong other types of greywacke, quartz , 
hornblende-gneiss, and quartzites. The greenstones 
are usually of the  andesitic type, bu t in  some places 
coarser dioritic or gabbroic types were seen, which 
probably  represent the  inner p a rt of the  flow which 
cooled more slowly. R hyolites are present locally 
and  typ ical pillow lavas were som etim es seen. P a rt 
of th e  greenstone is m assive, bu t m uch of it has been 
affected by the  in trusion of the  Algoman granite  
batho liths and shows steep angled dips w ith strikes 
varying from  45° to  80°. Chlorite schists are quite  
common and an  interesting series of agglom erates 
and tuffs was observed on M im iniska Lake. Iron 
form ation occurs in  th e  Keew atin a t  several points, 
nam ely on Doran Lake, on the  shores and islands of 
L ake St. Joseph, and on th e  n o rth  of the  Misehkow 
River.

Temiskaming Conglomerate.— Conglomerate is ex ­
posed on th e  south shore of Doran Lake and  on 
Doran R iver. The pebbles were no t greatly  com ­
pressed and  th e  m ateria l composing them  was 
clearly  identifiable. They consisted chiefly of 
granite  and quartz ite , bu t some pebbles of grey­
wacke and  iron form ation from the  K eew atin series 
outcropping nearby  were also observed.

Algoman Intrusives.— There are two varie ties of 
granite  in  th e  great batholiths of th e  area  ; a grey, 
and  a p ink  or red. The form er is usually gneissic, 
b u t the  la tte r  nearly  alw ays massive. Besides the 
large batholiths of granite there are several stocks 
and  dykes of granite w ithin the  K eew atin syncline, 
as a t  D oran Lake, Pashkokogan Lake, and 
Constance Lake. These granite  stocks were more 
num erous in  the  w estern p a rt of the  area th an  in the 
eastern.

Pegm atite  dykes, presum ably of Algoman age, 
are of common occurrence in  the  Miniss sedim entary 
series. Porphyry  was no t comm only seen ; the  only 
occurrences in  the  western p a rt of the  area being a 
q uartz  porphyry  m ass am ong th e  sedim ents of the 
Miniss series on one of th e  north-easterly  arm s of 
Miniss Lake. Dykes of grey granite porphyry  and 
felspar porphyry  were found on the  Misehkow R iver 
in  th e  eastern  p a r t  of the  area. Quartz veins were 
num erous th roughout th e  area.

Keweenawan Diabase Dykes.— Diabase dykes were 
observed a t  th ree  localities, the  first on Charlewood 
Lake, th e  second on the  south b ranch of th e  Albany 
R iver, the  th ird  on Misehkow River.

S t r u c t u r a l  G e o l o g y .— The intrusion  of the  
Algom an ba tho liths have folded the  K eew atin and 
Miniss rocks in to  a very  definite syncline. The axis 
of the  syncline is definite enough to  be shown on the 
m ap through m ost of th e  area. There is a striking 
difference in the  succession of rocks on either side 
of th e  axis, particu larly  in th e  v icin ity  of W oodilee 
and Lowry Lakes. N orth of th e  axis there  are wide 
belts of greenstone w ith some interbedded sedim ents 
and iron form ation, b u t south of the  axis green­
stones are entirely  w anting and the  rocks consist of 
K eew atin and  Miniss sediments. Thus, strong 
fau lting  along th e  axis of th e  syncline w ith  the  
upthrow n side to  th e  south  is indicated.

I m p u r i t i e s  in  Lead.*—In  th e  Proceedings of the  
A ustralasian In stitu te  of Mining and M etallurgy for 
Septem ber 30 las t R. S. Russell discusses th e  
influence of im purities on the  properties of lead, his
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p ap er being in troduced b y  Prof. J . N. Greenwood. 
The sum m ary  a t  th e  end of Mr. R ussell’s pap er is 
reproduced here. The a u th o r s ta tes th a t  com m ercial 
lead, containing O'008%  to ta l  im purities, has been 
refined b y  electrolysis. The electro ly tic  lead a fte r 
casting, was found by chem ical analysis to  con tain  
0-002% to ta l im purities. The electrolyte was 
a solution of lead perchlorate. The d istribu tion  
of th e  im purities betw een th e  sludge, th e  electrolyte, 
and  th e  cathode lead w as investigated. C ertain 
physical properties of these tw o leads were com pared. 
The com parison was extended to  a  th ird  sam ple 
w hich h ad  been m ade b y  a n  extension of th e  fire- 
refining m ethods used for th e  com m ercial lead  and 
w hich contained 0-003 %  im purities. The com parison 
consisted of rolling and annealing th e  leads under 
identical conditions and no ting  th e  ex ten t to  which 
recrystallization  and  grain-grow th occurred a fte r 
each stage of th e  trea tm en t. The am ounts of 
reduction  in  thickness by  rolling varied  betw een 
2 J  and  20% . Annealing w as done a t  18°, 50°, 75°, 
and  175° C.

R esults indicated  th a t  electrolytic lead was m uch 
more susceptible to  th e  influences of d isto rtion  and 
annealing th a n  the  o ther tw o leads—th a t  is, it 
recrystallized more easily and  upon less provocation. 
Thus, electrolytic lead recrystallized com pletely 
upon being d istorted  5%  and  stand ing  a t  18° C. 
for 1J hours. On th e  o ther hand, th e  o ther leads 
showed only p a rtia l recrystallization afte r 20%  
distortion  and  stand ing  for 24 hours. As fa r as could 
be seen, these differences in  tendency to  recrystallize 
could be a ttr ib u ted  only to  differences in  chem ical 
composition.

A solution of am m onium  m olybdate in  dilute 
n itric  acid is recom m ended as a  new etching reagent 
for lead.

S H O R T  N O T I C E S
L evel  D e v e lo p m e n t .— In  th e  Engineering and 

M ining Journal for Ja n u a ry  L. E a to n  discusses th e  
layout of th e  underground  developm ent.

T r ack le ss  M in ing .— A t th e  annual general 
m eeting  of th e  In stitu tio n  of M ining Engineers, 
held in  L ondon on Jan u a ry  25 last, H . W. Sm ith  
and  G. M. Gullick discussed, u n d er th e  title  “ T rack ­
less M ining,” an  ideal developm ent of a  coal 
p roperty .

L iq u id  O x y g en  E x p lo s iv e s .— In  th e  Journal 
of th e  Chemical, M etallurgical, and  M ining Society 
of South Africa for N ovem ber last T. C oulter and
A. E. Lance describe th e  results of te s ts  on th e  use 
of liquid oxygen explosives in  N o rth e rn  R hodesia 
and  on th e  W itw atersrand.

C a p p in g  S ta t io n s .— H. H. Carroll describes 
capping sta tio n s on B roken H ill South, L td ., in the  
Proceedings of th e  A ustralasian In s titu te  of M ining 
and  M etallurgy for Ju n e  30 last.

D e to n a to r s .— A pap er on  “ P ropagation  T ests 
and  th e  Photography of th e  D isturbance sen t ou t by 
the Explosion of Commercial E lectric  D etonato rs ” 
appears in th e  Journal of th e  F rank lin  In s titu te  for 
Decem ber.

S u r fa c e  M eta l  M in in g .— The costs of open-cut 
m ining are discussed by M. J. E lsing in th e  Engineer­
ing and M ining Journal for January .

C r u s h in g  an d  S c r e e n in g .— A large stone-dress­
ing  p lan t on th e  H udson R over, New Y ork, is 
described by L. A. S la tte ry  in th e  Engineering and 
M ining Journal for January .

S ta n d a r d  S ie v e  R a t io s .— P. E . M asters dis­
cusses th e  ^ 1 0  as an  ap ertu re  ra tio  for a universal 
s ta n d a rd  sieve series in  Engineering for Jan u a ry  20.

P a r t i c l e  S iz e .— T. H a tch  describes th e  de­
te rm in a tio n  of “ average partic le  size” from  the 
screen-analyses of non-uniform  particu la te  sub­
stances in  th e  Journal of th e  F ran k lin  In s titu te  for 
Jan u a ry .

P io n e e r  M il l ,  B r i t i s h  C o l u m b i a .— H. G.
Nichols describes th e  m ill of P io n eer Gold Mines of
B.C., L td ., in  th e  Canadian M in ing  Journal for 
Jan u a ry .

D i e s e l - E l e c t r i c  P o w e r  C o s ts .— T he low power 
costs of th e  D iesel-electric p la n t in sta lled  by  the 
H udson R iv er S tone C orporation  are  discussed by 
O. J . de G aetano  in  th e  Engineering and Mining 
Journal for Jan u a ry .

P ip e - L i n e  P r o te c t io n .— T he value o f protective 
coatings fo r p ro tec tin g  p ipe-lines is discussed by
S. Gill in  Industrial and Engineering Chemistry for 
Jan u ary .

C o p p e r  D e t e r m i n a t i o n .— A sh o r te r  m ethod  for 
de te rm in in g  copper iodom etrically  is described by 
T. H . W h iteh ead  an d  H . S. M iller in  Industrial 
and Engineering Chemistry (A naly tical E dition) for 
J a n u a ry  15.

N ew  R e a g e n t  fo r  Z in c .— T he use of borneol- 
glycuronic acid for p rec ip ita tin g  zinc is described 
b y  A. J . Quick in  Industrial and Engineering 
Chemistry (A nalytical E d itio n ) fo r J a n u a ry  15.

D e t e r m i n a t i o n  o f  C a d m i u m . — L. C. H u rd  and 
R . W . E vans give a c ritica l s tu d y  of th e  Everard 
m ethod  for d e te rm in in g  cadm ium  in  Industrial and 
Engineering Chemistry (A naly tical E dition) for 
Ja n u a ry  15.

F lu o r in e  in  C r y o l i t e .— In  Industrial and 
Engineering Chemistry (A naly tical E dition) for 
Ja n u a ry  F. J . F rere  describes a vo lum etric  method 
for th e  d e te rm in a tio n  of fluorine in  cryolite, using 
y ttr iu m  n itra te  as a reagen t.

M eta ls  fo r  C o in a g e .— Som e observations on the 
supplies of copper, nickel, t in , a n d  zinc for coinage 
operations are given in  th e  ann u al re p o rt of the 
D eputy  M aster and  C om ptro ller of th e  R oyal Mint 
for 1931.

N o r th e r n  R h o d e s ia .— Dr. G. C. A. Jackson 
describes th e  geological h is to ry  of th e  N ’Changa 
d is tric t, N o rth e rn  R hodesia, in  th e  Geological 
Magazine  fo r Feb ru ary .

Tin  in S p a in  and P o r tu g a l .— A descrip tion  of 
th e  tin -ore  occurrences of Spain an d  P ortugal by 
Dr. A. D ittm a n n  ap p ears in  M etall und Erz for 
Jan u ary .

M a la r ia  C o n tro l .— T ropical hygiene an d  malaria 
con tro l on m ines a t  various e levations a re  discussed 
by  Sir Malcolm W atson  in  a p a p er ap p earin g  in  the 
Bulletin of th e  In s titu tio n  of M ining a n d  Metallurgy 
for Jan u a ry .

E n g in e e r in g  R e s e a r c h .— The’ build ings and 
equipm ent of th e  engineering d ep artm en t at 
Cambridge U n iversity  a re  described in  Engineering 
fo r F eb ru ary  3.

Q u ic k s i lv e r .— N. H . S tearn  describes th e  mining 
an d  fu rnacing  of quicksilver ore a t  th e  Parnell Hill 
m ine, A rkansas, in  th e  Engineering and Mining 
Journal for Jan u a ry .

M ic r o s c o p e  in  O r e - D r e s s i n g .— A. S. H ech t in 
th e  Engineering and M ining Journal for January 
discusses th e  m icroscopical d e te rm in a tio n  of ore- 
tre a tm e n t m ethods.
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R E C E N T  P A T E N T S  P U B L I S H E D
A copy o f the specification o f any o f the patents mentioned in  

this column can be obtained by sending Is . to the Patent Office, 
Southampton Buildings, Chancery Lane, London, W .C. 2, u'ith 
a note o f the number and year o f the patent.

14,771 of 1931 (384,327).  W .  M .  G r a n t ,  
Birm ingham , A labam a. F ine ly  div ided particles 
of m etallic oxides a re  carried  in a  continuous 
gas stream  th rough  a  h ea ted  zone in  th e  presence 
of carbonaceous m ateria l, th e  oxide particles 
being  th e re b y  reduced to  m etal.

35,106 of 1931 (384,449). I. G. F a r b e n i n d u s t r i e  
A.-G., F rankfort-on-M ain , G erm any. Sulphur 
dioxide is ob tained  in  a  continuous process in  which 
fum ing sulphuric acid acts on  solid o r liquid sulphur, 
the  process proceeding in  counter cu rren t a t  elevated 
tem pera tu res .

1,877 of  1932 (384,464). B .  F .  H a l v o r s e n ,  Oslo, 
Norway. Sulphur an d  iron  are  d irec tly  produced 
from  sulphide iron  ores by  a ro astin g  process in  
which oxygen sufficient to  oxidize th e  m eta l alone 
is supplied, th e  su lphur be ing  o b tained  in  un ­
oxidized form.

14,650 of 1932 (385,204). H. H . S m i t h  and  
G e n e r a l  M i n i n g  a n d  F i n a n c e  C o r p o r a t i o n ,  
Johannesburg. A jig  w hich includes a circular 
sieve th a t  m ay  be vertica lly  reciproca ted  and  on to  
which pulp m ay  be fed a t  th e  cen tre  and  tailings 
discharged from  the  circum ference.

14,947 of 1932 (384,564). K o d a k ,  L t d . ,  L ondon. 
Im proved apparatus for th e  e lectro-deposition  of 
silver from  solutions contain ing  silver salts.

18,184 of 1932 (384,926). D e u t s c h e  G o l d -  u n d  
S i l b e r  S c h e i d e a n s t a l t ,  F ran k fo rt - on  - Main, 
Germ any. The beryllium  in  beryllium  com pounds 
is recovered as insoluble oxide a fte r  roasting  the  
original com pound w ith  alkaline  e a r th  oxides or 
carbonates.

20,896 of 1932 (384,243). I. G. F a r b e n i n d u s t r i e  
A.-G., Frankfort-on-M ain, G erm any. The a lum ino­
therm ie m ethod is used for th e  p roduction  of 
alloys of beryllium  w ith  heavy m eta ls su b stan tia lly  
free from  alum inium .

NEW BOOKS, PA M PH LETS, Etc.
1^" Copies of the books, e tc ., m entioned below can be obtained 

through the Technical Bookshop of The M ining Magazine, 
724, Salisbury H ouse, London, E.C.2 .

Alloys of  Iron  and  M o l y b d e n u m .  B y J . L.
G r e g g . Cloth, octavo, 507 pages, illu stra ted . 
Price 36s. L ondon : M cGraw-Hill.

Geology.— B y W . H . E m m o n s ,  G. A. T h i e l ,
C. R. S t a u f f e r , an d  I. S. A l l i s o n . C loth, octavo, 
514 pages, illu stra ted . P rice  24s. L ondon : 
McGraw-Hill.

H i g h -S p e e d  D ie s e l  E n g in e s ,  w ith  special 
Reference to  Autom obile and  A ircraft Types. 
By A. W . J u d g e .  Cloth, octavo, 248 pages, illus­
tra ted . P rice  10s. 6d. L ondon : C hapm an and  
Hall.

G m e l i n s  H a n d b u c h  d e r  a n o r g a n i s c h e n  
C h e m ie .  8 Auflage. System -N um m er 59 : E isen . 
Teil A—Lieferung 4. P aper covers, pp. 587-846, 
illustra ted . Price RM. 41 ; subscrip tion  price 35.50. 
B erlin  : V erlag Chemie.

W o r k m e n ’s C o m p e n s a t io n  : I ts  M edical
Aspect. B y Sir J o h n  C o l l i e . Cloth, octavo , 
160 pages, illu stra ted . P rice  7s. 6d. L ondon  : 
E dw ard  A rnold.

G e o lo g ic a l  S u r v e y  of  G reat  B r i ta in  : Sum­
m ary  of Progress, 1931. P a r t  I I .  P ap er covers, 
166 pages, illu stra ted . Price 3s. L ondon : H.M. 
S ta tio n ery  Office.

R o y a l  M int  : R ep o rt of th e  Deputy ' M aster and  
Com ptroller, 1931. P aper covers, 171 pages, illus­
tra te d . Price 3s. 6d. L ondon : H.M. S ta tionery  
Office.

B o r a tes .  Im perial In s titu te  M onograph on th e  
M ineral Industry ' of th e  B ritish  E m pire and  Foreign 
Countries. 2nd edition , 1920-1932. P ap er covers, 
44 pages. Price 9d. L ondon : H.M. Stationery ' 
Office.

G o b -F ir e s .  P a r t I .— E xplosions in  Sealed-off 
A reas in  Non-G assy Seams. B y T. N. M a s o n  and
F. V. T i d e s  w e l l . P ap er covers, 30 pages, illus­
tra te d . P rice  Is. P a r t  I I .— The R evival of H eatings 
of In tak ag e  of A ir. B y T. N. M a s o n  an d  F . V . 
T i d e s w e l l . P ap e r covers, 19 pages, illu stra ted . 
P rice  6d. Safety' in  Mines R esearch  B oard P apers 
Nos. 75 an d  76. L ondon : H.M. S ta tio n ery  Office.

P r e s s u r e s  P r o d u c e d  by  th e  S tr ik in g  of  
M o m e n ta r y  A rcs  in  C lo se d  V es se ls .  B y 'T . S. E . 
T h o m a s .  Safety  in  M ines R esearch  B oard P aper 
No. 77. P ap er covers, 16 pages, illu stra ted . Price 
6d. L ondon : H.M. S ta tio n e ry  Office.

M in e r s ’ W elfare  F u n d .  D ep artm en ta l Com­
m ittee  of Inquiry ' (1931). R ep o rt to  th e  Secretary  
for M ines. P aper covers, 93 pages. P rice  Is. 6d. 
L ondon : H.M. S ta tio n ery  Office.

R a r e - E l e m e n t  M in era ls  of  C a n a d a .  By' H . V. 
E l l s w o r t h .  C anadian Geological Survey Econom ic 
Geology Series No. 11. P ap er covers, 272 pages, 
illu stra ted . Price 40 cents. O ttaw a : D epartm en t 
of Mines.

M a n g a n e s e  D e p o s i t s  o f  C a n a d a .  By' G.
H a n s o n . C anadian Geological Survey Econom ic 
Geology' Series No. 12. P ap e r covers, 120 pages, 
illu stra ted . Price 20 cents. O ttaw a : D epartm en t 
of M ines.

C a n a d a  : In vestiga tions of th e  M ineral
Resources and  th e  M ining Industry ', 1931. R eports 
on  sands, helium , rad ium  an d  silver discoveries a t 
G reat B ear Lake, rock wool, b itum inous sands, and  
a q u artz ite  from  N ova Scotia. P ap er covers, 153 
pages, illu stra ted . O ttaw a : D epartm en t of Mines.

S o u th  A u s tr a l ia  : (1) R ep o rt of th e  D irecto r of 
Mines and  G overnm ent Geologist, 1931. P aper 
folio, 8 pages. (2) M ining Review  for H alf-year to  
Ju n e  30, 1932. No. 56. P ap e r covers, 80 pages, 
illustra ted . A delaide : D ep artm en t of Mines.

B r it i sh  G u ia n a  : M ineral Resources. 1, N orth- 
W est D istrict. 2, M azaruni and  P u ru n i D istricts. 
3, Potaro-Essequibo D istric t. B ooklets w ith  paper 
covers, issued by  th e  L ands an d  Mines D ep art­
m en t, Georgetown, D em erara.

M in era l  R e s o u r c e s  of  t h e  U n i te d  S ta te s ,  
1931. P a r t I, pp. 89-101, P la tin u m  an d  Allied 
M etals, by' H. W . D a v i s  ; pp. 859-962, M ineral 
P roduction  of th e  W orld, 1924-1929, by' L. M. 
J o n e s .  P a r t  II , pp. 159-164, Silica, by' E . R. 
P h i l l i p s .  E ach  p a r t  in  p ap er covers. W ashing­
to n  : S u p erin ten d en t of D ocum ents.

A c c id e n t s  at M e ta l lu r g ic a l  W orks in  the  
U n ite d  S ta te s ,  1930. B y W . W . A d a m s .  B ureau  
of Mines Technical P aper 530. P aper covers, 
36 pages. W ashington : S uperin tenden t of
Docum ents.

G old  C oast  : M ap of P a rts  of th e  Gold Coast 
Colony and  A shanti, showing th e  positions of th e  
Gold and  D iam ond m ining properties. Price 2s. 6d. 
L ondon : C. D. Syndicate, L td .
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COMPANY REPORTS
N o r th e r n  T r a n s v a a l  (M ess ina)  C o p p e r .— This 

com pany  was form ed in  1923 an d  is developing 
copper-bearing  ground in  th e  Z outspanberg  d istric t 
of th e  T ransvaal. T he re p o rt for th e  y ea r to  Ju n e  30 
las t shows th a t  no  active  m in in g  was done, th e  
labour em ployed being engaged in  p rospecting  and  
m ain tenance  w ork. T he resu lts of th e  w ork  of th e  
E lbof G eophysical P rospec ting  Co., L td ., have still 
to  be te s te d  by  actual drilling  an d  endeavours are 
being m ade to  raise th e  cap ita l necessary  for th e  
purpose.

B u lo lo  G old  D r e d g in g .— Form ed in  1930, th is 
com pany is o p erating  on  gold alluvials on  th e  
Bulolo R iver, New Guinea. The rep o rt for th e  year 
ended M ay 31 las t shows th a t  th e  first dredge 
s ta rte d  operations on M arch 21 of th e  y ea r u nder 
review  and  for seven days was w orking its  w ay ou t 
of th e  pond  an d  digging to  bedrock. F rom  M arch 28 
to  May 31 i t  was in  continuous o p eration  and  dug 
558,800 cu. yd. of gravel, from  which 10,442 oz. of 
bullion, w orth  $167,796 C anadian , was ex trac ted . 
D uring  th e  period  u n d er review  w orking costs were 
estim ated  to  be 4 gold cen ts p er cu. yd., th e  reduc­
tio n  from  th e  12£ gold cents estim ated  being due to  
high yardage dug and  favourable exchange and, 
also, in  p a r t  to  th e  few replacem ents which had 
been necessary. D uring  th e  y ear th e  com pany 
acquired fu rth e r p roperties on th e  Bulolo and  
W atu t R ivers, th e  a rea  acquired adding 4,460 acres 
to  th a t  a lread y  owned.

S u n g e i  Way.— This com pany was form ed in
1924 an d  operates alluvial tin  p ro p e rty  in  th e  S ta te  
of Selangor, F.M.S. The rep o rt for th e  y ea r to  
Ju n e  30 las t shows th a t  u n der restric tion  th e  o u tp u t 
of t in  concentra tes am ounted  to  614 to n s, as 
against 1,119 to n s  in  th e  previous year, sales of ore 
realizing  ¿72 3s. l id .  p e r to n , against ¿(63 18s. 4d. 
Owing to  th e  restric tion , No. 3 dredge was idle 
during  th e  whole y ear an d  Nos. 1 and  2 dredges 
worked only  for tw o-th irds of th e  year. No. 2 dredge 
was closed down on M ay 1 last. T he profit for th e  
y ear was $10,430, which, added to  th e  sum  brought 
in from  th e  previous account, gave an  available to ta l 
of $68,849, w hich was carried  forw ard.

C h a n g k a t  Tin.— This com pany w as form ed in
1925 and  operates a lluvial tin  p ro p e rty  in  Lower 
Perak , F.M.S. The rep o rt for th e  y ea r 1931 shows 
th a t  th e  dredge trea te d  1,565,000 cu. yd. of ground 
and  recovered 605 tons of tin  concentrates, th e  area  
worked over covering 15-03 acres. The yield of tin  
ore was equal to  0-87 lb. p e r cu. yd. and  costs 
am ounted  to  2-92d. p e r cu. yd. T he value of th e  ore 
recovered was ¿44,332, th e  sales averaging 
¿118 6s. 6d. p e r to n . The profit for th e  y ear was 
¿21,027, which, added to  th e  sum  brought in , gave 
an  available to ta l of ¿34,433. Of th is  am ount, 
¿6,500 has been d istribu ted  as dividends, equal to  
Is. p er share, and  ¿5,000 transferred  to  reserve, 
leaving a balance of ¿22,933 to  be carried  forw ard.

S a n  F r a n c is c o  M in es  of  M ex ico .— Form ed in 
1913, th is  com pany owns a group of silver, gold, 
lead, and  zinc m ines in  th e  S ta te  of C hihuahua, 
Mexico. The rep o rt for th e  year to  Septem ber 30 
last shows th a t  operations a t  th e  m ine were 
suspended a t th e  end of Decem ber, 1931, w ork  being 
a t  p resen t confined to  m ain tenance and  im prove­
m ent. D uring th e  period u nder review  th e  m ill 
tre a te d  98,940 to n s of sulphide ore and  produced

11,550 to n s  of lead  co n cen tra tes an d  9,071 tons of 
zinc concen tra tes . T he ore reserves a t  September 
30, 1931, were reduced d u rin g  th e  period  by  72,920 
to n s and  have n o t been recalcu lated . T he operating 
loss for th e  y ea r was ¿45,452 an d , a f te r  adding all 
exp en d itu re  and  allow ing for dep rec ia tion , there 
was a to ta l  loss of ¿112,247, reducing  th e  credit 
balance b rough t in  to  ¿51,872.

D I V I D E N D S  D E C L A R E D

B a l a g h a t .—O rd., 3s. 6d. (re tu rn  of cap tita l). 
C h a n g k a t  T in .— Is., less tax , payab le  Jan u a ry  28. 
C o n s o l id a t e d  G o ld  F ie ld s .— 9d., less tax, 

payable  M arch 16.
F a n t i  C o n s o l id a t e d .— 3d., less tax , payable 

Ja n u a ry  25.
Jos T in .— 6% , less ta x , p ayab le  Ja n u a ry  12. 
P e t a l i n g  T in .— 8% , less tax , payab le  F ebruary  6. 
R e z e n d e .— 6s. 6d., less tax , payab le  Jan u a ry  31. 
V e n t u r e  T r u s t .— 6d., free  o f tax .
W est A fr ic a n  D i a m o n d .— l£ d ., less tax, 

payable  Ja n u a ry  31.

N E W  C O M P A N I E S  R E G I S T E R E D

N e w  G o ld f i e ld s  o f  A u s t r a l ia  E x p lo r a t io n .—
R egistered  as a p riv a te  com pany. C apital : ¿35,000 
(20,000 Six p e r cen t C um ulative Preference and
15,000 O rdinary). O b jec ts : To ad o p t an  agreement 
w ith  H . T. P rice, as a tto rn e y  fo r th e  British 
A ustra lian  M ining Syndicate, of A dyar House, 
B ligh S treet, Sydney, and  to  c a rry  on  all kinds of 
exp lora tion  business. Office : 6, B road Street
Place, E.C.

O r io le  G o ld  M in in g .— R egiste red  as a private 
com pany  Ja n u a ry  11. C a p ita l: ¿10,000. Objects: 
To acquire an y  m ines and  m ining righ ts in  Shan 
S tates of B urm a or elsew here. R egistered  Office : 
17, V ictoria  S treet, W estm inster, S.W . 1.

R a n d  an d  E a s t  A fr ic a n  C o r p o r a t io n .— Regis­
te red  Ja n u a ry  10. C apital : ¿85,000 in  2s. 6d. 
shares. O bjects : To ad o p t an  ag reem en t w ith the 
A nglo-Portuguese (E ast Africa) Concessions and the 
liquidator. R eg istered  Office : F in sb u ry  House,
Blomfield S treet, E.C. 2.

R a r e  E a r th  C o n c e n t r a te s .— R egiste red  as a 
p riv a te  com pany. C apital : ¿5,000 in  ¿1 shares. 
O bjects : To ca rry  on th e  business of m anufacturers 
of titan iu m , thorium , zirconium , and  kindred 
m etals ; m anufactu rers of chem icals, etc . Directors: 
Sir Jo h n  P. H ew ett, S ir Hugo H irs t, M ajor D. J. 
B urke, an d  E . N eum ann.

W est A f r i c a n  G o ld  C o r p o r a t i o n .— Capital: 
¿100,000 in ¿1 shares. D irec to rs: J. A. Agnew, 
0 .  V. G. H oare, J . H . B a tty , Ju liu s W etzlar, Carl 
D avis, and  H . G. L atilla . O ffices: 49, Moorgate, 
E.C. 2.

W est W itw a te r s r a n d  A r e a s .— In co rp o ra ted  in 
South A frica on N ovem ber 12, 1932. C apital: 
¿500,000 in 10s. shares. O bjects : To acquire any 
m ineral rights, m ining claims and  rights in  Africa 
o r elsew here and  to  ad o p t tw o agreem ents with 
New Consolidated Goldfields. D irectors ■ W  A 
M ackenzie, W . S. M cCann, Sir George Albu Sir Abe 
Bailey, and  R . B. H ag art.


