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E D IT O R IA L
TH E  R osenw ald In d u str ia l M useum of 

Chicago is appealing  for in form ation  
as to  th e  location of any  ancien t engines or 
o ther m achines now disused and  for w hich 
a hom e will be found in th is  th e  first industria l 
m useum  in America.

SIR  A lfred Ewing, th e  re tiring  P rinc ipa l of 
E d inburgh  U niversity , w hen receiving 

th e  freedom  of th a t  C ity  recently , announced  
th e  g ift by  Sir A lexander G ran t of ¿25,000 
for a  new  d ep a rtm en t of geology, to  w hich 
object a  like sum  w ould be co n trib u ted  
in  a  y e a r’s tim e.

E T T L E M E N T  of a  long-standing d ispu te  
betw een P eru  and  Chile is announced. 

This concerns th e  provinces of T acna and  
A rica, th e  form er of w hich is to  go to  P eru  
an d  th e  la tte r  to  Chile. T he te rr ito ry  con
cerned is s itu a te d  betw een th e  B oliv ian  
ra il cen tre  L a P az and  th e  sea.

AS in previous years th e  C am borne School 
of Mines is holding its  ho liday  course 

in econom ic geology, under th e  d irection  
of Mr. E . H . D avison, from  J u ly  8 to  
A ugust 16. M any m ining m en hom e on 
leave have in  th e  p as t found  th is  a  valuab le 
“ refresher,” if only on account of i ts  field 
work.

SIR  T hom as H olland  is relinquishing his 
appo in tm en t as R ecto r of th e  Im peria l 

College of Science and  Technology in  order 
to  tak e  up  th e  P rincipalsh ip  of E d in b u rg h  
U niversity . M ay we express th e  hope th a t  
his successor will be one who is sy m p a th e tic  
to  th e  ideals of technological education  so 
long upheld  by  the  R oyal School of Mines 
an d  th e  R oyal College of Science.

TH E  fu tu re  of E as t A frica is felt to  be 
b e tte r  left to  rest awhile pending 

th e  mission of Sir Sam uel W ilson, th e  
P erm an en t U nder-S ecretary  of S ta te  for 
th e  Colonies. M eanwhile it w ill be g ratify ing  
to  m any, who rem em ber his w ork in  S outh  
Africa as th e  agent of th e  G overnm ent of 
Ind ia, to  learn  th a t  Mr. S astri has accep ted  
Mr. A m ery’s in v ita tio n  to  v is it K en y a  
and  elsewhere.

LE N G T H Y  nego tia tions betw een th e  
P alestine an d  T ran sjo rd an  G overn

m en ts  an d  th e  concessionaires, M ajor Tulloch 
an d  Mr. N ovom eyski, for th e  explo ita tion
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of th e  supposedly rich  m ineral region of the 
D ead Sea have  resu lted  in th e  g ran t of a 
concession b y  th e  Crow n A gents for the 
Colonies. A m ong a  considerable number 
of in te rests  sup p o rtin g  th e  concessionaires 
th e  nam es of Messrs. C. T en n an t, Sons, and 
Co., L td ., an d  of Mr. Leslie Urquhart 
are  especially in te resting . Lord Lytton’s 
nam e has been m en tioned  as first chairman 
of th e  com pany  to  be form ed.

A SE R IO U S  view  is ta k e n  of the un
restric ted  ex p o rt of scrap iron and 

steel from  th is  co u n try  resu lting  in a severe 
shortage. T he fac t is th a t  “ scrap ” is 
a  very  im p o rta n t fac to r in  steel manufacture, 
m uch  m ore being used in  m odern  practice 
th a n  form erly. C on tinen ta l steel-producing 
countries e ither p roh ib it or lim it the export 
of scrap. The position  is aggravated  by 
th e  fac t th a t ,  w hile B ritish  pig iron is 
sub ject to  im port d u ty  in m ost European 
countries, scrap  is d u ty  free, so th a t steel 
m akers th e re  can afford to  p ay  a  good price 
for it.

COM M ENT in these colum ns in our issue 
of Ja n u a ry  last, a propos future 

E m pire m in ing  congresses, on the non
existence of a  M alayan Society devoted to 
m ining has b ro u g h t us a  communication 
from  th e  F.M .S. C ham ber of Mines, published 
elsewhere in  th is  issue. W e quite agree 
th a t  th e  C ham ber is doing good work, but 
our desire is to  see in M alaya a purely 
techn ical in s titu tio n  on the  sam e lines as 
those a t p resen t existing  in Canada, Australia, 
an d  S outh  A frica, and, as we have already 
s ta te d , th e  local engineers should be helped 
or encouraged in th e  form ation of such an 
in s titu tio n  by  th e  powers behind the  Empire 
M ining Congress.

TH E  rep o rt of the  R adium  Sub-Committee 
of th e  C om m ittee of Civil Research1 

con tains a review  of world resources and 
concludes th a t  for p resen t purposes the 
only feasible source of supply  to  meet 
u rgen t hospital requ irem ents in th is country 
is from Belgium , w here th e  Congo ore is 
concentra ted , in v ir tu e  of th e  v as tly  higher 
grade of th a t  ore. T here has been some 
d isappoin tm ent th a t  recom m endations for 
a tten tio n  to  E m pire (e.g., A ustralian) and 
hom e sources were n o t m ade. The problem 
is a difficult one an d  th e  econom ic significance

1 London : H.M. S tationery  Office. Price 6d.



of a high-grade raw  m ateria l is ap tly  
crystallized by  th e  following words taken  
from an article by  the  la te  J . S. M cA rthur 
in the M a g a z in e  for F ebruary , 1916 : “ The 
figures involved in  the  radium  in d u stry  
baffle the im agination . . .  to  ex tra c t 10 
milligrams of radium  from 1 ton  of ore is 
like selecting ten  m inutes ou t of th e  whole 
Christian era .” Adverse critics of th e  rep o rt 
have, perhaps, overlooked, too, th e  fact th a t  
Sir Thomas Holland was a m em ber of th e  
committee.

T he In stitu tion  M eetin g
At the April m eeting of th e  In s titu tio n  

of Mining and  M etallurgy th e  Sym posium  
on Geophysics was continued. Mr. B roughton 
Edge’s paper on th e  general principles of 
electrical prospecting was taken  as read, 
the author being again absen t, an d  the  
proceedings com menced w ith  the  presen tation  
by Mr. K arl Sundberg of tw o papers on 
prospecting by  Swedish geoelectrical 
methods. The first paper, which had  been 
compiled by  Mr. Sundberg an d  Mr. Haris 
Lundberg, dealt w ith  ore-finding m ethods 
and was exemplified and  illu stra ted  by  the 
authors’ experiences in Sweden, Mexico, 
and Newfoundland, where discoveries were 
made respectively of iron and  copper, 
molybdenite and galena, and  a lead-zinc 
orebody w ith copper, silver, and  gold. 
The second paper exemplified practice in 
locating a salt dome in Texas. Two o ther 
papers were presen ted  by  Mr. H. B. B atem an, 
in the authorsh ip  of which he collaborated  
with Mr. N orbert Gella. the  technical 
director of the E lbof Geophysical Com pany, 
Cassel, G erm any. These were in the  
form of brief notes on an electrical and  
magnetic investigation  of m agnetite  ores 
in N orth Sweden and  on an  electrical 
investigation for copper ores in R oum ania. 
When introducing these papers Mr. B atem an 
ventured to  p a rry  th e  criticism  levelled 
against geophysical p rospecting  com panies 
by Dr. M cLintock a t th e  previous m eeting 
by transferring  th e  blam e for secrecy to  
the individuals em ploying them .

Following these papers were dem onstra
tions of a m agnetom eter and  a seism ograph. 
Instrum ents em ployed in geophysics have 
undergone very  rap id  developm ent in recent 
years. The m agnetom eter shown, for exam ple, 
represented a  considerable technical advance 
on its  predecessors an d  we hope to  
include a  descrip tion  thereof in our 
next issue. E lsew here in th is  issue

we publish as ano ther exam ple of such 
progress a  descrip tion  of the  g rav ity  gradio- 
m eter, w hich represen ts an  im p o rtan t con
trib u tio n  to  th e  im provem ent of g rav im etric  
surveying instrum ents.

A fea tu re  of th e  m eetings of th e  In stitu tio n  
which have earned  it a  w ell-deserved 
rep u ta tio n  am ong th e  technical and  learned 
societies in London is th e  excellence of the  
discussions on subjects b rough t before them , 
and  it  was, perhaps, because of th is  very  
fac t th a t  some d isappo in tm ent was felt th a t  
th e  length  of th e  proceedings precluded 
th e  possib ility  of an y  ex tended  ta lk . On 
th e  o ther hand , th e re  were m an y  who felt 
no t u n n a tu ra lly  re lu c tan t to  em bark  on a 
sub ject so beset w ith  m athem atica l and 
physical intricacies. I t  was th u s w ith  a 
doubly  s tim ula ted  in te rest th a t  th e  m eeting 
heard  th e  s ta tem en t delivered b y  Mr. A. S. 
F itzpa trick , which, as th e  P residen t rem arked  
in his conclusion, m ade a  fitting  com m entary  
on th e  tw o evenings’ proceedings. Mr. 
F itzpa trick , who is th e  technical liaison 
officer betw een th e  Com m onw ealth and  
Hom e G overnm ents, gave chap te r and  verse 
abou t th e  w ork being done in A ustralia  
by  th e  Im peria l Geophysical E xperim en ta l 
Survey under th e  leadership of Mr. B roughton 
Edge. T his commission has separate sections 
w orking on gravim etric , electrical, and  m ag
netic  m ethods, and ano ther sm aller section 
on th e  seismic m ethod. F rom  the ir w ork 
th ree  im p o rtan t resu lts m ay be expected  : 
S tim ulation  of in te rest in geophysics
itself, as a  resu lt of the  d a ta  to  be published ; 
an  o p p o rtu n ity  for B ritish  m anufacturers 
to  design and  m ake the  requisite instrum ents, 
so m any  of which have orig inated  on the  
C ontinent ; and, finally, the  stim ulation  
of the  m ining in d u stry  itself in the  Com mon
w ealth . W e m ight add  here th a t  elsewhere 
in th is  issue we publish the  first p a r t of 
an  in teresting  review  of th e  earlier h isto ry  
of geophysics by  D r. W. R. Jones.

Rio T into
E rra tic  m ovem ents in th e  price of copper 

on the  one h an d  and  the  in terest aroused 
a  few m onths ago in w hat was th o u g h t to  
be a  serious disagreem ent betw een the  
R io T in to  Com pany and  th e  Spanish Govern
m en t on th e  o ther have com bined to  invest 
th e  proceedings of the  annual general 
m eeting of th is great undertak ing  w ith 
peculiar significance. In  these circum stances 
it is perhaps particu larly  fo rtunate  th a t  the 
C hairm an’s speech a t  th a t  m eeting  should
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have been one of th e  m ost im p o rta n t and  
in teresting  th a t  has ever been m ade to  the  
shareholders of the  com pany. Sir A uckland 
Geddes to ld  a  p lain and  sim ple b u t 
illum inating  sto ry  which so adm irab ly  
reflects some of th e  m any  aspects of m ining 
as to  be well w orth  a little  consideration.

He dea lt first w ith  th e  se ttlem en t of the  
differences w ith  the  Spanish G overnm ent 
already  alluded to  and  confessed frank ly  
th a t  in th e  p as t there  h ad  been u n d er
sta tem en ts  of th e  copper con ten t of some 
of th e  py rite s exported  and  th a t ,  as a  resu lt 
of th e  underpaym ent of ex p o rt taxes, 
th e  profits shown in th e  balance sheets 
for the  years in question  were g rea ter 
th a n  th e y  should have been and  th e  d ividends 
correspondingly too high. A dditional p ay 
m ents have been and  are being m ade, an d  
the  Spanish G overnm ent’s fac ilita tion  of a 
se ttlem ent is, n o t u n n a tu ra lly , m uch 
appreciated . Still on th e  sub ject of the  
relationship  betw een a  m ining com pany 
and  th e  governm ent an d  peoples of th e  
coun try  of operation, he to ld  of com m endable 
social services for th e  welfare, education , 
and  recreation  of th e  m ine w orkers and  the ir 
dependents, w hich was b y  w ay  of answ er 
to  a  criticism  la te ly  heard  from  an  in fluen tial 
Spaniard  to  th e  effect th a t  foreign com panies 
m ining in Spain cared nough t for th e  peoples 
em ployed.

Concerning m ining and  m illing operations, 
th e  C hairm an revealed th a t  th e  average 
copper con ten t of th e  m assive py rite s  being 
worked was tend ing  to  fall, while th a t  of th e  
porphyritic  ores was m ain ta ined , for th e  
trea tm en t of w hich a  new  co n cen tra to r 
is to  be in  operation  soon. Of th is  
po rphyritic  ore very  little  has been h eard  
before. He w ent on to  speak of th e  w ork 
of the  com pany in o ther p a rts  of th e  world 
th rough  its  various subsidiaries, and  in 
particu lar of th e  P y rite s  C om pany’s w ork 
a t  W ilm ington, D elaw are, an d  elsewhere, 
which led up  to  disclosures as to  th e ir  
in te rest in silica gel, w hich has la te ly  
culm inated in th e  form ation  of an  organiza
tion  w ith  world-w ide ram ifications, w ith  
himself as president. Silica gel is a  chem ical 
product resulting from  th e  tre a tm e n t of 
sodium silicate (w ater glass) w ith  su lphuric 
acid produced from  Rio T in to  pyrites. 
This m ateria l has a  rem arkab le  adsorp tion  
power and is rap id ly  finding considerable 
industria l uses on th is  account. N o tab ly  
has it already  been em ployed successfully 
for air conditioning, an d  in p a rticu la r  th e  
dehydration  of air for b la s t furnaces, for

refrigeration  of ra ilw ay  fre igh t cars and 
for th e  refining of m o to r  benzol.

A p art from  its  subsid iary  companies, 
th e  C hairm an m ade disclosures of outstanding 
im portance w ith  regard  to  the  interest 
which th e  R io T in to  C om pany has acquired 
in w hat th rea ten s  to  becom e its  most 
serious rival as a  copper p roducer, indirectly 
th rough  its  association w ith  M inerals Separa
tion , on th e  B oard  of w hich th e y  are already 
and  will be fu rth e r  represen ted , and  directly 
th ro u g h  its  in te rest in R hodesian Congo 
B order Concessions, th e  B oard  of which he 
him self expects to  join.

As we have a lread y  seen, th is  wide and 
com prehensive su rvey  presen ts us with 
an  im age of th e  m any-sidedness of the 
business of m ining. T here is th e  relation
ship betw een th e  m ining com pany and the 
governm ent of th e  co u n try  of operation, 
for th e  m ain tenance of th e  friendly  character 
of w hich th e  engineers and  o th er executives 
of th e  com pany  are m ore often than  not 
responsible. T h a t m ining engineers should 
becom e d ip lom ats is hard ly  necessary, but 
th e  ab ility  to  exercise ta c t  is invariably 
a  com m anding asset. S im ilarly  in the 
labou r relations, p roper a tte n tio n  to  housing, 
san ita tion , in fan t w elfare, recreation, and 
education  w ill go a  long w ay, if no t actually 
all th e  w ay, to  c reating  a  loyal and hard
w orking force.

T urn ing  to  th e  m ore m ateria l side, the 
success of a  m ining enterprise will depend 
on th e  efficient disposal of its  products. 
T he m ain  or p rim a ry  p roducts do no t present 
m uch  difficulty, except w hen owing to  over
production  or o th e r causes there is a falling 
m arke t. In  such a  case restriction of 
o u tp u t seem s th e  only rem edy, especially 
w hen research  in to  m ethods of effecting a 
b e tte r  or cheaper concentra tion  or for 
finding new  uses for th e  p articu la r material 
have failed to  produce any  considerable 
result. M any of th e  o ther products are 
u sually  dum ped u n til uses are found for 
them , and  it  is here p articu la rly  th a t the 
value of research com es in. Uses m ust be 
found for as m any  of these as possible. 
Also im p o rtan t in th is  connection is the 
b road  outlook of those in suprem e control 
of th e  com pany.

T he finance of m ining operations is not 
a  subject for us to  delve in to , principally 
because it does no t differ g rea tly  from  that 
of any  o ther industria l undertak ing . Thus 
it is a t  the  d ic ta tes of good sense, in  response 
to  long v ision , r a th e r  th a n  to  an y  specialized 
knowledge th a t  those in  contro l spread



their capital assets and  acquire in te rests  in 
other m ining, m etallurgical, or cognate 
enterprises and  p articu la rly  those which 
promise on th e  one h an d  to  becom e good 
allies or on th e  o th er serious rivals.

The Institution  A n n u a l D inner
Time did no t perm it m ore th a n  a  bare 

reference in our last issue to  th e  proceedings 
at the A nnual D inner of th e  In s titu tio n  of 
Mining and  M etallurgy. The speeches 
delivered were particu la rly  in teresting  and 
may suitably be dealt w ith  further. Especially  
impressive were th e  w eighty  w ords of 
warning u tte red  by  Sir H alford  M ackinder 
as to the responsibilities which devolve on 
those who control the  o u tp u t of th e  mines. 
As he pointed out, there  is a  danger of th is 
becoming too m onopolistic and  passing out 
of the control of governm ents in to  th e  hands 
of a few powerful industria l groups. O ur 
British civilization, covering as it does 
a fourth p art of the  w orld, has th e  ta sk  of 
developing a v as t es ta te  w hich should be 
done not only in our own in te rests  b u t in 
those of the whole of hum anity .

Sir Godfrey Fell, who was charged w ith  
responding to  th is sta tesm anlike appeal, 
fell back a t first on w itticism s, m aking 
invidious com parisons betw een precious and  
base m etals, b u t recovered him self to  u tte r  
a plea for stabilization in th e  prices of m etals. 
If to the uncertain ties of m ining were added 
those as to  the  price a t  which th e  hard-w on 
product was to  be sold, th e  investor was 
bound to  be discouraged from  giving his 
aid to the explo ita tion  of th e  w orld’s m ineral 
resources. W e can hear m any  an  answering 
Aye !

In proposing the  to a s t of th e  In stitu tio n , 
Sir R ichard Gregory was pleased to  see 
that the con tac t betw een th e  purely  
scientific w orker and  th e  industria l tech
nologist was being m ain ta ined  and  in fact 
strengthened and  he chose tw o happy  
examples to  illu stra te  his point. In  geo
physics there is th e  application  of purely  
physical principles to  th e  location of under
ground masses and  in th e  older flo tation  
there is the  application  of ano ther physical 
phenomenon to  th e  concen tra tion  of m eta l
liferous m aterials.

Professor T rusco tt, in responding to  th is 
toast, m ade his them e th e  position of the  
technical m an  in industry . H e holds th a t 
m anagem ent and  labour are th e  tw o factors 
in industry , preferring  to  regard  “ cap ita l 
and labour ” as having m ore of a  political

significance. T hus under th e  heading  of 
“ m anagem ent ” he groups th e  m anager 
and  his technical staff as well as th e  d irectors, 
b o th  business and  technical. Good m anage
m en t can m ake good labour and  is responsible 
for th e  prevention  of w aste. F o r these 
arduous and  onerous du ties i t  m u st be 
scientifically organized and  th e  p rac tica l 
m an  m ust be displaced, for he it is w ho has 
been responsible for th e  h ap h aza rd  w ays 
and  backw ard  equipm ent of th e  p ast. Much 
of this, we feel, is profoundly  true , an d  yet 
th e  rem edy, if lite ra lly  in te rp re ted , m ust 
surely  be worse th a n  th e  disease. H e w ent 
on to  say  th a t  as a  n a tio n  we have a  g rea t 
n a tu ra l ab ility  and  th a t  our ideals of educa
tion , inasm uch as th ey  are largely a  m a tte r  
of m oral discipline, have m ade us honest 
an d  fair above o ther nations. W e m u st 
s trive  to  m ain ta in  th is  an d  set our face 
against the  tendency  to  praise “ a r tis tic  
indolence,” which is one of our o ther and  
less w orthy  na tional characteristics. B y 
reason of th e  form er and  rem oved from  th e  
sphere of influence of th e  la tte r  B ritish  
en terprise is especially successful abroad. 
In  so far as m ining is concerned, th e  Rio 
T in to  Com pany, th e  Mysore goldfield, and  
th e  T ransvaal in d u stry  are shining exam ples. 
W hen, however, we tu rn  an d  look a t  sim ilar 
non-ferrous industries a t  hom e we do no t 
find such an  en tirely  h ap p y  p ic tu re  w ith 
respect to  th e  m etallu rgy  of th e  m ajo r 
base m etals— copper, lead, and  zinc. H e 
th in k s th a t  th e  loss of these industries is 
due to  “ unenlightened ”  m anagem ent. W ith  
m odern m anagem ent and  in v irtu e  of our 
geographical position, our technical genius, 
our business honesty , our good labour., and  
our cheap pow er we should be able to  com 
pete  for these and  o ther m ineral products. 
In  spite of th e  im pressive character and  
undoub ted  sincerity  of these well-chosen 
words Professor T rusco tt left upon his 
hearers a  sense th a t  there  was som ething 
m issing, and  w ould probab ly  have sent them  
aw ay happ ier if he h ad  defined “ m anage
m e n t.” M any, for exam ple, will no t be 
disposed to  adm it his conten tion  th a t  certain  
m etallurgical industries have been lost 
th rough  bad  m anagem ent of th e  past, p re
ferring to  regard  these losses as consequences 
of changed economic conditions.

Sir A uckland Geddes, who spoke a  few 
w ords a t th e  end on behalf of th e  guests, 
re ite ra ted  th e  first speaker’s plea for placing 
th e  m ineral and  o ther resources of the  
w orld a t  th e  disposal of h u m an ity  a t large.
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In trod u ction .— In  view of th e  G eneral 

E lection th is  m on th  and  th e  u n ce rta in ty  
which usually  precedes th e  appeal to  the  
coun try  business has kep t qu ite  good. 
Copper and  tin  are lower, b u t b o th  are well 
supported  a t cu rren t prices, deliveries of 
tin  in the  U nited  S ta tes  for A pril reach ing  
th e  new  high record of 8,435 tons.

T ran svaa l.— I he o u tp u t of gold on th e  
R and  for April was 836,474 oz. and  in  th e  
outside d istric ts 35,649 oz., m aking  a  to ta l 
of 872.123 oz. The natives em ployed on 
the  gold m ines a t th e  end of th e  m onth  
to ta lled  197,412, as com pared w ith  197,646 
a t the  end of March.

The net profit of th e  C entral Mining and  
Investm en t C orporation for 1928 was 
¿725,677, approx im ate ly  th e  sam e as for 
1927. The paym en t of a  final d iv idend  of 
8s. and  a  bonus of 4s., toge ther 12s. per 
share, free of incom e ta x , is recom m ended, 
m aking th e  to ta l d istribu tion  for th e  year 
20s. per share, free of incom e ta x , th e  sam e 
as for th e  previous year.

The 1928 reports  of th e  m ines controlled 
by  th e  A nglo-Am erican C orporation  were 
issued last m onth . A t the  B rakpan , 
although  a  record tonnage was m illed, 
th e  profit, was n o t qu ite  up  to  th a t  for th e  
previous year, owing to  a  low er y ield  being 
obtained. W orking costs, how ever, a t 
19s. 9d. showed a  reduction  of 7d. per to n  
m illed as com pared w ith  1927. T he com 
p a n y ’s operations were also adversely  
affected b y  a decrease in  n a tiv e  labou r 
during th e  final q u a rte r  of th e  year, b u t for 
which the  profit would, i t  is s ta te d , have  
exceeded th a t  for th e  previous year. The 
to ta l w orking profit was ¿639,755, aga inst 
¿643,470, d ividends to ta llin g  9s. 9d. per share 
absorbing ¿497,250. The ore reserves a t 
Decem ber 31 la st were es tim ated  a t  2,938,050 
tons, a  decrease of 131,570 tons, b u t th e  
value a t 8‘21 dw t. is 0 ’28 dw t. b e tte r , w hilst 
the  stoping w id th  is 57‘61 in. aga in st 60’34 in. 
In  the  m iddle w estern  a rea  developm ent 
operations m e t w ith  a  fair m easure of 
success and  a  considerable tonnage of good 
grade ore from  th is  section was included  
in the  reserves.

As in th e  case of th e  B rak p an , Springs 
Mines had  a  record  tonnage for 1928—  
830,600 tons, aga in st 799,000 to n s— and  
the  yield a t 41s, 4d. aga inst 38s. 7d. showed 
a  sa tisfactory  im provem ent, for w hich th e  
reduction  in stoping w id th  w as m ain ly  
responsible. W orking costs, how ever, were

som ew hat higher. The w orking profit was 
¿853,852, aga inst ¿727,603 for 1927, and 
dividends to ta llin g  6s. 9d. per share were 
paid , absorb ing  ¿506,250. A t th e  end of 
last y ea r th e  reserves were estim ated  at 
3,008,641 tons, value 9T 0 dw t. over a stoping 
w id th  of 52'50 in ., as com pared  w ith  3,198,420 
tons, value 8'58 dw t. over a  stoping width 
of 57'39 in. a t  th e  end of th e  previous year.

On th e  W est Springs th e  w orking profit 
for 1928 was ¿260,565, aga inst ¿343,847 
for 1927, a lth o u g h  a  considerably  larger 
tonnage w as m illed— 647,300, against 
587,700. The falling-off in th e  yield of 
over 3s. per to n  m illed w as due to the 
inclusion of a large tonnage from  the old 
developm ent dum p, w hich is of low grade. 
The reserves a t  th e  end of la s t year were 
2,695,520 tons, value 6'80 dw t. over a 
stop ing  w id th  of 61T 6 in ., an  increase of 
57,300 tons as com pared w ith  the end 
of 1927, th e  value a t  7 2 3  dw t. showing a 
decrease of 0'43 dw t., w hilst the  stoping 
w id th  of 61T6 in. com pares w ith  6T55 in.

The U nion C orporation  rep o rt for 1928 
shows a n e t profit of ¿428,582, as compared 
w ith  ¿386,160 for 1927, th e  to ta l dividends 
of 5s. 6d. per share ta k in g  ¿385,000, as 
aga inst ¿350,000 for th e  preceding year. 
The reserve accoun t has been substantially 
increased an d  now  s tan d s a t ¿630,570. 
The com pany, as in previous years, has 
derived  m uch  of its  revenue from  its holdings 
in M odderfontein D eep Levels and  Geduld 
P ro p rie ta ry  Mines, whose reports were 
sum m arized in our last issue, and  also from 
its  in te rest in  th e  San Francisco  Mines of 
Mexico. The rep o rt s ta te s  th a t  interests 
have been acqu ired  in certa in  of the com
panies w hich are exploring and  developing 
th e  N o rth ern  R hodesia copper deposits.

F o r 1928 th e  G eneral Mining and  Finance 
C orporation  showed a  profit of ¿90,293, 
aga in st ¿325,187 for 1927, and  as the 
d iv idend  paid  in D ecem ber last took ¿63,228 
no final d is trib u tio n  for la s t year was forth
coming. The corporation , however, carried 
forw ard ¿120,257, aga inst ¿102,489 brought in.

W ith  regard  to  th e  New S teyn  Estate, 
a  deep level in th e  w estern  R an d  belonging 
to  th e  G eneral M ining and  F inance group, 
it was s ta te d  a  year ago th a t  an  amalgama
tion  w ith  th e  neighbouring D u rb an  Roode- 
poort D eep was under consideration . The 
repo rt for 1928 says th a t  i t  has n o t y e t been 
found possible to  arrive a t  a  satisfactory 
basis for this.

266
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Owing to  a  su b s tan tia l increase in  the  
working profit for la s t year— w hich jum ped  
from £42,537 for 1927 to  £96,344 for 1928— 
the E ast R an d  P ro p rie ta ry  Mines were able 
to clear off th e  balance of th e  deben tu re  deb t. 
The im provem ent was due to  an  increase 
in the supply  of n a tiv e  labour and  to  
additional ho isting  facilities underground , 
which enabled a g rea ter tonnage to  be milled. 
Whilst the  w orking revenue was 3d. per ton  
milled higher, w orking costs were reduced  by  
5d. per ton  m illed, th e  w orking profit there- 
foreshowing an  increase of 8d. per ton  m illed, 
which accounts for the  sa tisfac to ry  increase 
of nearly £54,000 shown in  la s t y e a r’s to ta l 
working profit.

Rhodesia.— The gold o u tp u t of Southern  
Rhodesia for M arch w as 47,388 oz., as 
compared w ith  44,551 oz. for F ebruary . 
Other ou tpu ts  for M arch were : Silver,
6,783 o z .; coal, 72,053 tons ; chrom e ore, 
9,852 to n s ; asbestos, 3,604 to n s ; and  
mica, 15 tons.

The proposal to  increase the  cap ita l of the  
Roan Antelope to  £1,250,000 by  th e  creation  
of a million new shares of 5s. each was 
approved a t th e  m eeting last m onth . F rom  
the rem arks of Mr. Chester B e a tty  reported  
elsewhere in th is  issue it  will be seen th a t  
the mining and  financial position are equally  
satisfactory.

In F ebruary  last reference was m ade in 
this column to  th e  negotiations for financing 
the N ’Changa, when it  was po in ted  out th a t  
a strong group—th e  p rincipal nam es of which 
were given—was p repared  to  subm it m ore 
advantageous term s th a n  those offered by  
the American Sm elting and  Refining Co., 
whose offer w as thereupon  w ithdraw n. 
Arrangements have now been m ade increasing 
the capital to  a million sterling  by  the  
creation of 400,000 new  ord inary  shares of 
£1 each, which w ill enable th e  Rhodesian 
Congo B order Concession, L td ., as th e  p aren t 
company, m ore actively  to  finance the  
N’Changa.

The policy of pushing developm ent drives 
into unexplored ground  w as continued  
last year on th e  Lonely Reef w ith  very  
satisfactory results. The extension of the  
11th  and  12th  levels sou th  exposed a  lens 
of high-grade ore, w hich has so far been 
proved from  th e  13 th  upw ards to  th e  9 th  
level. In  view of th e  success m et w ith  
in ex tend ing  these levels th e  policy of 
pushing developm ent in to  o ther unknow n 
areas is being continued. L ast y ea r th e  
com pany m illed 62,330 to n s for 35,030 oz.

of gold, w hilst th e  148,415 tons of accum u
la ted  slimes trea ted  yielded 11,064 oz., 
bringing th e  to ta l to  46,094 oz., as com pared 
w ith  31,140 oz. for 1927. On m ining opera
tions th e  n e t profit w as, £83,196, against 
£22,535 for th e  previous year. D ividends 
to ta lling  5s. per share absorbed £72,324. 
The reserves a t  D ecem ber 31 la st were 
96,215 tons, value 15'19 dw t., as com pared 
w ith  87,195 tons, value 11'36 dw t., a t  th e  
end of 1927, there  being in  add ition  over
800,000 tons of accum ulated  slimes also 
available for trea tm en t.

N igeria .—The N igerian E lec tric ity  S upply 
Corporation, L td ., has been form ed under the  
auspices of th e  A nglo-O riental and  G eneral 
In v estm en t T ru s t to  ca rry  th ro u g h  th e  
construc tion  and  equipm ent of a  h y d ro 
electric in sta lla tion  for the  u tiliza tion  of th e  
im p o rtan t K u rra  Falls to  supply  cheap 
pow er to  th e  t in  m ines on th e  B auchi 
p la teau . The cap ita l is £650,000 in 450,000 
p referred  o rd inary  and  200,000 ord inary  
shares of £1 each. Messrs. J . M. S m yth , 
M .Inst.C .E ., and  C. F . M ackness, M .I.E .E ., 
are th e  consulting  engineers an d  Messrs. 
Foley, Boyes, B utler, and  Peek th e  N igerian  
m anagers.

Like all o ther tin  m ining com panies, 
th e  K ad u n a  Syndicate profit for th e  year 
to  O ctober 31 last was adversely  affected 
b y  th e  low price of th e  m etal. F o r th e  period 
m entioned  382J tons w as produced, aga in st 
414 tons for 1926-27, th e  n e t average 
price realized being £140 Is. 9d. per ton , 
against £180 8s. 4d. The profit a t  £17,201 
com pares w ith  £35,068, w hilst th e  d iv idends 
to ta l 20 per cent., aga inst d ividends and  
bonus of 55 per cent, for th e  previous year.

Owing to  an  increased o u tp u t— 310 tons 
against 191^ tons for 1926-27— the p rofit of 
th e  K aduna  P rospectors for th e  y ear to  
O ctober 31 la s t was £10,085, as com pared 
w ith  £9,771 for 1926-27, and  dividends 
to ta lling  20 per cent, have been paid, as 
com pared w ith  30 per cent. The price 
realized for its  p roduct w as £145 11s. Id .,  
against £181 13s. 7d.

A u stra lia .— I t is sa tisfac to ry  to  learn  th a t  
th e  suggestion of th e  B roken H ill com panies 
th a t  th e  presen t w orking arrangem ent should 
continue u n til determ ined by  e ither p a r ty  
giving th ree  m o n th s’ notice of th e  desire 
to  te rm in ate  sam e has been approved  by  
the  unions.

N ew  Z ea lan d .—The W aihi repo rt for 1928 
s ta te s  th a t  owing to  deterio ra tion  a t  succes
sive levels it has been decided n o t to  do any
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fu rth e r exploration  a t  dep th , w hilst la te ra lly  
exploration  has  led to  th e  conclusion th a t  
th e  orebodies are confined w ith in  th e  block 
w hich has been h ith e rto  w orked b y  th e  
W aihi and  W aihi G rand Ju n c tio n  com panies 
th rough  so m any  years. F o r la s t year 
228,749 tons was trea ted  for gold and  
silver realizing £376,685, th e  gross profit 
being £116,825. D ividends to ta llin g  2s. per 
share have been paid, absorbing £99,182. 
T he ore reserves a t  D ecem ber 31 la st were 
408,829 tons, a  decrease of 80,524 tons as 
com pared w ith  th e  end of 1927. The W aihi, 
in  conjunction  w ith  th e  T ronoh  Mines, 
L td ., are  acquiring  a  tin  dredging area  in  
Siam  covering ab o u t 650 acres, in w hich 
th e  form er will have a  tw o-th ird s in te res t 
and  th e  la tte r  a  one-th ird  in te rest.

C ornw all.— A lthough for th e  year to  
M arch 31 last th e  Geevor T in Mines produced 
123 tons of b lack tin  m ore th a n  for th e  
previous year, th e  am oun t realized  only 
showed an  increase of £654, due to  th e  
average price ob ta ined  being nearly  £26 
a to n  less th a n  for 1927-28. H ad  th e  average 
price for 1928-29 been th e  sam e as for th e  
previous year th e  to ta l am oun t received b y  
the  com pany for its  p roduct w ould have 
been n ea rly  £ 20,000 m ore.

P anam a.—The new concession recen tly  
secured b y  th e  P anam a C orporation, w hich 
adjoins th e  V eraguas concession on the  
west, is some 2,000 square m iles in  ex ten t 
and treb les th e  area  previously  held  b y  th e  
corporation  in th e  w estern  po rtion  of its  
te rrito ry . The m ining operations now  being 
carried  ou t are m ain ly  in  th e  V eraguas 
concession and  the  richest discoveries are 
sta te d  to  have been m ade w ith in  th e  w estern  
boundary .

Spain.—The Rio T in to  rep o rt s ta te s  th a t  
last year operations a t  th e  m ines continued  
in a sa tisfactory  m anner, th e  m ineral sh ipped  
being in excess of th a t  for 1927. The profit 
for 1928 was £1,669,783, aga inst £1,016,840 
for 1927, and, a fte r  p ay m en t of th e  preference 
dividend, th e  o rd inary  received 40s. per 
share, which absorbed £750,000, th is  com 
paring w ith  50s., tak in g  £937,500, for 1927, 
the  decrease being due to  th e  com pany having  
to  m eet heavy  dem ands for a rrea rs  of tax es 
in Spain, in addition  to  w hich it decided to  
place £200,000 to  an  em ergency accoun t. 
In  order to  finance th e  co m p an y ’s in te res ts  
in N orthern  R hodesia it  w as decided a t  an  
ex trao rd inary  general m eeting  on th e  9th  
inst. to  increase th e  ca p ita l b y  50,000 
O rdinary  shares, w hich are  to  be offered to  
th e  O rd inary  shareholders.

The T harsis p rofit for 1928 of £122,029 
was well ahead  of th a t  for 1927 and  after 
placing £25,000 to  a  general reserve account, 
to  w hich th e  sum  of £ 10,000 s tand ing  to 
th e  cred it of reserve insurance fund 
accoun t has also been transferred , en
ab led  a  d iv idend  of 10%  to  be paid, 
as aga in st 8|%  for th e  previous year, the 
ca rry  forw ard  a t £82,139 being abou t the 
sam e as th e  am o u n t b ro u g h t in.

A m a lg a m a ted  M ining Trust.— For the 
y ear ended  M arch 31 last th e  Am algam ated 
M ining T ru s t show ed a  n e t profit of 
£196,360, as com pared  w ith  £72,151 for 
th e  previous tw elve m onths. The final 
d iv idend  of 2s. an d  a  bonus of Is. brought 
th e  to ta l  for th e  y ea r to  4s., o r double that 
for 1927-28, th e  ca rry  forw ard being £34,970, 
aga in st £24,896 b ro u g h t in.

Z in c M an u factu rin g  C om pany.—In 
N ovem ber la st som e particu la rs  were given 
of th e  Coley Zinc Process, in  w hich Messrs. 
S tew arts  and  L loyds are largely  interested. 
The Zinc M anufactu ring  Com pany, which 
has a  cap ita l of a  m illion sterling , in "l,800,000 
“ A ” o rd in ary  shares of 10s. each and
200.000 “  B ” o rd in ary  shares of 10s. each, 
tak es  over certa in  righ ts of m anufacture 
and  sale u n d er th e  process and  la st month
1.275.000 of th e  “ A ” shares were offered 
to  th e  public  a t  par.

A n g lo -O rien ta l M in ing  Corpora
tion .— The rep o rt for th e  period to  February 
28 last, covering app rox im ate ly  th e  first year 
of th e  co rpo ra tion ’s operations, shows a 
p rofit of £220,228. A fter m eeting  the pre
ference d iv idend  of 1 \  p e r cent., a  dividend 
of 9d. on th e  o rd in ary  an d  a  final dividend 
of 3d. on th e  preference have been paid, 
th e  ca rry  forw ard  being £83,493. An invest
m en t reserve of £60,000 has been created 
b y  tran sfe rrin g  th e re to  th e  sum of 
£29,731 8s. l i d .  s tand ing  to  th e  credit of 
th e  share  p rem ium  account and  an  appropria
tion  of £30,268 11s. Id . from  th e  profits 
of th e  p as t year. The corporation  is mainly 
in te rested  in  tin -producing  companies, the 
aggregate o u tp u t from  w hich has for some 
m on ths p as t exceeded th e  figure quoted in 
its  p rospectus by  m ore th a n  50 per cent. 
H av ing  regard  to  th e  conditions existing 
during  th e  period covered b y  the  report, 
th e  resu lt of th e  co rpo ra tion ’s first year’s 
operations cannot be regarded  as o th e r than 
sa tisfactory . A t th e  m eeting  la st week 
Mr. Jo h n  Howeson dea lt fu lly  w ith  th e  tin 
position and  his rem arks will doubtless 
receive the  careful consideration  of those 
in terested .



EARLY GEOPHYSICAL PROSPECTING
By W IL L IA M  R. JO N ES, D.Sc., D.I.C., F.G.S., M.Inst.M.M.

T h e  a u th o r  gives a  v a lu ab le  h isto rica l reco rd  of th e  w ork  of B ritish  p ioneers  in es tab lish ing  p rinc ip le s.

A hundred  years ago, as th e  resu lt of 
numerous experim ents conducted  in Cornish 
mines, R obert W ere F ox  established, for the  
first tim e in  th e  h is to ry  of science, th a t  
electrical p o ten tia l differences exist betw een 
different p a rts  of ore in various lode form a
tions, and  it can  be claim ed for h im  th a t  he 
is the fa ther of geoelectrical prospecting.

His experim ents are  described in the  
Philosophical T ransactions of the  R oyal 
Society of London for the  y ea r 1830, an d  the 
results of fu rth e r experim ents are recorded 
in the Proceedings of the  Geological Society, 
pages 755 to  757, vol. iii, 1842. The sim ple 
apparatus he em ployed “ consisted of copper 
wires from to  ¥x¥ inch in  d iam eter, and  
plates of different m etals, w ith  o ther con
trivances for vary ing  th e  m ethods of p ro
ducing con tac t w ith  the  ore-points selected 
in the veins. The galvanom eter h ad  only 
one needle 2^ in. long, f  in. w ide, an d  ¥x¥ in. 
thick, having an  ag a te  cup an d  m oving on 
a steel point. A fine b rass wire w as coiled 
48 times round  the  box w hich con tained  the 
needle.”

In the P ennance Mine, n ea r F alm outh , 
with th is very  sim ple a p p a ra tu s , by  con
necting ore-points se p ara te d  from  one ano ther 
by distances vary ing  from  36 to  600 feet, he 
obtained galvanom eter deflections of from  
20 to 80 degrees and , “ in the  eastern  
portion of th e  six -fa thom  level th e  needle 
traversed com pletely  ro und  an d  continued 
to revolve a  sho rt tim e a fte r  th e  circuit 
was b roken .” The lodes sub jected  to  
these experim en ts “ ab o u n d  w ith  arsenical 
and iron py rite s  in te rspersed  w ith  oxide 
of tin  a n d  su lphu re ts of copper and  
lead .” H e ob ta ined  the  g rea test deflec
tions w hen connections were m ade betw een 
two ore-points of copper, arsenic, and  
iron m inerals ; no deflections were ob
tained betw een  tw o ore-points of galena,

his exp lanation  being th a t  “ su lphuret 
of lead  is m uch m ore electro-positive th an  
arsenical copper or iron p y rite s .”

H is resu lts “ were n o t ap p a ren tly  modified 
b y  th e  m ethod  of m aking  th e  con tac t, or by  
the  m ethod  em ployed to  effect it ,  prov ided  
an  ad eq u a te  degree of p ressure w as 
em ployed. F or instance, a  p o in t of a  copper 
wire, pressed aga in st a  given ore-point was 
m ostly  as effectual as a p la te  of th a t  m etal 
sim ilarly  tre a te d  ; an d  w hen zinc an d  
p la tin u m  were successively su b stitu te d  for 
copper no change w as p roduced .” H e con
cluded, therefore, th a t  “ th e  electric cu rren ts 
w ere independen t of ex traneous causes, and  
were derived  from  the veins on ly .”

The n a tu ra l cu rren t ob ta ined , in  one case, 
was sufficient “ to  render a  sho rt b a r  of 
iron of a  horse-shoe form , w ith  several coils 
of copper wire a round  it, feebly m agnetic .” 
This pioneer proceeded to  prove also th a t  
electro-chem ical effects could be ob ta ined  
from  th is  n a tu ra l curren t. H e su b stitu ted  
th e  electro-m agnet in th e  circu it for a  “ V ” 
shaped glass tu b e  “ having  m oistened clay  
a t  th e  b o tto m ,” an d  w ith  w ate r in one lim b 
an d  copper su lpha te  solu tion  in the  other. 
"  Sm all cylinders of copper pyrites, tak en  
from  th e  sam e piece of ore, were em ployed to  
connect these liquids respectively  w ith  the  
opposite wires, th e  ore a t  th e  positive end 
of th e  w ire hav ing  been  d ipped in w ater, 
an d  th a t  a t  the  negative end  in the  solution 
of copper su lphate . The ap p a ra tu s  rem ained  
u n d is tu rbed  for th ree  days w hen th e  colum n 
of th e  solution of su lpha te  of copper was 
found to  have increased in heigh t a t  the  
expense of the  w ate r in th e  o ther b ranch , the  
difference being ab o u t J §  in. On the  copper 
py rite s in th e  solution of su lpha te  of copper 
being exam ined, it w as found to  be p a rtly  
coated  w ith  m etallic copper.” F ox  rem arked  
th a t  these effects were produced solely by
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m eans know n to  ex ist in  th e  e a rth , and  he 
added  “ th a t  the  experim en ts seem ed, th e re 
fore, to  have  a  d irec t a n d  unequivocal 
bearing  n o t only on the  decom position of 
m etallic sa lts under th e  surface, b u t on the  
causes w hich effect th e  d ifferent levels of 
su b te rran ean  springs, a n d  th e  purification  of 
w ate r from  bodies w hich i t  m a y  ho ld  in 
so lu tion .”

B e n n e ts1 in  1833 conducted  experim en ts 
w hich led h im  to  th e  conclusion th a t  th e  
n a tu ra l electric effects increased w ith  the  
copper con ten t of th e  o r e ; an d  in  th e  year 
1841 H enwood, who w as th e n  S ecre tary  to  
th e  R oyal Geological Society  of Cornwall, 
su b m itted  a very  in te resting  com m unication  2 
to  th e  R oyal Society, th e  M arquis of 
N ortham pton , th e  P residen t, being  in  the  
chair. The p ap er was en titled  “ E xperim en ts 
on the  E lectric  C onditions of th e  R ocks an d  
M etalliferous Veins (Lodes) of Longclose an d  
Rosewall H ill Mines in C ornw all.”

I t  w as explained  th a t  the  experim en ts 
were un d ertak en  w ith  th e  ob ject of d e te r
m ining the  reasons w hy th e  experim en ts of 
R. W . Fox  a n d  o thers h a d  been  unab le  to  
de tec t th e  presence of e lec tric ity  in  th e  tin  
veins of Cornwall (as a p a r t from  th e  lodes 
carry ing  a  h igh  co n ten t of copper, arsenic, 
an d  iron  m inerals w here F ox  h a d  p roved  
elec tro -po ten tia l differences). The m ethods 
used b y  H enw ood were sim ilar to  those of 
Fox, a n d  th e  ta b u la te d  resu lts  o b ta in ed  by  
Henw ood show th a t  “ b o th  th e  g ran ite  an d  
th e  tin  vein in  Rosew all H ill m ine, an d  also 
th e  greenstone an d  th e  copper vein  in  th a t  
of Longclose, p resen t unequivocal traces of 
electric cu rren ts , w hether d ifferent p a r ts  of 
th e  sam e veins or various portions of th e  sam e 
rocks were exam ined .” H enw ood claim ed 
th a t  his experim en ts show ed also th a t  “  the  
n a tu re  an d  position  of th e  sm all m etallic  
p la tes em ployed m a te ria lly  affect, n o t only 
the  in tensity , b u t in  som e cases also th e  
d irection  of the  cu rren ts  ; and  also th a t  th e re  
is a  considerable difference in th e  resu lts  w hen 
the sam e p la tes  of m e ta l are  placed on 
different ingred ien ts in th e  veins, even though  
these m ay  be in  im m ed ia te  co n tac t w ith  each 
o th e r .”

1 J. B ennets, The London, Edinburgh, and  
Dublin Philos. M ag. and Journal o f  Science, L ondon, 
vol. 3, p. 17, 1833.

2 W. J . Henwood, Proceedings o f R oyal Society, 
London, Series A, p. 315, 1841.

F ox  h ad  com e to  th e  conclusion 1 th a t  the 
e lec tro -po ten tia l differences in  orebodies 
w ere due to  e lec tro ly tic  processes which 
ac tu a lly  accoun ted  for th e  deposition  of the 
ore. H enw ood disagreed  w ith  th is view 
an d  con tended  th a t  therm o-e lec tric  effects 
p layed  an  im p o rta n t p a r t. A th ird  Cornish- 
m an  in th e  person of R o b e rt H u n t, who was 
th en  S ecre tary  of th e  Cornw all Polytechnic 
Society, an d  w ho h ad  been “ recently 
engaged in  an  ex p e rim en ta l in q u iry  in to  the 
e lec tric ity  of m ineral veins, an d  being 
desirous of exam in ing  a ll th e  phcenomena 
w hich h av e  an y  b earing  on th is  m ost in
te resting  su b je c t,” was induced  to  institute 
som e experim en ts “ on th e  influence of 
electric cu rren ts upon  th e  copper pyrites, 
w hich is a b isu lp h u re t of copper an d  iron.” 
H e com m unicated  pap e rs  on th is  subject 
betw een  th e  years 1841 an d  1846 an d  in the 
one en title d  “  On conversion of the Bi
su lp h u re t of Copper (Yellow Copper Ore) 
in to  th e  S u lphu re t (V itreous Copper) by 
E le c tric ity  ”  he s ta te s  “ I m ust be excused 
from  rem ark in g  th a t  i t  ap p ears  to  me 
ev iden t th a t  th e  change of b isulphuret of 
copper in to  th e  su lp h u re t is exp lained  in the 
preced ing  experim en ts an d  show n to  depend 
upon  th e  decom posing pow er of the  electric 
cu rren ts  w hich circu la te  th ro u g h  metallifer
ous veins as w as d iscovered  b y  Mr. Robt. 
Fox , an d  th e  decom posing agency  of which 
I  have p roved  m uch  to  m y  satisfaction in 
som e experim en ts conduc ted  in E as t Pool 
copper m in e .”  [ I t w ill be no ted  th a t in 
1847 E a s t Pool, now  a  fam ous tin  mine, 
w as th en  a  copper m ine.— W . R. J.]

I t  is ex trem ely  in te restin g  to  find that 
it  w as a f te r  he h a d  confirm ed th e  experiments 
of F ox  a n d  H enw ood and o th er British 
investiga to rs, th a t  R e ic h 2 was led, in 
G erm any  in  th e  y ea r 1844, to  consider the 
possib ility  of app ly ing  w h a t are  now  known 
as geoelectrical m ethods to  th e  search for 
unknow n ore deposits.

One of th e  m ethods of geophysical 
p rospec ting— th e  G eotherm ic— depends for 
its  d a ta  on th e  d is trib u tio n  of tem perature 
in  th e  e a r th ’s crust, a n d  on th e  h ea t con
d u c tiv ity  of rocks. D ’A ubuisson h ad  drawn 
a tte n tio n  as ea rly  as 1801 to  th e  increase of 
te m p era tu re  w ith  d ep th , a n d  h a d  m ade an 
a t te m p t to m easure i t ; von  T reb ra  in  1818 
h ad  also carried  ou t ce rta in  experim en ts, but

1 R . W . Fox, Reports o f M eeting o f B rit. Assoc, 
fo r  A dv. o f Science, London, 1835.

2 F. Reich, Berg-und Hüttenm ännische Zeitung, 
N ordhausen u. Leipzig, pp . 342-346, 1884.
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it would appear th a t  Jo h n  F o rbes,1 yet 
another Cornishm an, was the  first to  prove 
experim entally, in the  year 1822, th a t  th is 
increase of tem peratu re  could no t be caused 
by blasting operations in the  m ine, to  lights 
used, nor to  the  presence of m an, b u t was 
entirely due to  h ea t in the  e a r th ’s crust, 
and he calculated th is increase. C om paring 
independent results of these th ree  early  
workers, it is found th a t  D ’A ubuisson gave 
an increase of 1° C. for every  29‘5 to  39'5 
metres ; von T rebra for every  31'3 m etres ; 
and Forbes for every  27’5 to  33 m etres. 
That old genius R obert W ere Fox, who had  
for the first tim e established the  existence of 
electrical po ten tia l differences in  orebodies, 
also conducted experim ents on the  geo
therm al gradient. In  his ‘ R ep o rt on some 
Experim ents on the E lectric ity  of M etallic 
Veins and  the T em peratu re  of Mines ’ 2 in 
1837, he describes how, in Skeers lead  m ine 
in Durham , he found “ feeble electrical 
action ” in a  lead  vein ; and  it occurred to 
him th a t the  question  of increase of 
tem perature w ith  dep th  m igh t be decided 
“ by burying the  bulbs of different 
therm om eters a t  various dep ths below the 
deepest excavation  of th e  m ines,” an d  
states he is indeb ted  to  the  agents of L evan t 
Tin and Copper Mine an d  of th e  Consolidated 
Copper Mines for hav ing  carried  his p lan  
into effect in the ir respective mines. He 
used a therm om eter four feet long enclosed 
in a brass tube, h ad  th e  bu lb  sunk  in  a  hole 
three feet benea th  the  ‘ sum p ,’ or bo tto m  
of the deepest shaft, w hilst an o th er shorter 
therm om eter w as placed n ear it w ith  its 
bulb inserted  in a  hole only an  inch deep. 
Both therm om eters h ad  previously  been 
compared w ith a  s ta n d a rd  the rm om ete r and  
corrections were applied. The deeper 
therm om eter reg istered  78° F . as aga in st 
72'5° F. by  the  sho rte r therm om eter. A 
reference is also m ade to  an  ex perim en t 
of his a t  T resavean  Copper Mine, which gave 
an increase of 1° F . for 48 feet of dep th . 
Fox’s resu lts averaged  1° C. for every  
27'5 m etres of dep th , which he considered to 
represent the  average geo therm al grad ien t, 
and he was one of th e  first experim enters to 
point ou t th a t  im p o rta n t varia tions ex isted  
in some m ines an d  th a t  these abnorm al 
differences were due to  m an y  causes.

The Seismic M ethod, w hich is fast becom ing

1 John Forbes, Trans, o f Royal Soc. Cornwall, 
vol. 2, pp. 159-217, 1822.

2 R. W . Fox, Report o f  the British Association for  
Advancement o f Science, 1837, pp. 133-137.

one of the  m ost im p o rta n t of geophysical 
prospecting  m ethods, depends for the 
in te rp re ta tio n  of the  d a ta  ob ta ined , on the 
different ra te s  of p ropagation  of elastic 
w aves th rough  different rocks. J u s t  as 
R o b e rt W . F ox  is th e  fa th e r  of geo-electrical 
prospecting, so is R o b e rt M allet th e  fa the r 
of the  Seismic M ethod of geophysical 
prospecting, for it was he who proved, for 
the  first tim e, n o t only th a t  the  ra tes  of 
p ropagation  of elastic w aves varied  in 
different rocks, b u t also th a t  the ra tes 
varied  in different directions in th e  sam e rock. 
H e was, m oreover, th e  first to  em ploy 
artific ia lly  produced ea r th  trem ors for the 
investiga tion  of th e  propagation  of elastic 
waves.

In  his “ Second R ep o rt on the  F ac ts  of 
E a rth q u a k e  Phenom ena ” to  the  B ritish 
A ssociation in 1851 “ the  tran s it velocities 
were experim en tally  determ ined  of w aves 
of im pulse produced b y  the  explosion of 
gunpow der, an d  these velocities shown 
to be—

In  w et sand  . . 824’915 ft. per sec.
In  discontinuous g ran ite  1306'425 ,, ,,
In  m ore solid g ran ite  . 1664'574 ,, ,,

In  a la te r  paper, nam ely  the  “ R epo rt cf 
the  E xperim en ts m ade a t  H olyhead, N orth  
W ales, to  ascerta in  the T ransit-V elocity  of 
W aves, analogous to  E a rth q u a k e  W aves, 
th rough  th e  local R ock F o rm atio n s,” by  
com m and of the  R oyal Socie ty ,1 he po in ts 
ou t th a t  the  resu lts given above “ produced 
some surprise on m y  own p a r t, as well as on 
th a t  of others, the transit-velocities ob ta ined  
falling g rea tly  below those w hich theory  
m igh t have suggested as possible. . . 
M allet suggested as the  exp lanation  of the 
low velocities ob ta ined , th a t  th e  m edia of 
the  ranges (like all the  solids constitu ting  
the  c ru st of the  earth ) were “ no t in fact 
un ited  an d  hom ogeneous elastic solids, b u t 
aggregates of solids m ore or less sha tte red , 
heterogeneous, an d  discontinuous ; an d  th a t  
to  th e  loss of vis viva, an d  of tim e in the  p ro 
pagation  of the  w aves from  surface to  surface, 
was due the  ex trem ely  low velocities 
observed .” Dr. Ja k o b  N oggerath  in 1846, 
an d  J . F . Schm idt in 1858, showed the  cor
rectness of M allet’s theory , and  also of the 
resu lts of his experim ents, b y  observations of 
the  transit-velocities of n a tu ra l ea rth q u ak es 
in  the  superficial fo rm ations of th e  R hine

1 Reports o f the British Association fo r  A dv. o f 
Science, 1861, pp. 201-236.
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co u n try  of H u n g ary  ; an d  M allet him self d id  
so in S outhern  Ita ly .

In  his earlier p ap e r M allet suggested 
th e  need  of ex tend ing  th e  experim en tal 
determ inations of w av e-tran sit to  s tra tif ied  
an d  foliated  rocks, an d  to  sh a tte re d  g ran ites ; 
a n d  it  appeared  to  h im  th a t  th e  operations 
th en  in  progress in  th e  G overnm ent quarries 
a t  H olyhead, w here large m asses of g ran ite  
were being dislodged by  m eans of gunpow der 
for h a rb o u r construction , w ould p resen t a 
favourab le o p p o rtu n ity  of m ak ing  som e 
experim ents upon th e  stra tif ied  rock  fo rm a
tions of th e  locality . “ In stead  of th e  usual 
m ethod  of b lasting  b y  m eans of sm all charges 
fired in  jum per-holes bored  in  th e  rock, 
occasional explosions of large m ines, con
ta in ing  a t  tim es as m uch as n ine tons of

gunpow der lodged in  one o r th ree  or more 
sep ara te  foci deep w ith in  th e  surface of this 
cliff,” were effected. The gunpow der, well 
tam ped , w as exploded b y  a n  “ electric 
cu rren t from  a  pow erful S m ee’s galvanic 
b a tte ry , a  sm all piece of p la tin u m  wire 
ad ju s te d  w ith in  th e  charge becam e heated, 
and  ign ited  th e  pow der.” T he shock pro
p ag a te d  in all d irections ou tw ards as “ an 
elastic  w ave of im pulse, w as a t  an  early 
s tage of th e  opera tions rem ark ed  to  be so 
pow erful th a t  i t  could be fe lt d istinctly  in 
th e  quak ing  of th e  g round  a t  distances of 
several h u n d red  yards, a n d  was sufficient 
even to  shake  dow n artic les  of delf ware 
from  th e  shelves of co ttag es  a  long way off 
from  th e  q u a rr ie s .”

(To be continued.)

THE GRAVITY GRADIOMETER
By C a p t a in  H . S H A W , M.Sc.. a n d  E. L A N C A S T E R -JO N E S . B.A. (Cantab.)

T h e  au th o rs  d esc rib e  a  n ew  design  o f to rs ion  b a lan ce  fo r g rav ita tional su rvey ing  a n d  o ne  effecting a  g rea t economy

of tim e, la b o u r, an d  cost.

I t  is now  generally  recognized th a t  th e  
g rav ita tio n a l m ethod  of prospecting  has been 
definitely established as a  valuab le  aid 
to  th e  m ining engineer and  geologist in 
locating  an d  elucidating  su b te rran ean  s tru c 
tu res  such as faults, anticlines, synclines, 
etc., by  th e  success achieved in all th e  
principal oil-producing areas of th e  world, 
and  in im p o rta n t m etalliferous regions. 
In  an  artic le  w hich appeared  in  T h e  M i n in g  
M a g a z in e  of A pril, 1927 , th e  photo -v isua l 
ty p e  of E o tvos to rsion  balance w as described, 
and  its  construction  explained. The th eo ry  
of th e  in stru m en t an d  th e  procedure of 
operating  it in th e  field were given, while 
th e  m ethod  of conducting  th e  observations 
and  in te rp re ting  th e  resu lts was also outlined. 
Experience has shown th a t  only th e  com 
para tive  slowness of th e  m ethod  and  th e  
lack of p o rtab ility  of th e  a p p a ra tu s  have 
lim ited  its  app lication  to  regions of fa irly  
sim ple geological s tru c tu re  and  sm all to p o 
graphical relief. W ith  th e  ad v e n t of the  
new design of in stru m en t, of w hich a  b rief 
description is given below, th e  p rac tica l 
d isab ility  under w hich, owing to  bu lk  and  
slowness of operation , th e  to rsion  balance 
has h ith e rto  laboured, now  disappears, and  
an  extensive field of investiga tion  previously

beyond th e  econom ic lim its of employment 
of th is  m e th o d  of prospecting  is opened up.

T he E o tvos to rsion  balance in its usual 
form  m easures ce rta in  g rav ity  values, from 
w hich we are able to  determ ine th e  direction 
an d  m agn itude  of th e  “ g rad ien t of gravity ,” 
and  also th e  “ cu rv a tu re  va lue .” Under 
sim ple conditions of te rra in  and  topography 
b o th  of these q u an titie s  are capable of 
furn ish ing  in fo rm ation  w hich is useful in the 
in te rp re ta tio n  of th e  g rav ita tio n a l anomalies. 
T he occurrence of large surface irregularities 
how ever is to  some ex ten t obstructional 
to  th e  use of th e  cu rv a tu re  q u an tity , as it 
renders necessary  an  excessive am ount of 
levelling and  com putation , while even after 
these corrections have been applied the 
resu lting  value of th e  cu rv a tu re  quantity 
is liable to  a  considerably  larger error than 
th e  g rav ity  grad ien t.

The new  in stru m en t, w hich is a  single
beam  type, m easures th e  g rad ien ts  of gravity 
only, and  determ ines these g rad ien ts with 
an  accuracy ad eq u a te  for all practical 
purposes. The cu rv a tu re  values of gravity 
are no t m easured, th e  in s tru m e n t being 
designed so as to  be com pletely  irresponsive 
to  these quan tities. I t  h as  long been 
recognized by  p rac tica l g ra v ity  surveying
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experts th a t  th e  cu rv a tu re  m agnitudes 
m easured  w ith  th e  o rd inary  E o tvos to rsion  
balance are n o t often  em ployed, the ir 
com putation  and  in te rp re ta tio n  being possible 
an d  justifiable only in specially  favourab le 
localities. B y ruling these values from  con
sideration. the  design of th e  in stru m en t is 
rendered  m ore efficient an d  its  operation  
simplified, for th e  observations previously 
necessary for th e  de term ination  of th e

p a r t is a  sim ple tr ip o d  s ta n d  surm ounted 
b y  an  o rd inary  tr ib rac h  an d  ro ta t in g  circle 
of s ta n d a rd  th eo d o lite  construc tion . Above 
th is  is th e  balance p roper, com pletely  enclosed 
in a  sim ple cylindrical m etallic  cover. On 
rem oving th is  o u te r cover, th e  internal 
p ro tec ting  cases are revealed. These consist 
of double w alled m etallic  casings, comprising 
th e  beam  box  w ith  rem ovable lids, the 
m irro r box  w ith  rem ovable doors, th e  central

T o r s i o n  b a l a n c e  c o m p a r e d  w i t h  g r a d i o m e t e r .

cu rv a tu re  value are now  elim inated , an d  it  
becom es possible to  ob ta in  th e  “ g rad ien t ” of 
g rav ity  w ith  a  fewer num ber of in stru m en ta l 
settings.

I n s t r u m e n t a l  D e t a i l s .— The in stru m en t, 
w hen closed up  for operation , p resen ts a 
sim ple and  com pact appearance con trasting  
strik ing ly  w ith  th e  com plicated  s tru c tu re  
of th e  o rd inary  to rsion  balance. The lower

C a r r i e d  b y  h a n d . sital
Thi

torsion-w ire tu b e  an d  th e  eccentric tube con
ta in ing  th e  upper rod an d  w eight, which, in 
th is  in strum en t, replaces th e  custom ary  lower 
wire and  w eight. B y  ad o p tin g  th e  system 
of a rigid upper rod  in s tead  of a  flexible 
lower wire to  su p p o rt one of th e  masses on 
th e  beam , space has been econom ized and 
the  v ita l p ro tec tion  of th is  sensitive p a rt of 
the  ap p a ra tu s  from  eddy  cu rren ts  due to



MAY, 1929 275

tem perature fluctuations, has been rendered 
simple and  effective. In  addition , the  balance 
can be m oun ted  in closer p rox im ity  to  the  
grouhd th a n  is possible w ith  th e  s tan d ard  
type, since th e  cen tre  of g rav ity  of th e  
suspended system  is now well above th e  
beam, instead  of abou t a  foot below it, as 
formerly.

The tube enclosing th e  upper-rod  is 
balanced by  a casing contain ing th e  optical

P r o t e c t i n g  h u t .

system, which is considerably reduced in 
extent and  simplified in arrangem ent w ith 
out sensible reduction  in efficiency. On 
opening up  the  boxes, th e  suspended system  
is seen to  consist of a circular beam , carrying 
a num ber of lower masses, and  supporting  
the upper rod w hich carries th e  rem aining 
mass a t a heigh t of ab o u t 45 cm. above the 
beam. The rad ia l d istance of each m ass 
from the centre of th e  beam  is less th an  one 
quarter of th a t  of th e  s tan d ard  E otvos 
torsion balance, and  to  com pensate for th is  
reduction in  dim ensions, a specially sensitive 
wire is em ployed, having a  torsion coefficient 
less th a n  0'1 C.G.S. un it. Im p o rtan t 
consequences of th e  reduction  of th e  la tera l 
dimensions of th e  beam  system  are th e  gain 
in sym m etry  and  com pactness, and  the  
great increase in  speed of operation. The

beam  is fitted  w ith  a special dam ping device, 
w hich brings it to  rest in ab o u t 20 to  25 
m inutes, a fte r each change of azim uth .

G e n e r a l  A r r a n g e m e n t .— In its new 
form  th e  in strum en t consists of a single 
beam  of an  en tirely  new design so arranged 
as to  elim inate th e  cu rv a tu re  effects com 
pletely  and  to  give th e  g rav ita tio n a l grad ien t 
a t any  s ta tio n  from  observations in 3 azi
m uths, instead  of 5 azim uths, w hich were 
previously necessary w ith  th e  single beam  
instrum ent. I t  has been shown theoretically  
th a t  th is  desired arrangem ent can be 
ob ta ined  by  an y  design of beam  system  in 
w hich th e  m asses are so arranged  th a t  th e
I (a2-b2)dm  is always equal to  zero. A

num ber of experim ental beam s satisfying 
these conditions have been tried , including 
beam s having  2 masses, 3 m asses, and  4 
masses, so disposed as to  m ake th e  above 
in tegral alw ays equal to  zero, b u t th e  beam  
system  fitted  w ith  3 m asses has so far proved

M e t a l  p r o t e c t i n g  h u t .

the  sim plest and  m ost acceptable a rran g e
m ent in practice.

W ith  such a beam  system  th e  grad ien t 
a t any  s ta tio n  can be ob ta ined  from  th ree  
readings taken  in azim uths 120° apart, 
b u t in p ractice it is usually  desirable to  repea t 
one or m ore of these observations so th a t  
four or som etim es five readings are usually  
taken  a t  any  sta tion . In  cases w here



276 T H E  M IN IN G  M AGAZINE

rap id ity  of operation  is of suprem e im portance 
an  in stru m en t hav ing  tw o beam s set w ith  
th e ir  principal axes a t  righ t angles to  each 
o ther m ay  be em ployed. In  th is  case each 
of th e  beam s gives th e  g rad ien t com ponent 
in  one of tw o perpend icu lar directions and  
these values are ob ta ined  theore tically  
from  observations in tw o azim uth  se ttings of 
th e  in strum en t p laced  180° ap a rt. In  
p ractice rep ea t observations are  necessary, 
although  in  th is  case one rep e titio n  will 
usually  suffice m ak ing  a  to ta l of th ree  
observations.

T h e  S u s p e n d e d  S y s t e m .— The suspended 
system  in  th is  in stru m en t consists essentially

S h o w i n g  s o f t  n a t u r e  o f  t e r r a i n .

of a  num ber of m asses arranged  in  p lan  a t 
th e  apices of an  equ ila tera l polygon, th e  
sim plest case being th a t  of th ree  m asses 
s itu a ted  a t th e  apices of a  triang le. Two 
of these m asses are  m oun ted  d irec tly  on 
th e  beam  b u t th e  th ird  m ass in stead  of 
being suspended below th e  beam  b y  m eans of 
a  flexible w ire as in th e  s ta n d a rd  ty p e  of 
torsion balance is m oun ted  well above th e  
beam  by  a rigid y e t ligh t supporting  rod 
projecting  vertically  from  th e  beam . The 
beam  th u s  assum es an  L  shape or a  Y shape 
according to  w hether th e  elevation  or p lan  
view is considered. As a  resu lt of th is  m odifi
cation , it is possible to  reduce th e  v ertica l 
dim ension of th e  suspension w ire an d  beam  
system  to  one-half of its  previous value, 
w ith  a  consequent gain  in com pactness.

The cen tre  of g rav ity  of th e  m ass system  is 
now located  a t  a  considerable d istance above 
th e  beam , in stead  of well below  it  as in 
previous m odels, so th a t  th e  instrument 
m ay  be opera ted  n earer to  th e  ground, with
ou t increasing th e  errors due to  te rra in  and 
topographical effects. T he overall height 
of th e  in s tru m en t is th u s  reduced from 
6 ft. 3 in. to  ap p ro x im ate ly  4 ft. w ith con
sequent gain in rig id ity , lightness and 
po rtab ility .

In  th e  no rm al to rsion  balance th e  masses 
are carried  a t  a  d istance of 20 cms. from the 
axis of suspension b u t in th e  g rav ity  gradio- 
m eter th is  d istance (usually  called I) has 
been reduced  to  less th a n  one-fourth  of this 
value, as a  resu lt of w hich ce rta in  important 
advan tages are ob ta ined . F irs tly  there is 
a  g rea t increase in  th e  speed of operation 
due to  th e  reduction  of th e  free period 
of swing of th e  suspended system  in the 
ra tio  of th e  square roo ts of these distances. 
On th is  account th e  beam  can be brought to 
rest in a  shorter tim e th a n  is possible with 
th e  large in stru m en t, a n d  th e re  is likely 
to  be less d istu rb ing  effect from  the  varia
tion  of tem p era tu re , in  th e  short interval 
betw een observations. F u rtherm ore there 
is considerable gain in sim plicity  and sym
m e try  of construc tion  of th e  instrument, 
which th u s  lends itself to  easier and more 
ad eq u ate  p ro tec tion  aga inst rad ia tion  effects, 
te m p era tu re  effects, and  o ther disturbing 
influences. T h e  d iam eter of the outer 
p ro tec tin g  cover h as  been reduced to  7 in. 
and  although  th e  lower portion  of the 
ap p a ra tu s  has a  w id th  som ew hat greater 
th a n  th is , th e  in s tru m en t has now been 
reduced  to  a  very  convenient and  handy 
size.

The in stru m en t is ex trem ely  robust, and 
capable of stan d in g  up  to  any  ordinary 
tre a tm e n t in th e  field, while th e  weight of 
th e  whole in stru m en t, com plete w ith base 
and  trip o d  is less th a n  100 lb. The balance 
proper, w ith  base an d  trib rach , is quickly 
detached  from  th e  tr ip o d  and , as it  weighs 
only 65 lb ., can be tran sp o rte d  conveniently 
b y  one m an, w ith o u t undue effort, for short 
shifts. F o r shifts longer th a n  a  few hundred 
yards, a  sim ple form  of tran sp o rt is desirable.

W hen p roperly  dam ped, th e  suspended 
system  is found to  com e to  res t in  about 
20 m inu tes so th a t  i t  is possible to  take 
readings a t  in te rva ls of 25 m inutes, while 
w ith  a slightly  decreased sensitiv ity  it is 
possible to  reduce th e  observa tion  interval 
to  20 m inutes. Three readings are  essential
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with the single beam  in strum en t to  com plete 
a station, b u t i t  is alw ays preferable to  take  
four or even som etim es five readings. In  
general five se ttings are am ple, so th a t  a 
total working tim e of abou t 2 hours should 
suffice per sta tion . Allowing 15 m inutes 
for changing s ta tions, it is th u s  usual to  
complete a  s ta tion  in well under 2 \  hours ; 
when four se ttings prove sufficient i t  is 
possible to  reduce th is tim e to  2 hours.

The beam  system  is p ro tec ted  from  
extraneous d istu rbances by  a three-w alled 
metal enclosure, while if it is desired, a  
supplem entary ou ter jacke t of in su la ting  
material, can be easily fitted. A dditional 
protection is p rovided  b y  a  com pact and 
efficient h u t w hich has been specially 
designed for use w ith  th e  in strum en t, 
to protect i t  from  solar rad ia tion , w ind, etc. 
This hu t is ju s t sufficiently large to  perm it 
the observer to  m ove around  th e  in stru m en t 
and to  take  v isual observations from  the  
inside, while i t  can be d ism antled  or re
assembled in under 2 m inutes. A still sm aller 
hut is also available w hich closely surrounds 
the instrum ent and  perm its observations to  
be taken from  th e  ex terior, th rough  a  window 
in the roof of th e  hu t. This h u t is very  
light and convenient, as it weighs only abou t 
90 lb. and can be read ily  tran sp o rted .

So far th e  in stru m en t has only  been 
designed for v isual observation , for, now th a t  
the period of observation  has been so g rea tly  
reduced, it is doub tfu l w hether m uch 
advantage w ould be gained by  fitting  up  the  
instrum ent for au tom atic  ro ta tio n  and  
photographic recording, b u t should th is  be 
required, there  will be little  difficulty in 
doing so. O bservations can be tak en  by 
day and n ight, and  no difficulty has been 
experienced in  tak ing  observations on a 
normal sum m er day.

As its m ore m assive portions are near 
the base, th e  in stru m en t is ex trem ely  s tab le  ; 
the reading rem ains p articu la rly  steady  
during observation, and  only on v ery  excep
tional occasions does any  v ib ration  occur, 
while the risk  of d istu rbance of th e  suspended 
system due to  th e  approach  of th e  observer 
or passing vehicles is reduced to  a m inim um . 
The suspended beam  is also so closely 
confined w ith in  its  cham ber th a t  risk  of 
breakage of th e  to rsion  wire is very  small, 
and the  in s tru m en t will s tan d  up  to  heavy  
usage w ith o u t dam age.

On account of its  sm all size and  its  rap id  
speed of operation  th e  grad iom eter is 
adm irably  ad ap ted  for use in confined spaces
5-

such as underground  m ine galleries which 
have h ith e rto  been regarded  as unsu itab le  
on accoun t of the ir inaccessibility, or in places 
which are only accessible for short periods, 
such as tid a l areas. In  fac t th e  in strum en t 
can be tran sp o rte d  and  used w herever a  
norm al precise theodolite  could be used.

One of th e  m ost im p o rta n t fea tu res of the  
in stru m en t is th e  to rsion  wire, w hich is of 
special form , and  a lthough  it  has a  tensile 
stren g th  a t  least equal to  th a t  of w ires used 
in th e  s ta n d a rd  form  of torsion balance, 
it  is app rox im ate ly  10 tim es as sensitive to  
torsional forces. I t  is p repared  by  tak ing  
a wire O'04 m m . d iam eter an d  rolling it  in to  
th e  form  of a  ribbon, a  process which 
increases th e  to rsional sensitiv ity  very  
greatly , while th e  tensile s tren g th  rem ains 
unchanged. The p rep ara tio n  of these wires 
requires g rea t care, an d  only a  sm all per
centage of those w hich are p repared  are 
even tua lly  found to  be suitab le for use in  the  
in strum en t, afte r th ey  have passed th rough  
th e  process of “ ageing.”

D a m p in g  a n d  A r r e s t in g  D e v ic e s .— In  
order th a t  th e  beam , w hen d istu rbed  b y  a 
change of azim uth , m ay  be b rough t to  rest 
w ith in  th e  requisite  period of 20 or 25 
m inutes, i t  m u st be strong ly  dam ped—• 
alm ost to  th e  critica l po in t— w hen the  
oscillations becom e nearly  aperiodic. To 
effect th is  dam ping, a  special form  of a d ju s t
able dam ping has been in troduced  which 
has proved en tire ly  satisfactory . W ith  th is  
new arrangem ent adequate  dam ping is 
ob ta ined  w ith  am ple clearance betw een th e  
beam  and  th e  surrounding walls, while even 
th e  m inim um  am oun t of dam ping available 
suffices to  bring  the  beam  to  rest in 30 
m inutes, so th a t  no great skill on th e  p a r t of 
th e  observer is necessary to  m ake the  
necessary ad ju stm en t to  ensure efficient 
dam ping w ith  absolute freedom  from  risk 
of con tac t during the  oscillations. The 
dam ping is rendered ad justab le  by  the  
m ovem ent of th e  base of th e  beam  box 
which m ay  be raised  or lowered by  an 
elevating  screw, th e  graduations of which 
correspond to  a  change of elevation of the  
p la tfo rm  of one-thousand th  of an  inch. This 
p la tfo rm  m ay  be raised  sufficiently to  come 
in to  con tac t w ith  th e  undersurface of the  
beam  an d  so ta k e  th e  load  from  th e  torsion 
wire, while a  fu rth e r elevation serves to  
clam p th e  beam  up  aga inst th e  roof of th e  
beam  box so th a t  i t  is held  rigidly in  position 
and  m ay  be tran sp o rted  w ith  safety. An 
add itional arresting  device is f itted  a t  th e
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upper end of the  tu b e  surrounding  th e  upper 
m ass. B y  a  half ro ta tio n  of th e  cap of th is  
tube (which m ay  be opera ted  from  th e  outside 
of th e  in strum en t cover) a  clam p is b rough t 
in to  action, locking th e  upper m ass in 
position, and  th u s  p ro tec ting  it  from  dam age 
or d isturbance due to  v ib rations experienced 
during tran sp o rt. Special stops are  p rovided 
to  restric t th e  am plitude of swing of th e  
beam  system  to a  su itab le am oun t, th u s  
assisting th e  beam  to  come to  rest a t  th e  
earliest possible m om ent. The leng th  of 
th e  torsion wire is ab o u t 30 cms. so th a t  
th e  torsion tu b e  and  th e  tu b e  surrounding  
th e  upper w eight are of app rox im ate ly  
the  sam e leng th  th u s  giving a  reasonably  
com pact design. W ith  a  torsion w ire of 
th is  leng th  th e  sensitiv ity  of th e  in stru m en t 
to  g rav ita tio n a l g rad ien ts is som ew hat 
g rea ter th a n  one-half of th a t  of th e  s ta n d a rd  
ty p e  of in strum en t, a  sensitiv ity  w hich is 
regarded as adequate  for all p rac tica l purposes 
and  enables g rad ien t determ inations to  be 
m ade w ith  an accuracy  n o t less th a n  th a t  
w ith  w hich th e  te rra in  and  o ther corrections 
can be calcu lated  in practice.

F ie l d  W o r k  w it h  t h e  G r a d io m e t e r .—  
T he area  selected for th e  first field te s ts  
w ith  th is  in s tru m en t was a  sandy  foreshore, 
which w as to ta lly  subm erged b y  th e  tid e  
tw ice daily, and  m an y  of th e  sta tio n s th a t  
were occupied were only available for a 
few hours betw een tides. H ence only a  
rap id ly  operating  an d  read ily  tran sp o rtab le  
in strum en t could be w orked econom ically 
in th is  region. The n a tu re  of th e  ground  
surface, w hich was ra th e r  clayey sand, 
ha rd  enough in some p a rts , b u t  slim y and  
treacherous in others, prov ided  an  adm irab le  
te s t of th e  s ta b ility  and  rig id ity  of th e  
instrum ent. As a  resu lt of an  ex tensive 
series of te s ts  th e  grad iom eter was p roved  to  
possess s tab ility  to  an  ex ten t w hich we had  
no t an tic ipated , while th e  te s ts  have  also 
dem onstrated  th a t  i t  is a  tho ro u g h ly  ro b u st 
design, requiring  only th e  m in im um  of 
a tten tio n  to  m a in ta in  it  in efficient w orking 
order.

As com pared w ith  th e  s ta n d a rd  E o tvos 
balance, th e  beam  system  is m ore delicate ly  
balanced b u t shows no tendency  to  get ou t 
of ad ju stm en t once it  is p roperly  ad ju sted . 
In  general, during th is  series of te s ts  th e  
operations were conducted  only during  th e  
day-tim e, w hen it was easily possible to  
com plete five or six s ta tio n s per day. In  
one continuous te st, eleven s ta tio n s were 
ac tua lly  occupied and  observed in tw en ty -four

hours, an d  ex tend ing  th e  te s t to  36 hours 
enabled  seventeen s ta tio n s to  be  completed, 
giving an average of a  little  over 2 hours 
per s ta tio n . In  m an y  of th e  slim y and  muddy 
p a r ts  of th e  shore a rea  surveyed , i t  proved 
desirable to  em ploy sm all p ickets to  support 
th e  base on w hich th e  in s tru m en t rests, 
since th e  sand  was, for th e  m ost p a rt, softened 
b y  th e  ad m ix tu re  of clay, g iving a  yielding, 
ra th e r  elastic bed. In  sp ite  of th is  it was 
n o t found necessary  to  ta k e  any  special 
p recau tions to  ensure s ta b ility  of the 
in stru m en t. W hen ta k in g  readings the 
observer m erely  exercised o rd inary  care in 
en tering  th e  p ro tec tin g  h u t and  approaching 
th e  in stru m en t. O ccasionally, in the very 
clayey ground, as also in  a  swam py area 
adjoining, his app roach  w ould set the 
beam  system  quivering  slightly, bu t no 
difficulty w as experienced in reading the 
definite equilib rium  position  of th e  scale, and 
no case w as recorded  of th e  instrument 
m oving ou t of its  level position. Over a test 
survey  of several h u n d red s of stations the 
re liab ility  of th e  balance proved  to be 
ex trem ely  good, and  th e  grad ien ts could 
on th e  average be considered accurate to 
w ith in  1-5 E o tvos un its . Only in  exceptional 
cases d id  th e  probab le erro r exceed 2 Eotvos 
un its .

S u m m a r y  o f  A d v a n t a g e s .— The ad
v an tage  resu lting  from  th e  increased 
p o rtab ility  an d  speed of operation  evident 
by  th e  characteristics of th e  new  instrument 
specified in th e  foregoing review, may be 
sum m arized as follows :— The instrument 
can be em ployed w ith  econom y on any 
survey  w here th e  larger ty p e  of balance is 
used. The new  ty p e  can be used to gain 
rap id ly  a  general idea of th e  d istribution of 
g rav ity  in  th e  whole area  under investiga
tion , w hilst th e  larger ty p e  m ay  be employed 
to  focus upon  selected localities which are 
revealed  b y  th e  reconnaissance w ith the 
sm aller in strum en t. One of th e  chief diffi
culties in torsion balance surveying is the 
detec tion  and  elim ination  of local disturbing 
affects due to  shallow  deposits in the  neigh
bourhood of a s ta tion . The new  balance 
m ay  advan tageously  be used  for th is  purpose. 
In  particu lar, regions characterized  by 
glacial overburdens, h ith e rto  considered an 
insuperable obstacle to  efficient gravity 
surveying, need no longer be regarded in 
th is  light. A close netw ork  of sta tions is 
qu ite  an econom ical p roposition  for an 
instrum ent of th e  new  type , and  b y  averaging 
the  values a t neighbouring  groups of stations
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the irregularities due to  h idden boulders, 
etc., m ay be elim inated . Regions of fairly 
pronounced topograph ical relief are no 
longer barred  to  g rav ity  surveying, since 
the effect of neighbouring topog raphy  on 
gravity grad ien ts is rare ly  excessive and  as 
an extra p recau tion , th e  num ber of sta tions 
can be increased in difficult areas. The new 
balance can be em ployed in sites w here for 
any reason th e  tim e or space available is

lim ited , for exam ple in  m ine galleries 
w here in te rrup tion  of th e  norm al working 
rou tine is undesirable for any  g rea t length  
of tim e, and  space is lim ited. A nother 
instance is a  region which is covered b y  th e  
tide  for m any  hours of each day. An in s tru 
m en t of th e  new design has ac tua lly  been 
em ployed on sites which were only uncovered 
by  th e  tid e  for some tw o an d  a  half to  th ree  
hours per tide.

KILLIFRETH MINE, CORNWALL
By E R N E S T  R. B A W D E N , M.I.Min.E., Assoc. Inst.M.M.

T h e  au th o r  desc rib es  one of the  coun ty  d e re lic ts  w h ich  h e  considers  is w o rth y  of resuscita tion .

K illifreth Mine is s itu a ted  in th e  parish  
of Kenwyn in th e  coun ty  of Cornwall. I t  is 

; 5« :  approxim ately 6 miles west of T ruro  and
lend an: 2 miles east of R ed ru th . I t  is bounded  on the
Mviit® north by G reat W heal B usy Mine, on the
iresceed;: south by  W heal U n ity  W ood Mine, on the

west by the  boundary  betw een th e  parishes 
jlAGESrl °f Gwennap and  K enw yn, and  on th e  east
! tie t it is bounded by  a line passing th rough

rr.; the west end of the  village of Chacew ater.
ienem H istory .—A m ap  d a ted  1828 shows the
>re?ieis area now know n as K illifreth  Mine div ided
-lie ¡Si into smaller areas or tin  bounds. T hey  were

West Good F o rtu n e  Tin Bounds, Good F o rtu n e  
Tin Bounds, Lane Tin Bounds, W ood Tin 
Bounds, W heal F a t  Mine, and  W heal U nion 
Mine. A t some tim e betw een 1828 and  1860 

.T Killifreth Mine was w orked for copper b u t
1 L  apparently did n o t develop in to  m uch of a
"; .7 copper producing property . In  1864 it was

... re-opened by  a  Cost B ook com pany, who,
according to  J . H . Collins m ined ore from  
which 4,060 tons of b lack tin  were sold for 
over ¿190,000, besides th e  ores of copper and  
arsenic. This com pany m ined and  m illed 
ore having a general average assay value of 
47 lb. of b lack tin  to  th e  ton . E xcep ting  
one q u a rte r’s crushing of a  grade of 30 lb. 
of black tin  to  th e  ton , w hich was th e  lowest 
grade ever m ined or crushed in  its  h istory , 
the lowest m on th ly  average was 38 lb., the  
highest m on th ly  average being 56 lb. D uring 
the la st six m on ths th is  C om pany w orked 
the mine, th e  average grade of ore sent to  
the mill assayed 42 lb. of b lack tin  to  the

ton. I t  is of in te rest to  observe th a t  during 
these la st few m onths of w orking some rich 
p illars were m ined. [On opening th e  m ine 
in 1918 th e  au th o r found th e  grade of ore 
to  be 39 lb., th is  being th e  average value 
of th e  ore sent to  th e  mill a t  th a t  tim e.] 
This m ine h ad  to  be abandoned  in 1897 
as a consequence p a rtly  of a  policy of 
extensive developm ent which proved beyond 
th e  financial resources of th e  adventurers, 
and  p a rtly  because of th e  failure to  m ake a 
sa tisfactory  conversion of th e  undertak ing  
in to  a lim ited  liab ility  com pany.

In  October, 1912, a com pany w as registered 
having a cap ita l of ¿ 100,000, of th is  am ount 
¿60,000 was paid  in shares as purchase 
consideration leaving ¿40,000 as w orking 
capital. On th e  o u tb reak  of th e  G reat W ar 
m ining operations were suspended u n til 
O ctober, 1918, w hen pum ping operations 
were resum ed. The m ine was th en  drained 
to  the  70 fm. level and  closely sam pled. 
T he old stope faces as left by  th e  form er 
proprie tors in 1897 were re-worked, 3,000 
tons of ore were ho isted  b y  a  sm all im provised 
ho ist and  sent to  th e  mill, w hich gave a 
m illing resu lt of 39 lb. of b lack tin  to  th e  
ton. No ore w as m ined a t th is  tim e below 
th e  40 fm. level for th e  reason th a t  the  
m ain  ho ist was n o t in  commission to  deal 
w ith  it. Tow ards th e  end of 1920 th e  price 
of tin  h ad  fallen considerably, while th e  price 
of arsenic had  risen very  high indeed. I t  was 
decided therefore to  acquire th e  G reat 
W heal B usy Mine and  to  w ork it  for arsenic.
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Pum ping  operations on K illifreth  were 
accordingly suspended an d  all fu tu re  efforts 
were concen tra ted  on th e  p roduction  of 
arsenic from  G reat W heal B usy Mine and  
th e  cap ita l of th e  Com pany w as increased 
to  deal w ith  th is  added  area.

O r e  B e a r in g  Z o n e .— The geological 
form ation is com posed of sed im en tary  rocks 
belonging to  th e  F a lm ou th  and  My lor Series. 
These overlie th e  g ran ite  w hich in  th e  
w estern  p a r t of K illifreth  lies a t  a  d ep th  of 
approx im ate ly  1,200 ft. from  surface. The 
junction  of th e  sed im en tary  series and  th e  
g ran ite  has been observed in  T ing Tang, 
E a s t W heal D am sel, W heal Jewell, W heal 
U n ity  W ood, Poldice and  T reskerby  Mines. 
In  K illifreth  a t  th e  40 fm. level w est of th e  
Middle lode there  is unm istakeable evidence

w orked some of th e  richest deposits in 
Cornwall. In  all th e  m ines of th e  locality 
th e  ore deposits occur a t  an d  above the 
junc tion  of th e  g ran ite  w ith  th e  M ylor series. 
T his junc tion  is deeper tow ards th e  east than 
i t  is in th e  w estern  p a r ts  of th e  m ines, which 
explains w hy, Poldice, W est Poldice, Con
so lidated  and  U n ited  Mines are worked 
deeper tow ards th e ir  cen tre  an d  eastern  ends.

F o u r m ain  lodes trav e rse  th e  property. 
T hey  are Main or N o rth  lode, W heal Vor 
lode, M iddle lode, an d  th e  S ou th  lode. There 
are tw o cross-courses hav ing  a  northerly 
d irection  an d  a  d ip  east of 80 degrees. 
Most of th e  cross-courses an d  flucans in the 
d is tric t dip east. These cross-courses heave 
th e  lodes a  d istance of from  one to  twelve 
feet. In  K illifreth  th e y  heave th e  lodes to

R o u g h  t r a n s v e r s e  s e c t i o n  t h r o u g h  R i c h a r d s  (n o w  H a w k e s ) a n d  T r e f u s i s  S h a f t s .

of th e  p rox im ity  of th e  gran ite . This fo rm a
tion  is traversed  by  felspar p o rp h y ry  dykes 
(locally te rm ed  “ elvans” ) w hich, to g e th er 
w ith  th e  cross-courses are n early  alw ays 
associated w ith  th e  deposition  of cassiterite  
in enriched zones along th e  co n tac t of th e  
tin  lodes and  cross-courses. This applies 
also to  copper. I t  has been observed  in the  
d istric t under consideration  th a t  w ith o u t the  
accom panying elvans an d  cross-courses th e  
lodes are n o t as p roductive. Also, if a  lode 
passes th rough  th e  elvan in th e  d irection  of 
its  dip th e  under po rtion  of th e  lode has 
seldom  been profitable. I t  will be seen th a t 
K illifreth  is s itu a te d  in a  m etam orphic 
aureole in  w hich have been discovered and

th e  left. The cross-courses are composed 
of s la tey  clay  and  g ranu lar q u artz  ; some
tim es th ey  con tain  sm all quantities of 
m inerals no t com m on to  th e  d istric t. The 
au th o r has ob ta ined  specim ens of cobaltine 
from  th e  m ain  cross-course a t  th e  ad it level 
on th e  Middle lode. The w alls of the  cross
courses exhibit th e  usual evidence of move
m ent. There are tw o elvans know n respec
tive ly  as th e  N orth  an d  S outh  elvan. They 
have a  strike of n early  due east and  west, 
they  dip n o rth  a t  an  angle of 40 to  50°. 
On the  surface and  in H iggins crosscut the 
outcrops of these elvans have  in places 
decom posed in to  a  good fireclay. Other 
elvans in th e  neighbourhood have  similarly
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decomposed an d  have  been q u arried  for 
fireclay, while o thers have in places been 
worked for road  m etal.

N o r t h  o r  M a in  L o d e .— T his is th e  m ost 
im portant lode traversing  th e  property . 
I t has a strike of 77° north -w est and  dips 
north a t an angle of 50°. I t  has been w orked 
extensively from  th e  a d it to  th e  70 fm. 
level, and below th e  70 fm. level to  th e  90 fm. 
level on the  ore course a t  H aw kes shaft. 
Three m ain productive courses of ore have 
been discovered and  w orked. The first and  
most w esterly is th a t  a t H aw kes shaft, which

tion  of the  m iners’ d ic tum  “ ore against 
o re.” The old pum ping p lan t on th e  
engine shaft was n o t equal to  its  task . 
H aw kes pum ping p lan t could no t deal w ith  
th e  w ate r below th e  70 fm. level on th is  lode, 
though  it could do so on th e  90 fm. level 
Middle lode. Therefore th e  b o ttom  levels 
on th e  M ain lode were under w ater which 
p reven ted  w orking th e  ore courses in th e  
b o ttom  levels and  also fu rthe r sinking. The 
Com pany were crosscu tting  tow ards th e  lode 
a t  th e  100 fm. level crosscut w ith  th e  ob ject 
of d rain ing  th e  w a te r v ia  H aw kes shaft and

Taras She
H e a d g e a r , p u m p i n g  e n g i n e , a n d  w i n d e r  a t  H a w k e s  s h a f t  a s  a t  p r e s e n t .
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is the resulting enrichm ent a t th e  po in t of 
intersection of th e  lode by  th e  m ain  cross
course. The m iddle course of ore is around 
the junction  of th e  lode w ith  W heal Vor lode. 
The th ird  and  m ost easterly  course of ore 
is a t Tregonings shaft and  is th e  enrichm ent 
resulting from  th e  junc tion  of th e  lode w ith  
what the  au th o r considers is th e  Middle lode. 
E ast in virgin ground a  cross-course is known 
to exist, w hich in G reat W heal B usy and 
Creegbrawse Mines favourab ly  influenced 
the lodes. I t  is an  in te resting  speculation 
as to  w hether it favourab ly  affects the  Killi- 
freth lodes and  th u s  afford ano ther illustra-

also to  w ork th e  ground  already  blocked 
out. The failure to  do th is  proved in  tim e 
a con tribu to ry  cause of the  C om pany’s 
failure.

M id d l e  L o d e .—This lode is south  of the  
N orth  lode. I t  strikes 77° N .E . and  dips 
N. 33°. I t  has n o t been w orked east of the  
m ain cross-course. Insufficient crosscutting  
has been done to  locate i t  eastw ards of th is  
fau lt, betw een which and  Tregonings shaft 
there is a  leng th  of unexplored  ground which 
deserves fu rthe r prospecting  a t  or above th e  
ad it level, in case it  cannot be carried  ou t a t  
a deeper level. A t th e  70 fm. level th e  drive
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w est has entered  th e  elvan ; b y  continuing 
the  drive th e  lode w ill again  be p icked  up. 
The lode a t th e  50 fm. level in  th e  v ic in ity  
of the  Skip shaft has been d istu rbed  and  
split by the elvans. B u t w estw ard  i t  form s 
again and  th e  level has for a  considerable 
distance been driven on a  s trong  lode 
carrying very  good values. A t th e  30 and  
40 fm. levels and  in th e  ex trem e w est of th e  
m ine the  lode has en tered  a  greenstone. 
On passing in to  th e  greenstone th e  lode 
shows a tendency to  b reak  up  in to  num erous 
stringers of pure cassiterite . The well- 
defined character of th e  lodes and  walls 
disappears. The n a tu re  of th e  occurrence

of th e  cassiterite  is such th a t  on m ining the 
soft tin s tone  b reaks down in to  fines enabling 
th e  larger an d  h arder portions of waste to  be 
separa ted  and  packed in to  stulls. The present 
face of th e  40 level is w ith in  200 or 300 ft. 
of th e  w estern boundary . The lode should 
form  a  junc tion  w ith  th e  M ain lode in depth 
a t  a  po in t 90 fm. below th e  p resen t bottom  
of H aw kes shaft. I t  has been w orked exten
sively w estw ard on th e  20, 30, 40, and  50 
fm. levels. F or a  d istance of 600 ft. west 
from  th e  m ain  cross-course, th e  cassiterite 
is no t associated w ith  w olfram , beyond  this 
po in t wolfram  m akes its  appearance in appreci
able quan tities. M olybdenite occurs as a
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mineralogical specim en, b u t n o t in  sufficient 
quantities to  regard  it  as of com m ercial 
value. The lode w hich varies in extrem e 
cases from 1 to  12 ft. wide, b u t norm ally  
is about 4 to  5 ft. wide, exh ib its very  erra tic  
values. One pillar left in position by  the

form er proprie tors assayed 1,080 lb. of S n 0 2 
to  the  to n  ; n a tu ra lly  th ey  le ft a  very  sm all 
pillar. A nother p illar assayed 39 lb. to  the 
ton . T he accom panying tab le  giving p a r
ticu lars of sam pling serves to  illu stra te  th e  
p a tch y  n a tu re  of th e  lode.

L o n g i t u d i n a l  s e c t i o n  N o r t h  l o d e .
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Location. W idth. Value.
lb. S n 0 2 

ft. in. per ton .
40 fm . Level West.

45 ft. w est of No. 9 rise 2 6 79
48 ,, ,, , 2 0 77
51 ,, ,, , 2 0 28
54 ,, ,, , 2 0 21
57 ,, ,, , 3 3 114
60 ,, .. > 2 0 56
63 ,, ,, , 2 0 224
66 ,, ,, , ■ 2 6 84
69 ,, ,, , 2 0 420
72 2 0 152
75 4 0 88
80 R ecord  missing.

3 6 64
100 4 0 23
103 3 0 16

20 fm . Level West.
7 ft. w est of rise. 3 0 7

10 3 0 14
13 ,, ,, 3 0 2
16 3 0 2
19 3 0 7
22 2 6 Trace.

50 fm . Level West.
Samples taken  a t 3 ft. in tervals.

3 6 47
3 6 56
3 6 60
4 0 132
4 0 33
4 0 18
4 0 28
4 0 20
4 0 49
4 0 42

30 fm . Level east o f S k ip
shaft. No. 1 W inze 6 6|

3 ft. down 1 0 42
6 „ „ 1 0 1021
9 ,, ,, 1 0 98

12 „ „ 1 6 182
15 „ „ 1 6 107
18 „ „ 1 3 9

A d it level crosscut.
0 ft. 4 6 10
5 ,, E ast 4 0 23

10 „ „ 2 0 5
15 „ „ 1 0 3
20 „ „ 2 0 3
25 „ „ 1 6 5

5 „ W est 1 0 30
10 „ „ 2 6 5

The lode in places h ad  to  be w orked on the
tr ib u te  system . One p articu la r case m ay  be

cited  as an  illu stra tion . E ig h t m en were put 
stoping betw een th e  30 a n d  40 fm. levels 
on co n trac t, th e  average of th e  ore broken 
b y  them  assay ing  9 lb. S n 0 2 per ton, and 
no foot or hanging  w all rock  w as mined. It 
was decided to  le t th e  stope on tribu te  to 
th e  m en, pay ing  a  s ta n d a rd  price of £85 per 
ton  for b lack  tin , an d  a tr ib u te  of 10s. in the 
£, o u t of w hich th e  m en p a id  th e  cost of 
m ateria ls. U nder th is  system  th e  ground 
produced  from  2|- to  3 to n s of black tin 
every  four w e e k s ; by  an y  o th er system  this 
p a rticu la r stope could n o t be m ined profitably. 
The tr ib u to rs  m ined  th e  w aste first, leaving 
th e  richer po rtion  stan d in g  which was 
subsequen tly  broken  dow n very  carefully 
on bags, w hich h ad  been previously  laid on 
th e  floor. D iscontinuous as the  lode 
un doub ted ly  is, these sm all patches occur 
w ith  sufficient reg u la rity  to  enable a fairly 
un iform  grade of ore to  be m ined  and  milled. 
T he old Cost B ook com pany  usually  mined
7,000 tons per q u a rte r, th e ir  working costs 
being in  th e  neighbourhood  of 13s. per ton, 
which costs include every  conceivable item. 
In  la tte r  years th e  whole of th e  production 
cam e from  th e  M iddle lode.

S o u t h  L o d e .— This lode is south  of the 
M iddle lode and  a t  th e  a d it is d istan t 140 
ft. A good deal of stop ing  has been done 
around  th e  a d it b y  th e  earliest m iners. The 
lode is ab o u t 4 to  6 ft. wide, an d  easily mined. 
I ts  value is low, runn ing  ab o u t 7 to  14 lb. of 
tin  to  th e  ton . T his lode has n o t been tested 
b y  crosscuts from  th e  levels below  th e  50 fm.

H a w k e s  s h a f t , a l s o  k n o w n  a s  R ich a rd s  
s h a f t .— H aw kes shaft is th e  m ain  shaft of the 
property . I t  is 12 ft. by  6 ft. 6 in. within 
tim bers. I t  is v ertica l to  th e  100 fm. level 
below  ad it. I t  was originally  a  compound 
shaft following th e  d ip  of th e  lode from the 
20 fm. level a t  w hich d ep th  th e  shaft inter
sected  th e  lode. The shaft is equipped 
w ith  an  18 in. d iam eter Cornish pum p having 
one pole set a t  th e  ad it and  ano ther 50 fm. 
below th e  ad it. The b u ck e t lift which drained 
th e  m ine to  th e  70 w as w ithdraw n when 
pum ping  ceased. T his pum p  is driven by 
an  80 in. Cornish pum ping  engine having 
a  10 ft. s troke in  th e  cy linder and  a  9 ft. 
stroke in the  shaft. I t  is capable of dealing 
w ith  750 gallons of w ate r per m inute, easily 
and  cheaply. The com ing w ate r in the  mine 
is approx im ate ly  350 gallons per minute. 
The vertical sha ft is connected  to  th e  Main 
lode a t the  ad it, 20 an d  70 fm. levels, and 
to  th e  Middle lode w orkings on th e  70 and 90 
fm. levels by  m eans of crosscuts. The incline
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ADIT WHICH DRAINS TH E LODES SOUTH OF AND INCLU DIN G  TH E M ID D L E  LODE TO A D EPTH  OF 
APPROXIMATELY 3 6  FATHOMS FROM SURFACE, ACCORDING TO TH E CONFIGURATION OF TH E COUNTRY.

portion is connected to  all levels on th e  Main 
lode and to  th e  Middle lode by  th e  50 and  70 
fm. level crosscuts.

The bo tto m  crosscut (N) to  th e  Main lode 
has no t been driven th e  necessary distance 
to  effect com m unication betw een the  vertical

W E S T E A S T

L o n g i t u d i n a l  s e c t i o n  M i d d l e  l o d e .
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shaft and  lower w orkings. All stopes on th e  
Main lode down to  th e  70 fm. level are filled 
w ith  w aste rock, an d  th e  levels are narrow , 
to rtuous, and  low, being qu ite  u n su ited  for 
truck ing  purposes, and  hav ing  no doub t 
been driven w hen w heelbarrows were in vogue. 
The engine shaft is a com pound shaft bad ly  
ou t of line and  useless for hoisting  purposes 
in  its  p resen t sta te . T regonings is a  good 
b u t sm all shaft.

On the  Middle lode th e  stopes are open and  
the  levels are in good condition su itab le  for 
m odern requirem ents. The Skip shaft is a 
com pound shaft, fau lty  in alignm ent, and  
p artia lly  caved, i t  canno t again be used as a  
shaft beyond th e  a d it level. F oo tw ay  shaft 
is a  com pound shaft to  th e  30 fm. level on th e  
S outh  lode, and  com m unicated  to  th e  Middle 
lode by  m eans of a  crosscut. T his sh a ft is 
su itable as a  footw ay b u t n o t for hoisting.

S itua ted  betw een G reat W heal B usy  Mine 
w hich has been w orked to  a  d ep th  of 1,320 ft. 
below ad it (adit being 240 ft. from  surface)

and  Poldice w orked  to  a  d ep th  of 1,260 ft. 
below ad it, K illifre th ’s deepest workings of 
600 ft. below  a d it seem shallow  in com
parison. The g rea ter p a r t of th is  area is 
undeveloped  as m ay  be seen b y  th e  accom
pany ing  plans. U p to  th e  tim e of writing 
no level has been d riven  to  b o u n d ary  on any 
of th e  lodes. W illiam s lode in  U n ity  Wood 
Mine dips in to  K illifreth  a t  a  shallow depth. 
The U n ity  W ood an d  K illifreth  lodes 
converge eastw ards an d  should  form a 
ju n c tio n  n ear Chacew ater. F o r stretches 
of several th o u sa n d  feet these lodes stand 
in ta c t from  surface, th e y  can easily be 
prospected . The fu tu re  of m ining in this 
d is tric t depends upon th e  d iscovery  of profit
able deposits of tin  in th e  unw orked  ground 
s itu a te d  a t  or n ea r th e  ju n c tio n  of the 
sed im en tary  rocks w ith  th e  g ran ite . Without 
th e  necessity  of pum ping  an y  w ater there are 
several lodes trav e rs in g  th e  area under 
consideration  w hich a t  a  d ep th  of 240 ft. 
can be developed by  levels and  crosscuts.

A REVIEW OF THE CONTINENTAL DRIFT 
HYPOTHESIS

By A R T H U R  H O L M E S, D.Sc., A .R .C .S ., F.G.S. 
Professor of Geology, The University, Durham.

T h e  a u th o r  d iscusses th e  W e g e n e r  h y p o th e se s  a n d  som e po ssib le  causes  o f con tinen ta l drift.

(Continued from  A p r il issue, page 209)

I t  m ay  be ob jected  th a t  in  th e  n o r th  
the  H ercynian  tin  ores of Cornw all are no t 
repeated  in  th e  A ppalach ians. B u t here a 
little  reflection shows th a t  th e  ap p a ren t 
exception  is h a rd ly  one for surprise. The 
Caledonian ranges are  everyw here p rac tica lly  
devoid of tin , an d  if th e  earlier Palaeozoic 
m agm atic a c tiv ity  failed  to  co n cen tra te  th e  
elem ent, th en  a  la te r  H ercyn ian  rew orking 
of the  sam e be lt could h a rd ly  be m ore 
successful. T in  occurs in  E u rope  w here th e  
H ercynian  ranges s ta n d  alone, b u t as soon 
as the  older m oun ta ins are crossed it  is found 
no more. The case of p itchb lende p rovides 
a  con trasted  exam ple. T he H ercyn ian  
pitchblendes of Jo a ch im sta l a n d  St. Ives 
are m irrored across th e  A tlan tic  by  th e  
uran in ites of C onnecticut an d  th e  Carolinas. 
B ut the  u ran in ites of C onnecticu t are oi tw o 
different ages, one corresponding  to  th e  
H ercynian  of Cornwall an d  th e  o ther to  an  
earlier, p robab ly  Lower D evonian , period  of 
ore-genesis.

W here ranges approach  an d  cross, i t  is

no t to  be expected  th a t  th e  la te r  tectonic 
s tru c tu re s  an d  m agm atic  accompaniments 
will be ex ac tly  of th e  sam e age, type or 
com position  as those found  well away from 
th e  earlier site  of orogenesis. Moreover, 
th e  earlier s tru c tu re s  w ill necessarily be 
strong ly  m odified by  th e  passage across 
th em  of a  second e a r th  storm . These 
reflections are occasioned by  Krenkel’s 
recen t dec la ra tion  th a t  th e  m oun ta in  systems 
of S ou th  A m erica and  S outh  Africa differ 
b o th  in  tecton ic  arran g em en t an d  age (9 ). 

The d e ta iled  rep ly  to  th is  criticism  m ay safely 
be le ft to  du  T oit, b u t i t  m ay  be pointed out 
th a t  for still an o th er reason  th e  criticism 
canno t be fa ta l to  th e  d rift hypothesis, for 
successive stre tches of th e  Alpine-Him alayan 
system  differ in  s tru c tu re  an d  age just as 
w idely and  y e t are v isib ly  continuous.

Am ong rad ioac tive  m inerals possibly the 
m ost significant coincidence of occurrence is 
d isplayed by  th o ria n ite . T he nam e immedi
a te ly  suggests Ceylon, an d  according to 
W egener’s reconstruc tion  of G ondwanaland, fflsour



MAY, 1929 287

Ceylon form erly  la y  to  th e  east of 
Madagascar. T horian ite , as it happens, is 
known to  occur only in Ceylon an d  in one 
other place. T h a t p lace is M adagascar ! If 
Fig. 1 is to  be believed in principle then  
some day th e  m ineral m ay also tu rn  up  in 
Western A ustra lia  an d  A ntarc tica .

Cr u s t a l  St r u c t u r e  a n d  I s o s t a s y .—  
In Professor J . W. G regory’s con tribu tion  
to the Sym posium  (1) he does no t positively 
object to  the  d rift hypothesis, b u t he m ain 
tains his long-held opinion th a t  th e  m ain  
cause of the  presen t d is trib u tio n  of lan d  and  
sea is to  be found in up lifts  an d  subsidences 
due to the  shrinking of th e  ea rth , th e  la tte r  
process being only in  p a r t  a consequence of 
cooling. This is, of course, th e  view of the  
older o rthodox geology, and  it  should  be 
clearly realized th a t  those who ho ld  it  m ust 
be prepared to  face geophysical difficulties 
just as serious as any  w ith  w hich th e  advocates 
of continental d rift can be confronted.

The com parative s tu d y  of seism ogram s, 
and especially th e  o u ts tan d in g  w ork of Dr. 
Harold Jeffreys in  th is  difficult field (10), 
has shown th a t  in  add ition  to  th e  veneer of 
sediments over th e  con tinen ts th e re  are 
three layers to  be considered in  connection 
with the p ropagation  of ea rth q u ak e  w aves 
beneath the  con tinen ts. These are :—

(a) The upper layer, iden tified  w ith  g ran ite  
and gneiss, an d  hav ing  a  norm al th ickness 
of about 10 km .

(b) The intermediate layer, hav ing  a norm al 
thickness of abou t 20 km . or a  lit tle  more. 
Jeffreys cautiously  favours an  identification  
with tachy ly te, a  suggestion w hich I have 
adversely criticised, po in ting  ou t th a t  quartz - 
diorite or d iorite  w ould be equally  consisten t 
with the seismic w ave velocities ( 11 ) .

(c) The lower layer, or substratum, con
tinuing dow nw ards w ith  no im p o rta n t 
break to a  dep th  of 2,900 km . I t  form s 
by far the  g rea ter p a r t  of th e  shell of th e  
earth (surrounding a p robab ly  m etallic core) 
and it is everyw here p resen t b en ea th  the  
higher layers of b o th  co n tin en ta l an d  oceanic 
regions. I ts  n a tu re  is in  doubt. I t  has 
been regarded, b y  different au thors, as 
crystalline or glassy dun ite , or as eclogite 
passing down in to  perido tite . I t  m ay  be 
added th a t  i t  is p robab ly  for th e  m ost p a r t  in 
a glassy s ta te  ; th a t  its  tem p era tu re  is such 
that a lthough  it is rigid, it is devoid of 
perm anent s tren g th  excep t possibly near 
the top  ; an d  th a t  it is and  has been the  
main source of basic and  u ltrabasic  m agm as, 
including th e  p la tea u  basalts.

O bservations on th e  Pacific floor are few, 
b u t th ey  are consisten t w ith  th e  presence of 
an  ou ter layer of gabbro . A recen t analysis 
of d a ta  m ade by  H iller (12) gives for certa in  
surface w aves th e  following v e lo c it ie s : 
3.69 km ./sec. th ro u g h  th e  Pacific floor ; 
2.87 th ro u g h  E u rasia  ; an d  3.58 th ro u g h  
th e  A tlan tic  floor. In  th e  A tla n tic  swell th e  
velocity  is 2.9, b u t elsew here th e  A tlan tic  
floor is clearly  far from  co n tin en ta l. The 
supposedly  sunken lands are n o t th e re , 
excep t for a  th in n ed -o u t layer of sial th a t  
is p robab ly  v ery  variab le  in  th ickness, 
reach ing  its  m axim um  in  th e  cen tra l swell. 
Y et now  th e re  is un d o u b ted ly  ocean floor 
w here once th e re  was land , an d  th e  form er 
sial of th a t  a rea  m ust still ex is t som ewhere.

T he physical conditions th a t  w ould b ring  
th is  p ic tu re  in to  harm ony  w ith  th e  view 
th a t  th e  A tlan tic  has been form ed by  
inbreak ing  in v o lv e : (a) An increase in
density  of the  form er sial from  2.7 to  3 
(in round  figures) in  order th a t  i t  could 
sink  in  accordance w ith  isostasy  ; an d  (b) 
a  change of m ineral facies to  one w hich w ould 
ac t tow ards seism ic w aves n ea rly  as gabbro  
w ould do— these changes n o t affecting 
th e  ad jacen t lands.

W e know  of no k ind  of process, m eta- 
m orphic or otherw ise, th a t  could lead  to  
such resu lts. The alleged ta ch y ly te  layer 
of Jeffreys could do a  good deal in  th is  
direction  by  crysta llizing  in  th e  heavy  
eclogite facies, b u t as th e  seism ic evidence 
for th e  A tlan tic  speaks for th e  presence 
th e re  of a  floor of gabbro, a  so lu tion  on these 
lines appears to  be ru led  ou t. M oreover 
th e  association of island  volcanoes and  p la teau  
basalts  w ith  th e  form ation  of th e  A tlan tic  
an d  In d ian  oceans suggests deep-seated  
conditions of fusion ra th e r  th a n  of crysta lliza
tion.

There is, how ever, one process b y  w hich 
con tinen ta l sinking could be b rough t about. 
This involves rem oval of th e  in te rm ed ia te  
layer and  of m uch of th e  g ran itic  layer by  
m agm atic cu rren ts in itia ted  in  th e  still 
deeper su b stra tu m . A k in d  of m agm atic  
denuda tion  acting  on th e  lower surface of th e  
form er con tinen t is visualized, th e  m ateria l 
being sufficiently fused or o therw ise capable 
of flow to  be tran sp o rte d  p a r tly  u n d e r 
A m erica an d  p a r tly  under E urope or Africa. 
To a  lim ited  degree th is  m ay  be a  genuine 
process, especially in  generating  geosynclines ; 
b u t by  itself, i t  leaves all th e  co lla tera l 
problem s of m ounta in -bu ild ing  and  clim atic 
changes unsolved. M oreover, if it be a  rea l
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m ethod  of sinking form er con tinen ts, th en  
it  im plies a  process capable of s tre tch in g  
an d  tran sp o rtin g  th e  con tinen ts them selves. 
V an der G rach t’(1) h in ts  a t  th is  w hen he 
asks, “ Is n o t possibly th e  whole process 
[of con tinen ta l drift] m ore sim ilar to  ice 
floating on flowing w ate r th a n  to  a  r a f t  
sailing over a  curren tless pool ? ’ ’ A p art 
from  th is, and  a  suggestion b y  th e  sam e au th o r 
of “ a  p lastic outflow of th e  in te rio r con tinen ta l 
m asses tow ard  th e ir  m arg in s,” th e  possi
b ilities arising from  cu rren ts  in  th e  su b 
s tra tu m  appear to  have been en tire ly  
overlooked during th e  Sym posium .

{To be continued.)
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LETTER t o  t h e  EDITOR
T h e F.M .S. C ham ber o f M ines

The E d ito r  :
Sir —T he a tte n tio n  of th e  Council of th is  

Cham ber has been draw n to  a  s ta te m en t 
in th e  Ja n u a ry  issue of y o u r M agazine 
(page 4) th a t  “ M alaya is en tire ly  lacking 
in  cohesion am ong m in ing  m en ”  and  th a t  
th e re  is no society devoted  to  m ining.

I  am  in stru c ted  to  correct th is  s ta te m e n t 
and  to  inform  you th a t  close co-operation  
exists am ongst m ining m en in  M alaya, bo th  
E uropean  and  Chinese. The in te rests  of th e  
in d u stry  are well cared for b y  th is  C ham ber 
in th e  E a s t and  by  th e  M alayan C ham ber of 
Mines in London.

I would add  th a t  th e  P erak  C ham ber of 
Mines was founded in 1907 and  incorporated  
as the  F.M .S. C ham ber of Mines in 1914, 
and  th a t  its  p resen t m em bersh ip  is 69 
com panies and  225 ind iv idual m em bers.

A copy of th e  Y ear Book for 1927 is being 
forw arded under separate  cover.

Y ours fa ith fu lly ,
A. C. J .  T o w e r s ,  

Secretary, 
F.M .S. C ham ber of Mines.

Ipoh, Perak, F.M.S.
M arch  9.

BOOK REVIEWS
A n  In trod u ction  to  th e  Study of Ore 

D ep osits . B y F. H . H a t c h ,  O.B.E., 
Ph.D . C loth, octavo, 117 pages +  31 
figures. P rice 7s. 6d. London : George 
Allen an d  U nw in, L td .

D r. H a tc h  is well know n as a  successful 
a u th o r  of tex t-books w hich, while elementary, 
are nevertheless accu rate  and  reliable. Short 
books on big sub jects are far m ore difficult 
to  w rite  th a n  those  w ho h av e  never tried 
th e ir  h an d  m ay  im agine. D r. H atch  has 
th e  adm irab le knack , invaluable to  students, 
of sum m arizing a  sub ject w ith a  masterly 
sense of p roportion , and  of stim ulating  an 
in te rest w hich leads m an y  of his readers to 
m ore deta iled  studies. Once again, by  writing 
th is  sh o rt trea tise , he has laid  students of 
geology an d  m in ing  u n d er a  d eb t of gratitude.

T he book is based  on a  course of lectures 
given a t  Cam bridge som e years ago—now 
su itab ly  rev ised  in  accordance w ith  modem 
views and  instances— an d  on a  Presidential 
A ddress dealing  w ith  theories of ore- 
deposition  given in 1912 to  th e  Institution 
of M ining an d  M etallurgy. An historical 
sum m ary  of theories of ore-genesis is followed 
b y  a  general su rvey  of th e  n a tu re  and classifi
cation  of deposits. Successive chapters then 
deal w ith  ore fo rm ation  by  differentiation 
in basic m agm as ; b y  gaseous emanations 
from  g ran itic  m agm as ; b y  gaseous emana
tions connected  w ith  volcanic erup tions; 
b y  th e rm a l w ate rs ; b y  m echanical agencies; 
a n d  b y  chem ical p rec ip ita tio n  in seas, lakes, 
an d  sw am ps. F ina lly  th e  form s of ore 
deposits are  sim ply b u t effectively discussed.

A deta iled  series of references is given to 
th e  sources of in fo rm ation  on which the 
first— histo rical— ch ap te r is based. There
a fte r  references are few, an d  m ost of these 
are to  old papers w hich Dr. H atch  probably 
th in k s  should  n o t be overlooked or forgotten. 
One is te m p te d  to  suggest th a t  references 
to  recen t w ork m igh t have been preferable, 
b u t, so v as t is th e  m odern  literatu re , that 
i t  w ould be difficult to  know  w here to  stop 
if th is  field w ere seriously invaded. The 
sam e com m ent confronts alm ost every 
suggestion of criticism  ; th e  book could be 
im proved only b y  its  indefin ite extension, 
an d  th a t  would, of course, destroy  the 
p articu la r v irtues of its  un ique individuality. 
O nly in one p articu la r w ould I suggest a 
slight add ition  : The d iam ond m igh t receive 
a parag raph  or two. I t  is a t  p resen t given



two words only, one of w hich is in th e  index. 
But the  answ er to  th is  m ight qu ite  well 
be th a t d iam ond is n o t an  ore.

The book is well p rin ted  an d  clearly  
illustrated, and  it  is a  pleasure to  recom m end 
it cordially to  all who are beginning the  
study of ore deposits and  th e ir  genesis.

A r t h u r  H o l m e s .

Geology o f G old. (S ou th  A frica , 
A ustralia , N ew  Z ea lan d .) 1929. B y 
E. J. D u n n .  Cloth, octavo, 303 pages 
and 82 p la tes. Price 35s. London : 
Charles Griffin and  Co., L td .

Mr. E. J . D unn, who gave th e  nam e of 
Dwyka to  the  glacial conglom erate of S outh  
Africa, has had  a  very  wide experience as 
a mining geologist in th a t  coun try , in New 
Zealand, and  A ustralia, and  it has been his 
privilege to  exam ine professionally m any  
historic m ines of special geological im 
portance. Mr. D unn has k ep t careful and  
systematic records of his observations and  
a representative collection of m ateria l, and  
this book s ta tes  his conclusions as to  th e  
processes of ore form ation  and  illustra tes 
them by an a tlas  of excellent photographs 
and diagrams. The records of m ines now 
closed are especially valuab le since it  is th e  
illfate of successful m ining to  destroy  the  
material w orked, and  th u s  th e  m ining 
geologists of one generation  often  find 
difficulty in ob ta in ing  accurate in form ation  
about well-known m ineral occurrences 
worked out b y  the ir predecessors. This 
collection of d a ta  selected from  the  notebooks 
of so acute an  observer as Mr. D unn will 
be of perm anent value as a  con tribu tion  
to the h isto ry  of ore genesis. Mr. D unn in 
1872 gave th e  nam e of the  L ydenburg  Beds 
to the rocks a t P ilg rim ’s R est in the  T rans
vaal, and  expresses (p. 22) his regret th a t 
this nam e has been dropped, he th inks 
unnecessarily, from  S outh  A frican geology 
in favour of th e  P re to ria  Series. T his da te  
shows in w hat an  early  stage of m odern  
metal m ining Mr. D unn took  p art, and  it 
helps to  explain  w hy in some cases he 
expresses views on th e  origin of rocks which 
have been generally  abandoned. He is th u s 
conservative as regards th e  origin of g ran ite  
from sedim entary  rocks and  th e  features 
which he illu stra tes b y  a  beau tifu l photograph  
of a V ictorian g ran ite  as the  frontispiece, 
and in th e  first tw o figures of his collection 
of photographs, w ould n o t be regarded  as 
convincing evidence of a  sed im en tary  origin. 
The a u th o r’s conclusion as to  th e  influence

of g ran ite  on lode form ation  is how ever 
supported  by  m uch recen t opinion, and  in 
th is  view he was ahead  of con tem porary  
opinion. H e concludes : “ th e re  appears to  
be no grounds for assum ing th a t  g ran ite  h as  
generally  h ad  an y  direct influence on d e te r
m ining th e  presence of auriferous lodes in 
sed im en tary  or o ther rocks, except w here 
special varie ties are p re se n t.”

Mr. D unn  uses th e  te rm  ind icato r in  a 
sense w hich w ould render it  unnecessary . 
The te rm  w as used for a  s tru c tu ra l fea tu re  
in some sla tes w hich explains w hy th e  gold 
w as concen tra ted  along p articu la r lines in 
th a t  slate. Mr. D unn  adop ts a  use of th e  
te rm  ind icato r w hich applies i t  to  th e  whole 
of a  b an d  of sla te  in  w hich gold ore occurs ; 
and  he ex tends th e  use of th e  te rm  to  various 
fields w here th e  gold has been deposited  in 
bands of slate, b u t n o t in th e  in te rbedded  
sandstones. T his condition  is well know n 
in m an y  gold fields, and  is sim ilar to  cases 
w here gold occurs in  a  dyke an d  no t in th e  
rocks in to  w hich th e  dyke is in trusive . If 
th e  te rm  ind icato r be ex tended  to  any  b an d  
of rock contain ing  gold, i t  becom es m eaning
less, for such a b an d  as in th e  a u th o r ’s 
diagram  19, m igh t be called “ a  p ro 
ductive zone.”

The chief value of th e  book is in its  
collection of 172 diagram s illu stra ting  
im p o rtan t m ines and  m odes of ore occurrence, 
and  its  excellent photograph ic illu stra tions 
(more th a n  250) of gold ores, coun try  rocks, 
and  specim ens of alluv ia l and  o ther gold. 
In  a series of in te resting  chap te rs Mr. D unn 
describes and  discusses various m odes of 
occurrence of gold, th e  features of lodes, th e  
source an d  so lubility  of gold, th e  associated 
m ineral species, th e  d istribu tion  of gold in 
lodes and  in various alluv ia l deposits. The 
chap ters con tain  m uch valuable in form ation 
based on personal observations in historic 
m ines a t an im p o rtan t stage in th e ir  develop
m ent, as in his account of Mt. Morgan. In  the  
chap ter on th a t  m ine, as also in  th e  references 
to  th e  Bendigo Goldfield, in  th e  investiga tion  
of which th e  au th o r w as th e  leading pioneer, 
th e  chap ters are ra th e r  a  con tribu tion  to  
th e  h isto ry  of th e  field th a n  a  full account 
of it, as th e y  do n o t give reference to  la te r 
w ork. As a lready  ind icated , th e  book is 
a  collection of selected ex trac ts  from  a 
m ining geologist’s notebooks, and  its  value 
is as a  personal record of observations and  
im pressions ra th e r  th a n  as a  guide to  cu rren t 
theories on th e  form ation  of gold ores.

J . W . G r e g o r y .
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T h e P rin cip les o f S u b sid en ce  and the  
Law o f Support in  R ela tio n  to  
C olliery  U n d ertak in gs. B y W . T.
L a n e  and  J . H . R o b e r t s . Cloth, 
octavo, 319 pages, illu stra ted . Price 18s. 
London : A lfred A. K nopf, L td .

M ining S u b sid en ce. B y  H e n r y  B r i g g s .  
Cloth, octavo, 215 pages, illu strated . 
P rice 14s. London : E d w ard  A rnold 
and  Co.

I t  is curious to  n o te  th a t  am ongst the  
volum inous m ass of B ritish  m ining lite ra tu re  
there have h ith e rto  been no w orks on the  
ex trem ely  im p o rta n t question  of Mining 
Subsidence. I t  m ay  fairly  be said th a t  the  
first w ork devo ted  to  th is  sub ject was really  
the  F in a l R ep o rt of th e  R oyal Commission on 
Mining Subsidence, published in 1927, and  
it m ay  also fairly  be surm ised  th a t  b o th  of 
th e  w orks now  under review  owe th e ir  origin 
to  th e  incentive of th is  rep o rt ; th e y  are 
ce rta in ly  b o th  largely  indeb ted  to  it, and  th e  
publication  of these tw o w orks w ith in  a 
m on th  of each o ther m ay  be ta k en  as evidence 
th a t  B ritish  m ining engineers are a t  la s t 
being aroused to  a sense of th e  im portance 
of th e  subject. B o th  books necessarily  
cover th e  sam e ground, b u t in  v e ry  different 
fashion. The first nam ed book is d ivided 
in to  tw o en tire ly  independen t p a rts , of w hich 
the  second and  larger p a rt, occupying some 
180 pages, is devoted  to  th e  L aw  of S upport, 
a  sub ject w hich Professor Briggs dism isses 
in some half-dozen pages. T he la tte r , how 
ever, is all and  indeed m ore th a n  is needed, 
because th e  whole subject, a t  any  ra te  as 
far as m ining engineers are  concerned, is 
clearly and  a u th o rita tiv e ly  s ta te d  in  th e  
F inal R epo rt of th e  R oyal Commission. 
T he m uch leng th ier review  of th e  law  by  
Messrs. L ane and  R oberts  rea lly  carries th e  
m a tte r  no f u r th e r ; i t  is n o t sufficiently 
precise and  does n o t convey a  sufficent 
am ount of deta il for th e  use of th e  law yer, 
who will always prefer his own legal t e x t 
books, w hilst it con tains fa r too  m uch  
detail for th e  use of th e  m ining engineer, 
who, as already  p o in ted  out, w ill find in the  
F inal R eport of th e  R oyal Com m ission all 
th a t  he really  needs.

As regards the  physical problem s involved 
in m ining subsidence, th e  tw o books again 
are entirely  different ; th e  w ork of Professor 
Briggs contains m uch  orginal m a tte r  and  
m uch careful tho u g h t, w hich even those 
engineers who m ay  no t agree w ith  his views 
will certain ly  find deserving of full considera

tion. T he w ork of Messrs. L ane an d  Roberts, 
on th e  o ther hand , con tains no th in g  original 
a t all. As th e  au th o rs  them selves frankly 
and  freely adm it, th e  book  is m erely  a com
p ila tion  of th e  w ork of o thers. Such a 
com pilation w ould no d o u b t be very  valuable, 
especially hav ing  regard  to  th e  fact that 
m uch of th e  in fo rm ation  is scattered  in 
B ritish  an d  foreign technical journals and 
in th e  pub lications of m an y  technical 
societies, b u t for a  com pilation  to  be of 
real value  it m ust of necessity  be complete 
and  up -to -d a te , and  un fo rtuna te ly  the 
presen t w ork canno t fairly  claim  to  be either 
th e  one or th e  other. N ecessarily bo th  works 
con tain  sum m aries of th e  views held by 
previous w riters on th e  sub ject, a historical 
review  of th e  theories of subsidence being 
indeed no u n im p o rta n t portion of 
th e  w hole sub jec t, b u t th e  treatm ent 
of th e  h isto rica l review  by  bo th  writers 
is tho rough ly  characteristic . Thus whilst 
Briggs gives p roper w eight to  the  work 
done by  th e  D o rtm u n d  B oard  of Mines, 
Lane an d  R oberts  never m ention  the work, 
im p o rta n t though  it was. On th e  other hand 
th e  above au th o rs  devo te some ten  pages to 
a descrip tion  of F ay o l’s theory , which Briggs 
dism isses in less th a n  half of th a t  space. The 
form er au th o rs  s ta te  th e  th eo ry  without 
com m ent or criticism  an d  upon the whole 
leave th e  reader under th e  impression that 
th e y  are inclined to  accep t his theory. 
Briggs, on th e  o ther hand , analyses the 
th eo ry  scientifically an d  s ta te s  his own 
opinion of it, nam ely  th a t  i t  contains a 
useful h a lf- tru th  inasm uch as i t  gives a 
correct ind ication  of w hat takes place in the 
p relim inary  stages of subsidence. Opinions 
such as these, based  on careful reasoning, 
are necessarily  valuab le ; L ane and  Roberts 
e ither have no opinions of th e ir  own, or, if 
th e y  have any, th e y  have tak en  care not to 
express them  in th is  book. I t  is no t unfair 
to  say  th a t  th e  w ork of L ane and  Roberts is 
valuab le chiefly for th e  b ibliography which 
it gives upon m ining subsidence, though it 
w ould have been far m ore valuab le had that 
b ib liography  included th e  im p o rta n t German 
works on th e  subject. I t  is tolerably 
significant th a t  th e  on ly  reference they  give 
to  th e  im p o rta n t w ork of H ausse is to a 
brief ab s tra c t in th e  T ransactions of the 
In s titu tio n  of M ining E ngineers (incorrectly 
quoted  in th e  book as th e  In s titu te  of Mining 
Engineers, a m is take  w hich is repeated  in 
several places). T he w ork of Briggs on the 
o ther hand , w hilst a t  th e  sam e tim e ably
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summarizing th e  views of previous workers, 
will probably be valuable chiefly for his 
own contributions to  the  theory  of subsidence. 
The subject is a  very  com plex and  a  very  
difficult one, and no one can claim to -day  to  
have pu t forw ard any th ing  like an  opinion 

15 scattj on the rationale of subsidence w hich finds
al joiiiKi; general acceptance am ong m ining engineers,
many ^ but the fact th a t it is a subject bristling  w ith
latioup difficulties should no t deter m en from
Style® attem pting to  grapple w ith these to  th e  best
liortiaai,1 of their abilities, and  it is far b e tte r  to  p u t
-laimtok forward im perfect theories, such as those of
s a i i l v b o t ;  Briggs confessedly are, ra th e r  th a n  to  p u t
: vitrs t forward no views a t all, which it  m u st be
bjectjb adm itted is the  position w hich L ane and
a i b i i f c  Roberts have taken  up.

H e n r y  L o u i s .

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

NEWS LETTERS
JO H A N N E S B U R G

A p r il  4.

N a m a q u a l a n d  D ia m o n d s .— I t  is officially 
announced th a t the  to ta l p roduction  from 
the S tate diggings in N am aqualand  up  to  
the end of M arch, 1929, is approx im ate ly
600,000 carats w orth  abou t ¿6,500,000. 
The Governm ent has sold 205,000 carats, 
for ¿2,450,000, or an average of ¿11 19s., 
per carat, and there  rem ain in hand  395,000 
carats roughly valued a t ¿4,000,000. I t  
would be in teresting  to  know w hat the 
Merensky portion  of th e  field has yielded 
in carats and cash, b u t there  is a t present 
no indication th a t th is  inform ation will ever 
be published. Mr. S. B. Joel s ta te d  a t 
Capetown, on th e  eve of his d ep a rtu re  for 
England, th a t  “ in th e  M erensky portion  of 
the fields all the  diam onds have been ex
tracted, and  the  G overnm ent has nearly  
exhausted th e  S ta te  diggings portion  by  
hand picking. The G overnm ent has still 
to recover a  certa in  percentage by  m achinery, 
but no th ing  of a  serious n a tu re  ; and  the  
diggings will yield only a sm all p roportion  
compared w ith  w hat has already  been 
extracted. The G overnm ent realizes the 
position and  will m a in ta in  control of the

diam ond m a rk e t.” • N am aq u alan d ’s average 
value of ¿11 19s. per ca ra t for alluvial 
d iam onds is ¿2 17s. h igher th a n  th a t  of 
th e  rest of th e  Cape Province, which is 
¿9 2s. The F ree S ta te ’s average for 1928 
is ¿8 2s. 6d. per ca ra t, and  th e  T ra n sv a a l’s 
is ¿2 9s. 5d. L ast y e a r’s average values 
per ca ra t for m ine stones a r e : Cape,
¿3 5s. 4d. ; F ree S ta te , ¿3 Is . 9d. ; and 
T ransvaal (Prem ier Mine), ¿1 Is. 4d. I t  
has been s ta te d  th a t  th e  average value of 
th e  alluv ia l d iam onds found by  th e  Con
solidated  D iam onds Co. on th e  n o rth  bank  
of the  O range R iver is over ¿10 per carat.

R a n d  R e f i n e r y ’s  R e c o r d .— A record 
am ount of precious m eta l was received and  
hand led  a t  th e  R an d  Refinery last year— 
11,982,348 bullion ounces. This is an 
increase of 266,590 ounces com pared w ith 
th e  figure for 1927. The Refinery was 
originally designed to  tre a t 10 million ounces 
annually , and  to  have refined nearly  an 
ex tra  tw o m illion ounces, w ithou t any  undue 
ta x  on the  p lan t, is a  v e ry  sa tisfac to ry  s ta te  
of affairs. A dditional producers from 
R hodesia are sending th e ir  o u tp u t to  the  
w orks for refining, showing th a t  non
m em bers are satisfied w ith  the  advantageous 
resu lts obtained. The disposal of fine gold 
for th e  year was as follows :— Sold to  South 
A frican R eserve B ank, 9,539,216 fine ozs. ; 
shipped to  London, 2,271 fine ozs. ; sold 
to  Ind ia, 1,000,017 fine ozs. ; sundry  local 
sales, 1,876, fine ozs. The gold sales to  
In d ia  showed an  increase of 61,807 fine ozs. 
over th e  1927 figures. The fine silver 
sh ipm ents to  In d ia  d irect am ounted  to  
1,018,986 fine ozs.

A s b e s t o s  F in d s  o n  t h e  R a n d .— The 
fact has ju s t been brough t to  light th a t 
chrysotile asbestos has been found on the  
northern  highlands of the  R and  w here there  
are rem nan ts of th e  Swaziland system  w ith 
schists and  serpentines. I t  is no t possible 
to  say  m uch abou t th is  discovery a t  present 
because th e  ex ten t and  economic value 
generally  of th e  occurrences are still a  m a tte r  
of enquiry. A sbestiform  m ateria l, p robab ly  
trem olite , is said to  have been m ined no t 
far from  the  Johannesburg  M unicipal 
boundary , and  to  have been an in te resting  
little  local industry  in association w ith  the  
m aking of asbestos-cem ent boards. In  a 
p a tch  of am phibolites, serpentines and 
talcose schists in th e  R ietfontein-M odder- 
fontein area, w est of th e  m ain  road  to  
P retoria , asbestos is also said  to  have been 
found. I t  is hoped th a t  asbestos m ining
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also m ay  be a  fea tu re  of o th e r R a n d  
ac tiv ities in a  n o t d is tan t fu ture .

U n i o n ’s  C o a l  R e s o u r c e s .— S outh A frican 
coalowners are w atch ing  w ith  considerable 
in te rest th e  progress th ro u g h  th e  H ouse of 
A ssem bly of th e  F uel R esearch and  Coal 
Bill which provides for th e  co nstitu tion  of 
a  corporate body  to  be called th e  F uel 
Research In s titu te  of S outh  A frica w ith  the  
head office in P re to ria . On th e  com m ence
m en t of th e  A ct th e  board  will ta k e  over 
all th e  rights, assets and  liabilities of th e  
coal grading com m ittee. T he objects of th e  
in s titu te  will be :

“ (a) To s tu d y  and  investiga te  th e  fuel 
resources of th e  Union.

(b) To u n d ertak e  scientific and  technical 
research on all m a tte rs  re la ting  to  fuels in 
general and  to  fuel by-products.

(c) To grade and  classify coals.
(d) To investiga te  any  o th er m a tte r  w hich 

the  M inister, a fte r consu lta tion  w ith  the  
board, m ay  refer to  it.

(e) To establish  such labo ra to ries and  
te stin g  sta tio n s as it m ay  deem  n e c e s sa ry ; 
and

(f) To publish  from  tim e to  tim e in such 
form  as it  m ay  deem  su itable, p articu la rs  
of th e  grades of coal availab le in  S outh  
A frica and  an y  o ther such in fo rm ation  
concerning th e  ob jects referred  to  as it  m ay  
deem su itab le .”

The b o ard  will consist of five m em bers 
appo in ted  b y  th e  G overnor-G eneral, tw o of 
whom  shall be appo in ted  on th e  recom m enda
tion  of a t  least th ree -q u a rte rs  in  num ber 
of reg istered  com panies producing  coal. One 
m em ber of th e  board  w ill be a  person high ly  
qualified in fuel science an d  experienced in  
m ethods of research  work. The m em bers 
of th e  board  will a c t in an  h ono rary  cap ac ity  
and  will hold office for th ree  years. The 
board  will fo rm ulate  an d  con tro l th e  policy 
of the  in stitu te , determ ine in  w h a t directions 
research should be u n d ertak en  an d  generally  
act in an  advisory  cap ac ity  to  th e  M inister. 
The in s titu te  will be responsible for th e  
grading of coal in a  m an n er to  be prescribed 
by  regulation, an d  any  m em ber of th e  
in stitu te  or its  rep resen ta tives will have the  
righ t of en try  to  a  colliery a t  an y  tim e to  
inspect, te s t and  ta k e  sam ples of coal. The 
export of ungraded  coal w ill be p roh ib ited , 
b u t a colliery m a y  appeal to  th e  M inister 
if it is refused a  g rad ing  certifica te , and  his 
decision shall be final. In  th e  even t of a 
real or apprehended  scarcity  of coal for

consum ption w ith in  th e  U nion th e  Minister 
m ay  tem porarily  res tric t or p ro h ib it export. 
T he expenses of th e  in s t itu te  w ill be financed 
from  an  an n u a l levy to  be im posed by  the 
G overnor-G eneral, n o t exceeding one-eighth 
of a  penny  per to n  on coal sold during the 
preceding year. The in s t itu te  shall create 
a  cap ita l fund  w ith  m oneys voted  by 
P arliam en t an d  from  fees charged by the 
board . The Coal A ct of 1922 is repealed. 
The Bill has been su b m itted  to  th e  Colliery 
O w ners’ A ssociations, an d  th ey  have 
app roved  of it, sub ject to  certa in  amend
m ents.

P r o s p e c t in g  in  Z u l u l a n d .—During 
th e  p a s t tw o m on ths a  good deal of pros
pec ting  w ork has been done in Northern 
Zululand, an d  it  is rep o rted  th a t  promising 
m ineral discoveries h av e  been m ade there. 
In fo rm ation  regard ing  these discoveries is 
m eagre, b u t i t  is believed th a t  gold and 
asbestos occurrences are being  opened up.

N e w  U s e  f o r  C in e m a  Ca m e r a .—In 
order p rim arily  to  fac ilita te  th e  complete 
s tu d y  of large w inding engines, Mr. L. B. 
W oodw orth , of th e  E ngineering  Department 
of R a n d  Mines, L td ., has developed a  method 
of grouping  a  large num ber of electrical and 
m echanical ind icating  instrum ents and 
pho tograph ing  th em  a t  such intervals as 
m ay  be desirable, w ith  e ither an  ordinary 
or a  cinem a cam era. The films, when 
developed, can be p ro jec ted  on a screen one 
by  one, or exam ined  w ith  a  magnifying 
glass and  a  com plete tim ed  record obtained. 
T he cam era m ethod  was developed with 
special reference to  w inders, b u t is capable 
of ex tension to  m an y  o th er form s of testing, 
and  th e  effect of Mr. W oodw orth’s paper, 
read  before th e  S outh  A frican In stitu te  of 
E lectrical Engineers, is to  p u t th e  method 
freely a t  th e  d isposal of engineers th e  world 
over for app lica tion  to  th e ir  particular 
problem s. The V icto ria  F alls Power Co. 
has a lready  begun experim en ts w ith  a  view 
to  apply ing  th e  cam era  to  th e  s tu d y  of the 
occurrence and  developm ent of fau lt con
d itions on its  netw ork.

C h a m b e r  o f  M i n e s  L a b o r a t o r y  W o rk . 
— In  th e  course of its  an n u a l report the 
E xecu tive  C om m ittee of th e  Transvaal 
Cham ber of Mines says th a t  du ring  th e  year 
1928 th e  C ham ber’s L ab o ra to ry  experim ental 
w ork was continued , p rinc ipa lly  in con
nection w ith  th e  ignition  in a gas muffle of 
konim eter slides m ade of various m aterials. 
I t  had  been previously  d em o n stra ted  that 
the  carbon particles co n tam in atin g  a



MAY, 1929 293

konimeter spot could be en tirely  elim inated  
by igniting the  slide, such carbon being no t 
always com pletely rem oved b y  m eans of th e  
immersion m ethod of acid trea tm en t. 
Konimeter slides of Chance’s “ heat-resisting  
glass ” have been specially m anufactu red  in 
England, and  are proving m ost suitable.

BRISBANE

M arch  18.
R o y a l  C o m m iss io n  o n  M in in g .— The 

Royal Commission prom ised by  th e  Prem ier 
of Queensland, to  enquire in to  and  repo rt 
on the m ining industry  of th is  S ta te , has 
been appointed. I t  consists of Mr. T. A. 
Ferry, m em ber of th e  Q ueensland B oard  
of Trade and  A rbitra tion , as chairm an ; 
Mr. A. A. Boyd, M .Inst.M .M ., for several 
years General M anager of the  M ount M organ 
Gold-Mining Com pany, in liqu idation  ; Mr. 
C. F. V. Jackson, B .E ., M .I.C .E., Queensland 
State Mining E n g in e e r ; and  Dr. H. C. 
Richards, Professor of Geology and  
Mineralogy, U niversity  of Queensland. The 
Commission is to  inquire exhaustively  into 
the mining in d u stry  of the  S ta te  from  an 
adm inistrative, economical, and  labour point 
of view, from  a geological s tandpo in t, and  
in relation to  any  o ther m a tte rs  connected 
with the industry  which m ay  be considered 
helpful in extending m ining in Q ueensland, 
in widening the  sphere of em ploym ent, and 
in the effective u tiliza tion  of th e  m ineral 
resources of the  S tate . The personnel of the  
Commission is free from  th e  political elem ent 
which too often en ters in to  th e  constitu tion  
of such bodies, and  as such as should inspire 
confidence.

T h e  C o a l  C r i s i s .— The coal position seems 
to have reached a  dead end. Follow ing on 
the dismissal, on F eb ru ary  15, of some
10,000 or 11,000 m en from  th e  associated 
collieries of th e  New castle an d  M aitland 
districts, a conference was held betw een the  
Prime M inister (Mr. Bruce), th e  P rem ier of 
New South W ales (Mr. B avin), and  rep re
sentatives of b o th  th e  m ine owners and 
miners. I t  was there  s ta te d  by  Mr. B avin  
that the profits of the  owners on coal p ro 
duction did no t exceed 2s. a  ton , and  a 
tentative agreem ent for se ttlem en t was 
reached w hereby th e  m en would agree to  
a reduction of Is. a  to n  in wages if it was 
shown, b y  an  approved  accoun tan t, th a t  
Mr. B av in ’s figures were correct. I t  was 
5—5

ap p aren tly  arranged  th a t  th e  accoun tan t 
should be one of th ree  to  be subm itted  by  
th e  president of th e  A ccoun tan ts’ In s titu te , 
b u t subsequently , on behalf of th e  m iners, 
it was dem anded th a t  th e  accoun tan t should 
be left to  th e  u n restric ted  choice of the  
unions concerned, and  th a t  his duties should 
no t be confined to  th e  sim ple question  in
volved. T his dem and, th e  P rim e M inister 
definitely  sta ted , could no t be acceded to, 
and  th u s  th e  m a tte r  s tan d s a t  present. If 
th e  m iners had  agreed to  bear th e ir  quo ta  
of th e  proposed reduction  of 5s. per ton  in 
th e  cost of coal, Mr. Bruce was ready  to  
renew  his offer of a  F ederal bonus on coal, 
b u t w isely decided th a t  i t  should app ly  to  
coal produced in any  S tate , in stead  of being 
confined to  the  o u tp u t of New South  W ales. 
F o rtu n a te ly  th e  unassociated  collieries have 
n o t been closed, and  it  w ould seem th a t  
th e ir  o u tp u t is sufficient to  m eet all supplies 
required  for th e  present, so th a t  th e  chief 
sufferers are th e  m en who have lost th e ir  
jobs in th e  associated mines.

M o u n t  I s a  P r o g r e s s . — L ates t official 
news from  th e  M ount Isa  field is t h a t  
D avidson’s shaft has reached a  dep th  of 
340 ft., and  is still being sunk. Two sm aller 
shafts  are being p u t down, to  be used in 
th e  fu tu re  for ven tila ting  purposes. In  the  
four-week period ended F eb ru ary  14, the  
am oun t of d iam ond drilling carried  out 
to ta lled  142 ft. on th e  Rio G rande lode and 
709 ft. on th a t  of the  Black S tar. Progress 
is being m ade w ith  th e  erection of th e  power 
p lant, a  portion  of w hich was expected  to 
be p u t in  commission a  week ago. P a r t of 
th e  spillw ay a t  th e  Rifle Creek dam  has 
reached th e  required  heigh t of 50 ft. above 
th e  creek bed, and  good progress is being 
m ade w ith  th e  wings, w hich will be 
abou t 10 ft. higher. P riva te  advices are 
th a t  th e re  has been p rac tica lly  no ra in  a t 
M ount Isa  since early  in Decem ber, when 
there  was 18 ft. of w ater in  th e  new  reservoir, 
b u t i t  is possible th e re  will be fu rth e r falls 
before w h a t is know n as th e  w et season is 
finally ended. I t  is estim ated  th a t  th e  dam , 
when full, will contain  abou t four-and-a-half 
y ea rs’ supply. The railw ay from  Duchess 
to  the  mines, 541 miles in  length, is nearing 
com pletion, and  a  considerable portion  of 
it  is already  being used w ith  th e  aid of 
ballast trains. The M inister for Railw ays 
says th e  line should be finished b y  th e  end 
of th is m onth.

Q u e e n s l a n d  A n t i m o n y .— M any deposits 
of an tim ony  are know n in Q ueensland,
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particu la rly  in th e  n o rth , in land  from  Cairns, 
b u t, owing to  the  low price of th e  m etal 
usually  prevailing and  th e  u n ce rta in ty  of 
th e  m arket, these have been exploited only 
to  a  very  sm all ex ten t. There have of la te, 
however, been inquiries for the  m e ta l 
b o th  from  E urope and  A m erica. The Com 
m issioner for A ustraha  in th e  U n ited  S ta tes 
has reported  th a t  th e re  is an  assured m arke t 
there for supplies, to  th e  ex ten t of 5,000 tons 
a  year, of 60%  stibn ite  (antim ony glance). 
A represen tative of sou thern  m ining investors 
has la te ly  been in  N orth  Q ueensland in 
specting some extensive deposits on th e  
M itchell R iver, w hence has been ob ta ined  
abou t 60%  of th e  an tim ony  as y e t produced  
in th is  S tate . H e is said to  have been favou r
ably  im pressed, and  to  be tak in g  steps 
w hich w ill lead  to  a  rev iva l of th is  b ran ch  of 
m ining in th a t  locality. E nquiries are also 
being m ade for m olybdenite  and  b ism uth , 
of w hich very  li t t le  has been m ined in  th is  
S ta te  since th e  war.

T h e  W h i t w o r t h  C o r p o r a t i o n . — The 
English com pany, th e  W hitw orth  Mining 
an d  F inance Corporation, w hich la te ly  
acquired several tin -m in ing  propositions 
in th e  Cairns h in te rland , N o rth  Queensland, 
has begun operations on th e  G overnor 
N orm an m ine, a t Irv inebank . T he various 
tunnels of th is  old m ine are being cleaned 
ou t and  p u t in  w orking order. T he d istric t 
inspector of m ines (Mr. O. M. W illiams) 
gives some in teresting  p articu la rs  of th is  
p roperty . The orebodies consist of tw o 
m ajor a n d  one m inor shoots of ore, w hich 
occur along th e  strike  of a  very  well-defined 
m aster jo in t a t  th e  po in t of in te rsec tion  of 
o ther m aste r jo in ts. In  th e  v ic in ity  of th e  
m ajor in tersections th e re  has been very  
extensive and  in tensive a lte ra tio n  of th e  
coun try  rocks. The large open cu ts th a t  
have been m ade in  th e  p as t deno te th e  
m ajor shoots of ore to  have  been of unusually  
large dimensions, an d  a  considerable tonnage 
of low-grade ore is said to  be still available. 
I t  is qu ite  obvious, Mr. W illiam s says, th a t  
in each case th e  shoot w orked represen ts one 
of a series ; and, w ith  th e  know ledge now  
available as to  th e  genesis of th e  tin  deposits 
in these d istric ts, th e re  should  be no undue 
difficulty in locating  fu rth e r  rich  an d  ex ten 
sive shoots of ore. Three block shafts  have 
been s ta rted  a t sites in th e  general d irection 
of the  p itch  of th e  various shoots of tin stone. 
The same com pany has also a  few m en 
already em ployed a t  th e  V ulcan, no tab le 
for being th e  deepest tin  m ine in  A ustralia,

its  w orkings being dow n to  1,400 f t. Arrange
m en ts have  been m ade for th e  com pany to 
ta k e  over from  th e  G overnm ent the  tin 
tre a tm e n t w orks a t  I rv in eb an k , w hich have 
been alm ost idle for several years.

O i l  P r o s p e c t i n g . — T he F edera l Govern
m en t Geologist (Dr. W. G. Woolnough), 
a f te r  a  b rief v isit to  th e  R om a district, in 
Q ueensland, la te ly  fu rn ished  to  th e  Minister 
for H om e an d  T errito ries a  rep o rt on oil 
p rospects b o th  in  th a t  locality  and other 
p a r ts  of A ustralia . W hile ligh t oil and 
petro liferous gas have been unmistakably 
found a t R om a, w h a t is w anted , as Dr. 
W oolnough has before p o in ted  ou t, is crude 
oil. H e now  s ta te s  i t  is b y  no means 
im probable th a t  such crude oil m ay  exist in 
th e  v ic in ity  of R om a, an d  th a t  strenuous 
efforts are being d irec ted  along admirable 
lines to  find it,  a lthough  add ing  th a t many 
of these are  in th e  d irection  of “ wild c a t” 
drilling. T his la t te r  s ta te m e n t has been 
sharp ly  denied b y  th e  Q ueensland Minister 
for Mines an d  b y  D r. Jen sen , a  well-known 
geologist, a t  one tim e on th e  Queensland 
Geological Survey, on whose reports and 
recom m endation  a  n u m ber of th e  prospecting 
schem es now  in full sw ing have been 
launched. The F edera l Geologist also states 
th a t  chem ical and  physical investigations 
ind icate th a t  th e  ligh t oil found a t Roma 
can alm ost ce rta in ly  be regarded as a 
condensate  from  th e  gas, an d  th a t  con
sequen tly  d oub ts  are en te rta in ed  in some 
q u a rte rs  as to  th e  existence of any  near-by 
source of n o rm al crude oil. T h a t such oil 
m ay, how ever, ex ist in th e  v ic in ity  is con
sidered  b y  him  as b y  no m eans improbable. 
Dr. W oolnough’s general conclusion is that, 
in sp ite of m an y  d isappo in tm ents and many 
false tra ils , th e re  seem s to  be a very 
reasonable chance th a t  A ustra lia  m ay yet 
en ter the  ranks of th e  oil producing countries.

V A N C O U V E R
A p ril  9.

T h e  K o o t e n a y s . — The V ictoria Syndi
cate, of London, w hich acqu ired  the  Hewitt, 
C arnation  and  W akefield groups in  1926, 
ex tended  the  b o tto m  a d it of th e  Carnation 
th rough  th e  hill, a  d istance of 2,800 feet, con
nected  th e  sou thern  p o rta l b y  a  10,000 ft. 
aerial tram w ay  w ith  th e  H ew itt mill, 
and  then, la s t sum m er, d ropped  its  options 
on the  C arnation  an d  W akefield, and 
concentra ted  developm ent on th e  Hewitt,
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because i t  w as considered th a t  th e  
opportunities there  were m uch g reater. 11 has 
now consolidated its  holdings a t th e  H ew itt 
with those of G alena F arm  Mines, acquired 
the H azard  group lying betw een Galena 
Farm  and H ew itt, and  form ed G alena F arm  
Consolidated Mines to  tak e  over and  operate 
the properties. B o th  G alena F arm  and 
H ewitt are old m ines w ith  good records of 
production, b u t like so m any  old m ines in 
the K ootenays, u n til recen tly  no a tte m p t 
has been m ade to  exploit the  m ines to  
anything like th e  ex ten t of the ir 
possibilities. The H azard  group, which 
contains th e  sam e shear zone, is p rac tica lly  
virgin ground. The th ree  properties, w hich 
contain 27 claim s and  fractions, has a 
length of th ree  and  a  half miles on th e  shear 
zone. R ecent developm ent on th e  G alena 
Farm is repo rted  to  have exposed a 
continuous ore-shoot for a  leng th  of 1,200 ft. 
on the bo ttom  level. The H ew itt, which 
has been under developm ent by  the  V ictoria 
Syndicate for th ree  years, w as brough t to  
production early  in la s t year, and  yielded 
the syndicate an  operating  profit of $170,000 
by small-scale operations. The lead con
centrate averaged 300 oz. silver per ton . 
The new com pany will bu ild  a  new mill on 
Slocan Lake and  a tram w ay  to  serve the 
three properties. The old m ills and  old 
tramways will be d ism antled  and  such p a rts  
as are available w ill be used in the  new mill 
and new tram w ay . The V ictoria Syndicate 
and Galena F arm  Mines are tak ing  stock 
in the new com pany for the ir properties, and
400,000 shares are being offered to  th e  public 
to provide funds to  fu rthe r developm ent 
and new equipm ent. The p roducts of the  
mill will be shipped b y  barges to  bins a t 
the Canadian Pacific R ailw ay trac k  and 
thence to  Tadanac. Lieut.-Col. H . H. Yuill, 
British Colum bia rep resen ta tive  for the 
Victoria Syndicate, is p residen t and 
managing d irec to r of th e  Consolidated 
company.

The Consolidated Mining and  Sm elting 
Company of C anada has brough t th e  capacity  
of its Sullivan mill up  to  6,000 tons per day. 
During last year th e  m ill trea ted  1,484,487 
tons, as com pared to  1,248,500 tons in the 
previous year, and  th e  St. Eugene mill 
treated  17,856 tons of Sullivan ore and 
219,339 tons of old tailing. The com pany 
estim ates th a t  there  still is some 60,000 tons 
of old ta ilin g  to  be pum ped from  Moyie 
Lake, and  th a t  w hen th is  has been trea ted  
the earnings from  the  trea tm e n t of the  old

ta iling  will have paid  for th e  p la n t and  
yielded the  com pany a  profit of half a  million 
dollars to  boot. The St. E ugene mill, w hich 
was closed for several weeks on account of 
the  severity  of the  w eather, is again running  
a t  capac ity  on Sullivan m ine ore. W hen 
th e  ice on Moyie L ake has m elted, tre a tm e n t 
of the  old tailing  will be resum ed.

The Consolidated C om pany’s annual 
report, w hich w as tab led  a t  the  annual general 
m eeting on A pril 10, is replete w ith  in teresting  
inform ation abou t th e  doings of th e  com pany 
in  B ritish  Columbia, and  elsewhere in 
Canada. A t th e  sm elter, th e  com pany added  
an  electro ly tic gold refinery, and  now 
separates th e  p la tinum  and  palladium  m etals, 
the reby  getting  a  sligh tly  higher price for 
its  gold an d  a t th e  sam e tim e m aking a 
sm all production  of p la tinum  and  pallad ium  
m etals. In  D ecem ber it  m ade its  first 
production  of b ism uth , and  th is  m etal which 
in the  p as t has been found objectionable will 
in fu tu re  constitu te  a  valuable by-product. 
The electrolytic cadm ium  p la n t was b rough t 
to  p roduction  and  246 tons of bars and  
pencils of high-grade cadm ium  were 
produced. The m ark e t conditions, th e  
repo rt sta tes, w arran t an  extension of th e  
p lan t, which now has a  capac ity  of f  ton  
daily. The com pany already  is producing 
superphosphate fertilizer, and  now it is 
tu rn ing  its  a tten tio n  to  th e  various processes 
for m aking  am m onia from  atm ospheric 
n itrogen and  is searching for a  deposit of 
p o ta sh  w ith  a  view to  producing a  series 
of balanced fertilizers. I t  is providing 
prospectors w ith  sam ples of th e  com mon 
potassium -bearing m inerals, and  offers to  
m ake analyses of any  sam ples sent in w ithout 
charge. A sm all am ount of exploration  in 
th e  Rossland m ines failed to  discover any  
new ore. The w ithdraw al of p illars and  clean 
up of old stopes in th e  Le R oi resu lted  in 
the  production  of 13,886 tons of sm elting 
grade of gold-copper ore. A t th e  Coast 
Copper p ro p erty  developm ent by  drifting, 
cross-cutting, and  diam ond drilling on th e
1.200 and  1,000 ft. levels was continued 
w ith  sa tisfac to ry  results, though  w ork on 
these levels n o rth  of th e  m ain  winze failed 
to  indicate th e  dow nw ard continuation  of 
th e  n o rth  ore-shoot to  those levels. The 
south  drifts on b o th  levels found com m ercial 
ore-shoots, which, however, have n o t y e t 
been correla ted  w ith  those on th e  800 ft. 
level. The power p lan t a t  R aging R iver 
was enlarged by  th e  add ition  of a  150 kw.
2.200 volt generator ; a  new  double-draw n
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electric ho ist was erected  a t th e  m ine, and  
electric hauling  equipm ent was transferred  
from  Rossland mines. A t th e  Big M issouri 
m ine th e  P rovince tunne l was ex tended  
2,155 feet and  476 feet of cross-cutting  and  
d rifting  w as done from  it. The m ain  tunne l 
and  diam ond drilling ind icate a  sheared 
zone some 500 ft. wide, carry ing  a  large 
num ber of q u artz  and  calcite stringers w ith  
a  v arie ty  of dissem inated m ineralization , 
including iron, copper, lead, an d  zinc 
sulphides, w ith  occasional free gold. A 
p rom inent stringer w ith  a  fair average 
b u t very  variab le gold values was found 
a t approx im ate ly  1,700 ft. from  the  porta l. 
D rifting  n o rth  and  south  on th e  stringer 
showed th e  sam e m ineralization  an d  some 
spectacu lar gold specim ens, b u t no well- 
defined shoot w as opened. F ree gold has 
been found in several sections in th e  crosscut 
betw een footages 1,630 and  1,809, b u t 
fu rth e r  developm ent is necessary before 
tonnage and  grade can be determ ined . 
Surface exploration  on the  P rovidence claim  
ind icated  com m ercial ore a t  several po in ts , 
b u t i t  has been im possible to  correlate 
these w ith  discoveries in th e  tunnel. A t 
th e  George group diam ond drilling failed to  
find th e  dow nw ard extension of veins 
opened a t  the  surface, b u t holes from  a  new  
sta tio n  found copper values, b u t no  gold, 
over m ineable w idth . D uring th e  cu rren t 
year i t  is hoped th a t  th is  vein  m ay  be traced  
fu rth e r down th e  m ounta in , where i t  can be 
opened by  ad it or tunnel. H ydrau lic  w ork 
a t B oulder Creek, near A tlin , ind icated  th e  
approach  of th e  heading  to  p ay  gravel and  
con tac t w ith  bed-rock, so th e  p rospects for 
p rofitab le operation  during  th e  cu rren t year 
are  few. D evelopm ent w as con tinued  w ith  
prom ising resu lts  on th e  group of claim s 
located  la s t year on Bower Creek, a  tr ib u ta ry  
of th e  F in lay  R iver. Ores of lead, zinc and  
copper w ere found over a  large area. The 
snowfall is light, and, w ith  th e  exception  of 
th e  long d istance from  tran sp o rta tio n , con
ditions for m ining are favourable. Of th e  
several p rospects u n d er op tion , th e  m ost 
prom ising seems to  be th e  E m era ld  group, 
on Sibola M ountain, w hich orig inally  was 
located  by  th e  la te  Jam es Cronin. The 
Cronin ad it was ex tended  160 feet, and  a cross
cu t a t  th e  face exposed 11 ft. of ore w ith o u t 
defining the  walls. The values are in lead 
an d  zinc, w ith  copper here an d  there . Zinc 
predom inates on th e  hang ing  an d  lead  on 
th e  footwall. Surface trench ing  located  th e  
vein 400 ft. below  th e  C ronin tunne l, and

an ad it was s ta rte d  a t th is  po in t, b u t a  heavy 
fall of snow p u t an  end to  operations before 
an y  definite resu lt was ob ta ined . Develop
m ent will be con tinued  th is  year. Explora
tion  will be con tinued  on ab o u t a  score of 
o ther p roperties th a t  th e  com pany has under 
option. The fac t th a t  th e  value of the com
p a n y ’s o u tp u t for 1928, $34,426,849, was 
m ore th a n  half of th e  m ineral production 
of B ritish  Colum bia, is sufficient excuse for 
th is  leng thy  review  of th e  report.

Mr. Lewis P . Larsen, presiden t of the 
P end  Oreille L ead & Zinc Com pany, has 
announced  th a t, sub ject to  ratification  at an 
ex trao rd in ary  general m eeting  to  be held 
on A pril 30, th e  com pany is to  be re-organized 
under the  nam e of P end  Oreille Mines & 
M etals Com pany, and  th a t  financial arrange
m en ts have been m ade for th e  erection of 
a  2,000 ton  co ncen tra to r and  an  electrolytic 
zinc p lan t, for w hich th e  r ig h ts  of the Tainton 
process have been secured, to  tre a t Pend 
Oreille an d  Reeves M cDonald ores. The 
presen t com pany has 1,000,000 common and
400,000 7%  preferred  shares outstanding. 
The preferred  stock  will be retired  for 
$475,000 cash. The ow ners of common are 
to  receive share for share for th e ir  stock and 
each share will have th e  righ t to  buy one 
share of new  stock  a t  $5. The new  company 
also w ill acquire 1,200,000 shares of Reeves- 
M cDonald in exchange for shares in Pend 
Oreille Mines and  M etals. The sale of those 
shares th a t  are n o t tak en  by  presen t share
holders has been guaran teed . The first 
1,000-ton u n it of th e  concen tra to r will be 
in operation  b y  Septem ber, 1930. Tests 
th a t  have been m ade ind icate th a t ores 
from  P end  Oreille an d  Reeves-M cDonald will 
yield 150 lb. of zinc an d  50 lb. of lead per 
ton . M ining and  m illing cost is estim ated at 
$2 per ton , and  th e  trea tm e n t of th e  resulting 
zinc concen tra te  a t  $15 per ton . After 
allow ing for freight an d  m arketing, the 
p rom oters es tim ate  th a t, w ith  a  1,000-ton 
mill, th e  profits of th e  com pany will reach 
$3,106,000 per year. The provisional 
d irectors of th e  new  com pany  are Lewis P. 
Larsen, president, an d  J .  Jenson , secretary- 
treasu rer of P end  Oreille L ead & Zinc 
Com pany ; U. C. T aun ton , d irec to r of Evans- 
W allow er Lead C om pany ; Duncan 
M cIntosh, p residen t of S ally  Mines ; Lieut- 
Col. H . H . Y uill, p residen t Reeves-M cDonald 
Mines ; and  W. A. W itherspoon, president 
U nion Securities C om pany, of Spokane. 
A t th e  tim e of th e  prom otion of Reeves- 
M cDonald Mines b y  V ictoria  Syndicate, of



London, L. P. Larsen acquired for the  Pend 
Oreille Lead & Zinc Com pany 1,200 shares 
at .33-if cents per share, and  set aside 40,000 
shares in P end Oreille, a t  a nom inal value 
of $10, to  pay  for them . These ev idently  
are the shares now to  be exchanged.

T O R O N T O
A p ril  18.

P o r c u p i n e .— The o u tp u t of bullion from  
this field during M arch was valued  a t 
$1,587,601, showing a  gain as com pared 
with February , a lthough lower th a n  the  
January  production. The o u tp u t of Hollinger 
Consolidated continues low, b o th  as regards 
the tonnage trea ted  an d  th e  recovery. 
Its mill is equipped to  handle 8,000 tons a 
day, b u t th a t  objective has never been 
approached. In  1928 th e  average daily  
tonnage was 5,081, w ith  a recovery of $5'98, 
a considerable falling off from  th e  previous 
year when an average of 6,050 tons were 
handled w ith an average recovery  of $6'64. 
The M cIntyre Porcupine is m aking  good 
headway w ith  its  com prehensive scheme of 
development betw een th e  3,000 an d  4,000 ft. 
levels. The plan has been adop ted  of driving 
from the  south-w est to  th e  n o rth -eas t 
corners of the  p roperty , and  to  prospect the  
ore zone by  crosscuts and  d iam ond drilling 
from the m ain shaft. This is being done on 
every th ird  level, m ain  d rifts being 375 ft. 
apart. Favourable resu lts of underground  
development in  th e  greenstone form ation 
at depth  have considerably im proved 
the position of th e  Dom e Mines. P roduction  
is increasing, th e  o u tp u t for M arch being 
$361,767 as com pared w ith  $316,143 in 
February, and  $310,362 in M arch, 1928. 
The mill of th e  V ipond trea ted  over 9,000 
tons during M arch, w ith  a  recovery  of slightly  
over $75,000. The new  orebody which, was 
discovered on th e  seventh  level last sum m er, 
and has since been cu t on four o ther levels, 
is developing satisfactory . On the  200 ft. 
level a crosscut is being run  tow ards th e  
Hollinger boundary  to  pick up  a  rich  vein 
coming in from  th a t  p roperty . The R ypan  
Porcupine Mines, L td ., which owns a 
property th ree m iles sou th-east of the  
Hollinger, has le t a  co n trac t for extensive 
diam ond drilling.

K i r k l a n d  L a k e . — The yield of the  
K irkland I.ake area  shows a  steady  increase 
each m onth . The M arch o u tp u t of bullion 
being $1,196,959. The Lake Shore is p re 
paring to  increase th e  capac ity  of its  mill , a t

p resen t 1,200 tons a  day, to  a t least 2,000 tons. 
The mill building will have to  be enlarged to  
p erm it th e  in sta lla tion  of new  tu b e  mills and 
filters an d  several surface changes will be 
necessary, an d  it  will be a  year or m ore 
before th e  enlarged m ill will be ready  for 
operations. In  view of th e  resu lts of recent 
underground developm ents th e  official es ti
m ates  of th e  value of th e  ore reserves a t 
$125,000,000 m ade some tim e ago is regarded 
as considerably below th e ir  p resen t value. 
A t th e  T eck-H ughes th e  shaft is being 
p u t down to  th e  3,000 ft. level, and  six 
new  levels are being opened up  a t dep th . 
S inking is being continued to  a dep th  sufficient 
to  perm it the  runn ing  of five additional 
levels. W ith  th e  increased tonnage rendered 
availab le b y  th is  developm ent it is under
stood th a t  an  en largem ent of th e  m ill is 
con tem plated , a lthough no  definite decision 
has been announced. P roduction  a t p resen t 
is being m ain ta ined  a t $100,000 a  week. 
The W right H argreaves has considerably 
im proved its  position by  im p o rtan t d is
coveries of high grade ore on th e  east claim 
a t th e  1,250, and  1,375 ft. levels. Two new 
veins a t th e  1,750 ft. level are being opened 
up  and  prom ise to  yield a  large tonnage of 
m edium  grade ore. The S ylvanite will sink 
a shaft near th e  W right H argreaves boundary  
ab o u t 2,000 ft. from th e  m ain  shaft to  
encounter a rich vein crossing in from  W right 
H arg reaves a t  a  dep th  of 850 feet, which 
shows ore bearing from  $10 to  $14 per ton  
over a  w id th  of over 12 feet. A t th e  Telluride 
p repara tions are going forw ard for the  
in sta lla tion  of th e  new  mill, m achinery  for 
w hich has arrived  on th e  ground. The pow er 
transm ission line is under construction  and  
electric energy will be available by  th e  
tim e th e  mill is com pleted. The A m ity 
Copper m ine, which has been m aking ship
m en ts of ore to  th e  N oranda sm elter, has 
opened up  a  vein of m edium  grade on the  
600 foot level. W ork is being actively  
carried  on a t  th e  B arry-H ollinger, Bidgood, 
R itchie, M urphy and  o ther properties which 
have n o t y e t reached  th e  production  stage.

S u d b u r y  D i s t r i c t . — I t  has been definitely 
decided th a t  the  copper custom s refinery to  be 
b u ilt by  the  Consolidated M ining and  Sm elting 
Co. and  th e  In te rn a tio n a l N ickel Co. of 
C anada in conjunction  w ith  o ther in te rests  
will be erected  a t  Copper Cliff and  no t in 
th e  Province of Quebec as originally proposed. 
I ts  cost is es tim ated  a t  $4,000,000, and  it 
will have an  in itia l capac ity  for refining
120,000 tons of copper annually . I t  will
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em ploy ab o u t 600 m en an d  u tilize 6,000 h.p. 
electric energy. C onstruction will be s ta r te d  
a t  once, and  th e  new  refinery will be com 
p leted  and  operating  in eighteen m onths. 
S teady  progress is being m ade w ith  th e  
developm ent of th e  F rood  m ine, an d  w ith  
th e  construction  of th e  mill and  new  Copper 
Cliff sm elter of th e  In te rn a tio n a l Nickel. 
The mill is being designed for a  capac ity  
of 5,000 to n s ; in addition  3,000 tons of 
sm elting ore will be m ined, m ak ing  a  to ta l 
of 8,000 tons of ore a  d ay  to  come from  
th e  mines. The mill will be designed to  
perm it of th e  easy separation  of th e  p a r ts  
of the  copper ore, w hich will be converted  
d irectly  in to  b lister copper, in stead  of in to  
m a tte , as a t  p resen t. The T readw ell Y ukon 
is carry ing ou t an  extensive developm ent 
program m e, w hich includes th e  sinking of 
th e  th ree  shafts  to  th e  1,500 ft. level, an d  
connecting th e  to p s of these shafts , w ith  
a  surface electric railw ay, w ith  th e  mill, 
and  o ther surface p lan ts. D uring  th e  year 
1,081 tons of copper concen tra tes were 
produced. P reparations are being  m ade to  
deepen th e  L evack Mine of In te rn a tio n a l 
N ickel b y  sinking th e  shaft to  th e  840 ft. 
horizon giving tw o ad d itio n a l levels. The 
M cV ittie-G raham , th e  shaft of w hich has 
reached  th e  250 level, is in stalling  a  new  
m ining p lan t. The Falconbridge is rap id ly  
pushing developm ent, an d  th e  sh a ft is now 
down 627 feet, and  la te ra l developm ent is 
going forw ard. D iam ond drilling during  th e  
w in ter on th e  Verm illion L ake p ro p erty  
of the  S udbury  B asin has proved up  an  ore- 
body  1,500 ft. in  leng th , b y  a  w id th  vary ing  
from 20 to  100 feet, w ith  a  dow nw ard co n tin u a
tion of 500 feet. Two d iam ond drills will be 
kep t in operation  during  th e  sum m er to  
determ ine th e  ex ten t of th e  deposit. The 
S udbury Nickel an d  Copper Co., a  subsid iary  
of the  S udbury  Basin, w hich has 10,000 
acres of land  in  th e  d is tric t, has le t several 
con tracts for d iam ond drilling.

R o u y n .— The annual rep o rt of th e  N oranda 
Mines, L td ., for 1928 show opera ting  profits 
of $3,018,247, th e  sm elter tre a te d  271,926 
tons of ore flux an d  concentra tes, an d  p ro 
duced 33,307,937 lb. of b lis te r copper. The 
ore reserves as of Ja n u a ry  16 are es tim a ted  a t
3.097.000 tons w ith  a  gross value of 
$99,340,000. The program m e of expansion  
includes the  sinking of th e  4 th  sh a ft to
1.000 ft. level, in connection  w ith  w hich a 
com plete crushing p lan t will be installed , 
and  o ther additions to  th e  equ ipm en t w hich 
it  is expected will p u t th e  m ine a n d  sm elter

in condition to  hand le  betw een  1,600 and
2,000 to n s p e r day. The W aite-M ontgom ery 
is sh ipping an  average of ab o u t 4,000 tons 
a  m o n th  to  th e  sm elter. O perating  profits 
du ring  F eb ru a ry  am o u n ted  to  $62,896. 
The G ran ad a  R o uyn  has encountered  rich 
ore a t  th e  625 ft. level, a n d  a  te s t  mill will 
be in sta lled . T he A lderm ac has opened 
up  tw o im p o rta n t lenses of ore on the 
500 foot level. An electric ho ist has been 
ordered  capable of ca rry ing  operations to a 
d ep th  of 2,000 feet. T he A m ulet which has 
m ade considerable add itions to  its ore 
reserves b y  recen t developm ent will erect a 
concen tra ting  m ill w ith  a  capac ity  of 300 
tons daily . A cam paign  of surface explora
tion  and  d iam ond drilling  on sections of the 
p ro p erty  w here geological conditions are 
favourab le has been arranged . The 
Thom pson Cadillac h as  encountered  good 
ore on th e  150 f t. level w hich had  been 
opened  up  for 48 feet. N um ber 2 shaft 
is being deepened, and  will be connected 
w ith  N um ber 1 shaft a t  th e  150 ft. level.

P a t r i c i a  D i s t r i c t . — T here will be much 
ac tiv ity  in th is  field during  the  coming 
sum m er, as m an y  com panies have brought 
in large q u an titie s  of m ach inery  and  supplies 
over th e  w in te r roads. In te re s t is mainly 
cen tred  on th e  Shoniah area, w here several 
o ld-established com panies have  secured 
claim s. The S u d b u ry . B asin has secured 
several g roups of claim s, and  th e  Lindsley 
in te rests  of New Y ork  have  taken  over 40 
claim s or ab o u t 1,500 acres. Some further 
r ich  discoveries have  been m ade on the pro
p e r ty  of th e  N orthern  A erial M ineral Explora
tio n  Com pany, on w hich th e  original Shoniah 
find w as m ade. A t th e  B a th u rs t in the  Woman 
L ake area  a  sm all te s t m ill is in operation, 
an d  some fu rth e r  discoveries of high grade 
ore have been m ade. The H ow ey Gold Mines, 
L td ., of R ed L ake, w hich is preparing to 
in s ta ll a  500 to n  mill, has closed an  advan
tageous co n tra c t for pow er w ith  the  Ontario 
H ydro  E lectric  Pow er Commission. It 
w ill receive a  m in im um  of 2,000 h.p. for the 
life of th e  m ine, a t  th e  annual ra te  of $25 
per h .p . I t  will tak e  ab o u t a  year to  have 
th e  m ill ready  for operation , by  which time 
th e  pow er will be available.

T h e  S i l v e r  M in e s .— Silver production 
has been on th e  decline for some tim e as 
m ost of the  Cobalt m ines h ave been exhausted, 
and  there  have been b u t few new discoveries. 
The N ipissing of C obalt how ever m aintained 
production  on a  large scale during  1928, 
its  n e t incom e being  $404,440, th e  highest
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figure since 1925. I ts  o u tp u t am ounted  to  
1,909,882 ounces, an  increase of 19,613 ounces 
over the o u tp u t of th e  previous year. The 
ore reserves are becom ing rap id ly  depleted, 
at the close of th e  year th ey  were estim ated  
at 596,000 ounces, an d  in defau lt of fu rthe r 
im portant discoveries th is  y e a r’s estim ates 
will show a  fu rth e r  decline. The com pany 
has taken options on several p roperties 
on other m ining fields. The P aram oun t 
Syndicate operating  in th e  E lk  L ake area 
has begun production , and  is sh ipping high 
grade ore for trea tm e n t. The shaft has been 
put down for 45 feet, encountering tw o veins, 
and the  resu lts have been sufficiently 
encouraging to  induce th e  syndicate to  
order a m ining p la n t capable of operating  
to a depth of 400 feet.

C A M B O R N E
M a y  2.

In  M e m o ry  o f  R i c h a r d  T r e v i t h i c k . —  
It will give m uch pleasure to  th e  large num ber 
of Trevithick en thusiasts  to  learn  th a t  a 
statue of th is fam ous Cornish engineer, by  
L. S. Merrifield, th e  well-known sculptor, 
is to be erected in Cam borne, th e  site chosen 
being the open space in fro n t of th e  free 
library. Full details of the  unveiling, which 
will take place in the  au tum n , are to  be 
announced later.

W h e a l  R e e t h . — The first u n it of the  new 
mill, situated  in close p rox im ity  to  the  L ady  
Gwendolen shaft, an d  connected to  W heal 
Reeth proper by  a  tram w ay , is now in full 
operation on ore w hich is being ob ta ined  
from developm ent w ork in b o th  th e  W heal 
Reeth and L ady  G wendolen sections of the  
mine. The mill is unique, as far as Cornwall 
is concerned, in th a t  the  p rim ary  crushing 
is effected by  m eans of a  Colorado Ball mill, 
which, on the  class of ore produced  a t  th is 
mine, is ap p aren tly  proving en tirely  success
ful. B oth sections of th e  m ine are fully 
equipped w ith  hoisting, air-com pressing and  
pumping m achinery , all electrically  driven. 
The tin  concen tra tes ob ta ined  are of a  very  
high grade, th e  ore contain ing  only a  very  
small am ount of copper pyrites an d  no 
mispickel, th u s  obviating  th e  necessity  of 
calcination. T he w riter hopes shortly  to  give 
a full descrip tion  of th e  operations a t th is 
mine.

W h e a l  V l o w .— G reat su rp rise  h as  bee 
caused by  th e  announcem ent of the  suspension 
of work a t  th is  m ine. I t  is abou t tw o years 
ago th a t  th e  p resen t operations were sta rted  
by th e  L ondon T in  Syndicate, and  although

m uch m oney m ust h av e  been expended on 
surface p la n t an d  eq u ip m en t it is ev iden t 
th a t  very  little  underground  developm ent 
has been carried  out.

A r g u s  C o n c e s s io n s ,  L t d . — In  la s t m o n th ’s 
issue it w as suggested  here  th a t  th e  
above com pany were proposing to  w ork  
th e  W heal A ndrew  m ine. I t  is now ascer
ta in ed  th a t  th e  com pany has ta k en  up  a  
fairly  extensive se tt in  th e  v ic in ity  of th e  
fam ous old G w ennap U n ited  mines, an d  th a t  
th is  se tt includes, am ong o ther lodes, those of 
W heal Andrew . W ork  is no t, however, 
being carried  out, a t  present, in th e  W heal 
A ndrew  section, b u t on a  v e ry  large an d  
in teresting  tin -bearing  form ation  w hich comes 
to  surface in  ano ther po rtion  of th e  se tt, 
and  in w hich an  old a d it is being cleaned out 
w ith  a  view to  exam ining th e  deposit a t  a 
lit tle  g rea ter dep th . Messrs. R . C. N. 
R obinson an d  Co. are th e  m anagers to  the  
com pany.

W h e a l  K i t t y . — W heal K it ty  m ust now 
be regarded  as one of th e  chief p roducing 
m ines in  C o rn w all; during  th e  m on ths of 
Ja n u a ry , F eb ru ary  an d  M arch of th is  year 
th e  sales of b lack tin  am ounted  to  42 tons, 
55 tons, and  51 tons respectively. T his 
m akes p leasan t read ing  for those who believe 
in th e  fu tu re  of th e  S t. Agnes m ining d istric t.

C o r n i s h  I n s t i t u t e  o f  E n g i n e e r s . — The 
annual m eeting  of th e  Cornish In s titu te  of 
Engineers was held  a t  C am borne in  A pril 6. 
Mr. Jo seph  Vile, of Troon, a t  one tim e 
connected w ith  th e  Grenville U n ited  mines, 
was elected P residen t for th e  ensuing year. 
I t  was announced, a t  th is  m eeting, th a t  th e  
Mines D ep artm en t h ad  definitely refused th e  
request of the  Cornish Societies backed  by  
th e  In s titu tio n  of Mining an d  M etallurgy, 
for financial and  o ther aid  in th e  collection 
and  storage of old m ining records and  plans. 
I t  is difficult to  see th e  reason for th e  refusal 
particu la rly  w hen one reads from  th e  repo rt 
of th e  “ D ep artm en ta l C om m ittee on th e  
P reven tion  of D angers in  Mines from  
A ccum ulation of W ate r ” a  sentence as 
follows : “ I t  is seldom  th a t  records have 
been preserved to  enable old p lans to  be 
checked and  verified.”

C a s t l e - a n - D i n a s . — M ention w as m ade of 
th is  in te resting  developm ent in  th e  M a g a z in e  
for F eb ruary . T he se tt is an  extensive 
one, and  is s itu a te d  on Castle-an-D inas 
h ill in th e  parishes of L udgvan  and  G ulval 
near Penzance. The p resen t owners have 
carried  ou t sinking and  driv ing operations 
on a  m ost prom ising lode on w hich th e
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“ old m en ” w orked to  a  very  sm all ex ten t 
in th e  early  p a r t of th e  la s t cen tu ry . This 
lode is from  3 to  5 feet wide, and  gives 
excellent assay values over th e  full w id th  
exposed.

R e p o r t  o f  t h e  R a d iu m  S u b - C o m m it te e ,  
1929.— The rep o rt of th e  R adium  Sub-Com 
m ittee  w hich w as appo in ted  in  Ju ly  la s t 
y ear b y  th e  C om m ittee of Civil R esearch, 
is now availab le to  th e  public. T he object 
of th e  Sub-C om m ittee was “ to  exam ine th e  
rad ium  requirem ents of G reat B rita in  in 
rela tion  to  th e  presen t sources of s u p p ly ” 
A fter read ing  th e  rep o rt i t  becom es ap p a ren t 
th a t  th e  C om m ittee see no possib ility  of 
th e  Cornish rad ium  supplies being developed. 
I t  is s ta te d  th a t  th e  Cornish ores are of 
low grade and  of insufficient q u a n tity , b u t 
it  seems rem arkable th a t  th e  to ta l o u tp u t 
of rad ium -bearing  ore from  Cornwall has 
been om itted . I t  m igh t be in te restin g  to  
po in t ou t th a t  over 600 tons of u ran ium  ore 
were ac tua lly  sold from  a  few m ines n ear 
St. A ustell during  th e  la tte r  p a r t  of la s t 
cen tury . In  Cornwall, only th e  S outh  
T erras m ine has been explo ited  solely for 
u ran ium  ore, an d  from  m an y  o ther m ines 
q u an titie s  of such ores were d iscarded  as 
useless.

W r a y  M in e ,  D e v o n s h i r e . — D evelopm ent 
w ork is being carried  ou t a t  th is  m icaceous 
h em atite  m ine, s itu a te d  n ear M oretonham p- 
s tead  in  M id-Devon. I t  is understood  th a t  
crushing and  concen tra ting  p la n t w ill soon 
be in operation . The local nam e for 
m icaceous h em atite  is “ sh iny  ore.”

F a l l  i n  P r i c e  o f  T i n .— The fall in th e  
price of tin  is viewed w ith  g rea t an x ie ty  
in Cornish m ining circles, it being ev iden t th a t  
p ractically  none of th e  local m ines can be 
m aking a  profit w ith  th e  m e ta l a t £200 per 
ton . In  th e  case of S ou th  C rofty, a n d  of 
E as t Pool, th e  rise in th e  price of w olfram  
will, to  a  certa in  ex ten t, co u n te rac t th e  
adverse effect of th e  d rop  in  th e  price of 
tin . W olfram  is now  ab o u t £1 9s. p e r u n it 
(W 0 3), th is  being p rac tica lly  double th e  
price ob ta in ing  six m on ths ago.

W h e a l  C o a t e s .—This mine, which is 
situated on the cliffs between the Beacon 
and Chapel Porth in the parish of St. Agnes, 
is to be reopened. The last working was 
just prior to the war. The lode, or “ mineral
ized zone ” at Wheal Coates, although of 
low grade, is of considerable size and contains 
very little mineral which requires calcination. 
The ore should consequently be mined and 
concentrated cheaply.

PERSONAL
W. L. B a y l e y  h as been elected  a  director of 

th e  B a lag h at and  N undydroog  com panies, with 
b o th  of which he has been associated  for m any years.

F. O 'D . B o u r k e  h a s  left for Nigeria.
J .  C o g g i n  B r o w n  is  hom e from  B urm a.
E d w a r d  B u s h i n g  is hom e from  Nigeria.
H a r r y  B u s h i n g  i s  h o m e  f r o m  N ig e r i a .
L .  M a u r i c e  C o c k e r e l l  h a s  r e t u r n e d  f r o m  T e x as .
A r t h u r  D i c k i n s o n  has re tu rn ed  from New 

G uinea.
A . G . G l e n i s t e r  is hom e from  th e  S tra its .
R o ss B. H o f f m a n n  h a s  re tu rn ed  from  California,
C h a r l e s  J a n i n  is hom e from  San Francisco.
F. H . B. L eggett has re tu rn ed  from  Panama.
S t a n l e y  L o w  has re tu rn ed  from  Panam a.
M a l c o l m  M a c l a r e n  has le ft for Bolivia.
Jo s . M i l l e r  has, owing to  ill-health , resigned 

th e  m anagem ent of th e  S to ry ’s Creek (Tas.) Tin 
and W olfram  m ine, a f te r  a  te rm  of 14 years.

W . M u r r a y  h a s  le ft fo r B urm a.
N. E . O d e l l  will be here in  Ju n e  on his way to 

S candinavia. H is address d u ring  th e  period June- 
Septem ber will be c/o The A lpine Club.

C. E .  P r i o r  has left for W estern  A ustralia.
H o r a c e  P. R o b e r t s o n  a n d  H u g h  S a n d y s  h av e

tak en  offices a t  New B road  S tree t House, London, 
E.C. 2, acting  as consulting  engineers.

C h a r l e s  S a l t e r  le ft Singapore early  la s t month 
on vaca tion . Mr. S a lte r is trave lling  homewards 
v ia  C anada and  th e  U.S.A. an d  expects to  arrive 
in London tow ards th e  end of June.

D. A. S u t h e r l a n d  h as re tu rn ed  from  Egypt and 
th e  N ear E ast.

W . W . V a r v i l l  has been  app o in ted  lecturer on 
m etal m ining a t  B irm ingham  U niversity .

B e r n a r d  W i l k i n s o n  is here  from  th e  Straits, 
h is L ondon  address be ing  care of H arrisons and 
Crosfield, L td ., 1 to  4, G reat T ow er S treet, E.C. 3.

A. H o w e l l  W i l l i a m s  h a s  left for Peru.
J . H . G. W i l s o n  is leav ing  on th e  18th for 

Colombia.

F e l i x  A v e l i n o  A r a m a y o ,  th e  p rom oter of the 
A ram ayo C om pany, has d ied  a t  B iarritz .

H a r o l d  B e n d i x s o n  died on April 19 a t  Willian, 
H erts, a t  th e  age of 71. H e was form erly vice- 
chairm an  of H am b ro s B ank  an d  chairm an of 
Clim ax R ock Drill and Engineering  W orks, Ltd.

TRADE PARAGRAPHS
The old-established firm of C u t t e n  B r o th e r s  

has been ta k e n  over by  Jo h n  D uncan, who will 
con tinue  to  carry  on th e  business as heretofore.

R o b e y  a n d  C o .,  L td . ,  of Lincoln, issue a cata
logue devoted  to  electric w inding engines, which 
is fu lly  illu stra ted  w ith  ty p ica l installations of 
th e ir  m anufacture  and  em phasizes th e  special 
featu res th a t  characterize  them .

T h e  D o r r  C o . ,  L td . ,  have  rem oved to  Abford 
House, W ilton R oad , London, S.W . 1 (opposite 
V ictoria  S tation), where on one floor th ey  have 
acquired offices sufficient fo r p resen t and  contem
p lated  staff expansion consequent upon steadily 
w idening activ ities.

T h e  S t r e a m - L i n e  F i l t e r  C o . ,  L td . ,  of 45, 
H orseferry R oad , L ondon, S.W . 1, have secured 
a n  im p o rtan t o rd e r for filter p lan t to  deal with
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transform er and  sw itch oils from  th e  Central 
Electricity B oard for use a t  each of th e  13 s ta tio n s 
included in th e  C entral Scottish  G rid Scheme. 
Readers will recall a descrip tion  of th is  filtration  
principle which appeared  in  our issue of M arch, 
1928.

Sandycro f t ,  L td . ,  of 4 B road S tree t Place, 
London, E.C. 2, issue p am phle ts Nos. 63/29 and 
64/29. The first describes crushing rolls of th e ir 
own special design w ith  deta ils of th e ir  du ties and 
methods of drive ; and th e  second jaw  breakers, 
including Bigelow and  B lake crushers, and 
sectionalized crushers of e ith e r design. These last 
are specially m ade for overcom ing tran sp o rt 
difficulties.

C ro ss ley  B r o s . ,  L td . ,  of Openshaw, M anchester, 
have issued a leaflet describing th e ir  compressor- 
less Diesel engines of 110 b.h. p., four cylinder vertical, 
and four stroke. A special feature  is th a t  th e  
main moving p a rts , including all th e  valve gear, 
are totally  enclosed, easy access to  c rankshaft and 
connecting-rod bearings being by  w ay of large 
inspection doors, while, as to  th e  top , large sem i
hinged cover p lates are fitted.

A s k a n ia -W e rk e  A .G . ,  Bam bergw erk, 87 to  88, 
Kaiserallee, B erlin-Friednau, publish a booklet on 
Eotvos-Schweydar torsion balances w ith  an am ple 
and fully illustra ted  description of th is  in strum en t, 
together w ith  some d a ta  as to  th e  calculations 
involved in its  uses and exam ples of its  em ploym ent. 
Another booklet issued deals w ith  flow m eters 
for compressed a ir  and gases of bo th  fixed and 
portable types together w ith  all accessory m easuring 
instruments.

S u l l iv a n  M a c h i n e r y  C o m p a n y ,  of Salisbury 
House, London, E.C. 2, have issued a catalogue of 
their diamond drill equ ipm ent and  supplies w hich 
contains, w ith  illu stra tions and tab u la r  m atte r, 
full inform ation as to  all th e  requ irem ents of th e  
diamond driller. They also issue sep ara te ly  some 
particulars abou t th e  sale of these  drills, which las t 
year exceeded previous ones. A case is cited  of a 
drill in A lberta  w hich brought in an oilwell a t  a 
depth of 5,040 f t . aga in st a  pressure of 4,000 lb. 
per sq. in.

H a d f ie ld s ,  L td . ,  of E as t H ecla W orks, Sheffield, 
send us as usual a well illu stra ted  re p rin t of th e ir  
Chairman’s speech a t  th e  A nnual General M eeting, 
which publication  ab ly  reflects th e  m anifold 
activities of th is  great firm. The rep o rt and balance 
sheet for th e  year to  D ecem ber, 1928, shows an 
increase by  ¿4,000 in th e  carry  over, a lthough  no 
increase in d iv idend ra te  w as found possible. 
Sir Robert Hadfield, in his su rvey  of th e  p a s t year, 
dealt inter alia w ith  trad e  conditions in th e  country , 
the developm ent of th e  B ritish  E m pire, peace in 
industry, scientific progress, th e  high-frequency 
electric induction furnace for steel m aking, develop
ments in th e  firm 's “ E ra  ” and  “ H ecla ” heat- 
resisting steels, and Bean cars.

M enck a n d  H a m b r o c k ,  G.M.B.H., of A ltona, 
Hamburg (London Office : 175/6, W indsor House, 
Victoria S treet, S.W. 1), issue B ulletins 293 and 
307 devoted respectively to  q u a rry  shovels and to  
universal steam  shovels, models I I I —V II. The 
latter comprise shovels w ith  capacities of J, 1J, 2, 
3, and 4J cu. yd. E x cavato rs are also m ade for 
electric or Diesel m otor drives. A feature  is th e  
comparative w id th  of th e  caterp illar track s for 
prevention of sinking in  soft ground. An 
interesting com parison of specific pressures on 
the ground is furnished. Thus, a 3 cu. yd. m achine

when travelling  exerts a pressure of 15 6 lb. per 
sq. in. ; b u t w ith  th e  boom  over th e  corner of the  
caterp illa r tread  and th e  d ipper w orking in  the  
m ost advanced position , w ith  th e  g reatest pul! on 
its  te e th  th is  figure becomes 35 lb. per sq. in. 
A lis t is furnished of some 470 users in a varie ty  
inndustries th roughou t th e  world.

I n t e r n a t i o n a l  C o m b u s t i o n ,  L td . ,  G r i n d i n g  
a n d  P u l v e r i z i n g  O f f ic e s ,  of 11, S outham pton  
Row, London, W .C. 1, rep o rt th a t  new orders have 
been received for th e  following equipm ent : For
E ngland : One 8 f t., ty p e  39, tandem  H um -m er 
screen and one 4 ft. by  5 f t., ty p e  39, 1-surface 
H um -m er screen for sand and g ra v e l; one 8 f t., 
ty p e  39, 1-surface tan d em  H um -m er screen for 
am m onium  s u lp h a te ; one 3 ft. b y  3 ft. 6 in., ty p e  39,
1-surface “  Bulldog ” H um -m er screen for w et 
coal ; one 4 f t. by  7 f t ., ty p e  39, single-body tandem  
H um -m er screen for c o a l ; one 4 f t. b y  5 ft., 
ty p e  37, 2-surface H um -m er screen for lim estone. 
Fo r China : One 6 ft. by  48 in. H ard inge pebble 
mill, one H ard inge a ir classifier, one Andrews 
classifier, and  one H ardinge th ickener for lim estone, 
etc. For Jap an  : Two 8 f t ., ty p e  39, 1-surface 
H um -m er screens for t in  ore. Fo r A u s tra l ia : 
One 4 ft. b y  5 f t ., ty p e  39, 1-surface H um -m er 
screen for lead-zinc ore. For F rance : One 5-
roller R aym ond m ill for phosphate  ; one 2-roller 
R aym ond mill for coal ; tw o 6 ft. by  22 in. H ardinge 
ball m ills for lead-zinc ore. Fo r I ta ly  : One 7 ft. 
by  36 in. H ardinge ball m ill for coal ; one No. 0000 
R aym ond pulverizer for lev igated  ochre.

A  N E W  L A B O R A T O R Y  
E L U T R IA T O R

A descrip tion  was given in  these  columns in 
N ovem ber, 1927, of th e  Andrews H ydraulic  
Classifier, the  special app lication  of which to  m ining 
classification was fu rth er alluded to  in  February , 
1928. The principles underly ing  th a t  p lan t have 
been successfully applied to  th e  perfection of a 
laboratory  e lu tria to r for accurate  and rap id  
classification (or size analysis) of fines, which is 
a ttrac tin g  a good deal of a tte n tio n  am ong m eta l
lurg ists and  chem ists.

K inetic  E lu tria to rs, L td ., of 11, Southam pton  
Row, London, W.C. 1, who are th e  m anufacturers 
of th e  Andrews classifier, are also responsible for 
th e  design and construction  of th e  appara tus 
described below and illu stra ted  in  th e  accom 
panying sectional sketch.

In  K inetic  E lu tria tio n  th e  force of g rav ity  is 
e ither supplem ented or opposed, as desired, by  
im p artin g  an  in itia l velocity  to  th e  suspended 
particles. The resistance to  th e  m ovem ent of a 
particle  th rough  a fluid is largely dependent upon 
th e  density  of th e  fluid. Since th e  effect of th is  
density  m ay be controlled by th e  construction  of 
th e  apparatus, th is  gives tw o separately  con
tro llable forces, density  and  variable acceleration, 
which, when su itab ly  combined w ith  the  fixed force 
of g rav ity , m ay be used to  cause particles of varying 
w eight and  size to  m ove in  any  desired direction.

These general principles have a lready been 
applied to  the  Andrews classifier, and some of them  
are em bodied in  a new lab ora to ry  e lu tria to r 
which has been designed w ith  a view to  overcom ing 
th e  difficulties in ord inary  g rav ity  e lu triators.

The feed tu b e  "  B ” a t  th e  to p  of th e  in s tru m en t 
is charged w ith  th e  sam ple of powders to  be te s ted . 
T his feed tu b e , w hich has a capacity  of
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ap p ro x im ate ly  60 cc. is com pletely  filled so as to  
be en tire ly  free of a ir  bubbles. W hen placed in  
position  w ith  th e  bo ttom  of th e  tu b e  open and th e  
a ir  v en t “  A ” a t  th e  top  closed th e  solid partic les 
are p rev en ted  from  discharging by  th e  surface 
tension film across th e  m ou th  of th e  feed tu b e  and 
are so re ta in ed  u n til th e  b o ttom  of th e  tu b e  is 
subm erged.

The w a ter flow is s ta r te d  b y  opening th e  in le t 
cock "  N "  a t  th e  bo ttom  of th e  in stru m en t, and

FINE OVERFLOV 

UNCLASSIFIED F ECO

AGGREGATIONS OP PARTICLE. 
DISASSOCIATED BY 

HIGH VELOCITY IMPACT 
AGAINST STATIONARY CONE

[CONSTANT HEAD 0NCLA35IFIEO 
FEED. CONTROLLED BY 
SURFACE TENSION

-RU BBER TUBE WITH PINCHCOCK

^REMOVABLE MEASURING TUBES

0—N  
Ll ♦-WATER INlET

R a p i d  l a b o r a t o r y  e l u t r i a t o r .

th e  velocity  is ad ju s ted  by  m eans of a  screw pinch 
cock on th e  ru b b e r tu b e  connection  to  th e  inlet 
cock. T he correct velocity  is in d ica ted  by the 
he igh t of th e  w a ter colum n in  th e  p iezom eter tube 
“ C .” Three in te rchangeab le  bush  nozzles are 
prov ided  for th e  overflow o u tle t "  O ” which gives 
velocities in  th e  u pper vessel "  H  ” ranging from 
0'2 m m . to  2 '0  m m . p er sec.

W hen th e  p inch  cock has been ad ju s ted  to  give 
th e  req u ired  velocity  th e  a ir  v e n t “  D ” below the 
feed tu b e  is opened m om entarily , th u s  allowing the 
w a ter to  rise and subm erge th e  b o tto m  of the  feed 
tu b e , th e re b y  s ta r tin g  th e  feed. Since th e  upper 
end or m ou th  of th e  feed tu b e  is sealed i t  must 
rem ain  full of w a te r  or th e  o rig inal m ix tu re  of water 
and solid particles. C onsequently  for every  particle 
th a t  falls from  th e  tu b e  a  corresponding volume of 
w a ter m u st rise  to  tak e  i ts  p lace. T his upward 
stream  of w a te r rising  th ro u g h  th e  narrow  outlet 
of th e  feed tu b e  checks th e  dow nw ard descent of the 
solid p a rtic les causing th em  to  fall in  a slow even- 
flowing stream  th ro u g h  th e  an n u la r space between 
th e  top  “  F  ” of th e  cen tra l f ittin g  “ G ” and the 
tu b e  “ E  "  in to  th e  large conical vessel “ H ” 
form ing th e  u pper classifying cham ber.

So long as th ere  are no solid particles in this 
cham ber, th e  e lu tr ia tin g  w a te r  flows p a rtly  through 
th e  narrow  tu b e  form ing th e  axis of the  central 
fittin g  “ G ,” b u t m ain ly  th ro u g h  th e  annular space 
betw een th is  fittin g  and  th e  conical walls of the 
con tainer. T he accum ulation  of solid particles 
collecting in  th is  an n u la r space soon increases the 
den sity  to  such an  e x te n t as to  cause practically all 
th e  w a ter to  flow th ro u g h  th e  tu b e  in  th e  central 
fitting  “  G. ” W hen th is  occurs th e  particles descend 
in  a  s tead y  stream  in to  th e  sm all space between the 
bo tto m  of th e  cen tra l fittin g  “  G ” and the inlet 
"  J  ” from  th e  lower classifying vessel “ L .” They 
are p rev en ted  from  descending th rough  th is inlet 
b y  th e  stream  of w a te r flowing upw ards, and are 
in stead  im m edia te ly  carried  a t  a high  velocity 
th ro u g h  th e  tu b e  in  th e  cen tra l fitting  until, upon 
reaching th e  to p  of th is  tube, th ey  impinge upon 
th e  under side of th e  um brella-shaped top “ F ” 
of th is  fitting , th u s  effectively breaking up any 
aggregations of particles. The coarse and inter
m edia te  sized particles, w ith  any  fine particles 
s till  adhering  to  them , rebound from  im pact and 
are again  p ro jected  downwards w ith  considerable 
ve locity  in to  th e  an n u la r space a t  th e  bo ttom  of the 
conical vessel, w hereas th e  released fine particles 
are carried  upwards in to  th e  enlarged portion of 
th e  vessel, and  upon reaching th e  top  are carried 
o u t and  collected as th e  fine frac tion  of th e  sample 
tested .

I t  will be no ted  th a t ,  in  co n trast to  standard 
g rav ity  e lu tria tion , in th e  K ine tic  Elutriator 
illu s tra te d  all coarse and  in te rm ed ia te  particles, 
also all aggregations of particles, are repeatedly 
sub jected  to  m axim um  im p ac t velocity  shattering 
blows. The liberated  fine partic les are immediately 
carried off to  th e  fine overflow w ith o u t having to 
pass th rough  an  eddying dense m ass of unclassified 
m ateria l. The high ve locity  m om entum , imparted 
to  th e  coarse and  in te rm ed ia te  particles a fter dis
associating im pact, is in  th e  opposite  d irection  to the 
fine overflow carry ing  velocity . As a resu lt of the 
continuous stead y  feed of unclassified material 
th e  density  of th e  overflow is p rac tica lly  constant 
th roughout th e  te s t, and  i t  is unnecessary therefore 
to  m ake any  ad ju s tm en ts  of velocity  to  compensate 
for changing density .



Having ex trac ted  th e  fine particles from th e  
sample, i t  is usually  required  to  sub-div ide the  
residue. T his is done by  first closing th e  in le t 
cock P, w hich allows th e  residue to  descend
into the sm aller d iam ete r classifying vessel 

L.” A t the  sam e tim e , th e  a ir  ven t “  A ” in  th e  
top of the  feed tu b e  is opened, w hich  allows the  
water to  descend w ashing o u t any  s tray  particles 
that may have rem ained in th is  tube. As soon as 
the residue has se ttled , w hich usually  tak es two 
or three m inutes, and  m ay be accelerated by  slightly  
opening the  a ir  v en t cock “ K  ” a t  th e  to p  of th e  
small diam eter classifying vessel, th e  in le t cock is 
reopened (w ithout ad ju s tin g  th e  screw p inch  cock) 
and the te s t continued as before. The in te rm ed iate  
particles are quickly carried by  th e  h igher velocity  
in the small d iam eter vessel “ L ” in to  th e  upper 
conical vessel “ H ,” where th ey  are trap p ed  and 
subjected to  a final washing by continued c ircu la tion  
through and around th e  cen tra l fitting  "  G ."

METAL MARKETS
C o p p e r .—The g reat "  copper bubble ” was 

pricked during A pril and prices cam e down w ith  
a run, standard  cash losing ab ou t ¿17 p er ton  in 
London, whilst in  New Y ork electro ly tic  slid  from 
24 cents to  18 cents pe r lb. H eavy  re-sales by 
overbought consum ers and  operators underm ined 
the m arket, which obviously had  been pushed 
too high previously. Producers are still in  a fairly  
strong position, b u t th e ir  o u tp u t is increasing 
and is likely to  expand still fu rth er in  th e  im m ediate 
future. Meanwhile, m any consum ers have u n 
doubtedly been frightened by  recent price 
developments and  have transferred  to  su b stitu te  
mdtals such as alum inium  where possible. 
Eventually, th e  copper-producing ind u stry  m ay 
feel the adverse effect of th is  m ovem ent.

Average price of cash s tan d ard  copper : April, 
1929, ¿81 2s. 7d. ; March, 1929, ¿89 4s. 4d. ; 
April, 1928, ¿61 14s. Id . ; March, 1928, ¿61 3s. 6d.

T in .— D espite th e  operations of speculators 
credited w ith  “ bullish ” opinions, prices lost about 
¿20 during th e  p ast m onth. C onsum ption is 
excellent, b u t world production , stim u la ted  b y  
the previous price-advances, is obviously in  excess 
of actual needs and th is  underm ines confidence. 
It is rum oured th a t  ano ther group is prepared  to  
take over th e  holdings of th e  p resen t “  bull group ” 
which has been so active  in  th is  m ark e t during 
reCent m onths, and as th e  price now looks fairly  
reasonable i t  is n o t ou t of th e  question  th a t  a  new 
upward m ovem ent could be engineered. However, 
with supply in  excess of dem and and w ith  large 
stocks, both  visible and  invisible, in  existence 
it is obvious th a t  th e  “  bulls ” would have qu ite  
a big task  in  carry ing  o u t any  such plans.

Average price of cash s tan d ard  t in  : April,
1929, ¿206 19s. 7d. ; March, 1929, ¿220 17s. 4£d. ; 
April, 1928, ¿234 6s. ; M arch, 1928, ¿232 16s. 5d.

L e a d .— E arly  in  A pril values developed con
siderable weakness, in  sym pathy  w ith  th e  general 
downward m ovem ent of non-ferrous m etal prices. 
The drop was, of course, n o t unexpected, as th e  
previous feverish advance was obviously unjustified 
by the  position  of th e  m etal. Subsequently, 
consumers began to  tak e  m ore in te res t in  the  
market, as prices looked fairly  cheap, and  a m oderate 
recovery was w itnessed. The undertone was

streng thened  b y  th e  falling-off in  arrivals of fresh 
m etal from  producing countries due to  various 
causes. I t  is possible th a t  th e  gradual im prove
m ent in  th e  basic position  of th is  m arket, which 
was in te rru p ted  by  th e  absurd  speculative cam paign 
during  March, will now be resum ed.

Average m ean price of soft foreign lead : April, 
1929, ¿24 11s. lOd. ; March, 1929, ¿25 9s. l id .  ; 
April, 1928, ¿20 8s. 8d. ; March, 1928, ¿20 2s. lOd.

S p e l t e r . — This m ark e t also declined during 
April, b u t th e  fall was n o t heavy. The ou tpu t- 
restric tion  exercised by  producers na tu ra lly  gave 
th e  s itu a tio n  a  certa in  am ount - of support, and 
th e  decision tak en  by th e  In te rn a tio n a l Cartel 
during  th e  m onth  to  reduce th e  ra te  of restric tion  
from  7 to  5 per cent, revealed th a t  in  th e  opinion 
of m ost spelter producers th e  position  was very  
healthy . Stocks, indeed, are low and m akers are 
of th e  opinion th a t  th ey  could, w ith  advantage, 
be increased, so as to  obviate  th e  risk  of a sudden 
shortage, which m igh t be th e  cause of an  undesirable 
forcing-up of prices. A t th e  p resen t season of 
th e  y ear dem and usually  tends to  expand, owing 
to  an  increase of a c tiv ity  in  building.

Average m ean price of sp e lte r: A pril, 1929,
¿26 13s. 8d. ; March, 1929, ¿27 3s. 5d. ; A pril, 1928, 
¿25 8s. Id . ; M arch, 1928, ^25 0s. 5d.

I r o n  a n d  S t e e l . — A pril was a  good m onth  for 
the  Cleveland pig iron in d u stry  and  a num ber of 
fresh furnaces were blown in. Q uotations were 
advanced. Thus No. 3 foundry  G.M.B. was 
unobtainab le  below 68s. 6d., and i t  was difficult for 
consum ers to  ob ta in  early  deliveries. H em atite  
was also a  good m arket,- w ith  E as t Coast Mixed 
num bers quoted  a t  74s. As regards finished iron 
and steel, works were very  active  during th e  m onth, 
o u tp u t approaching th e  ra te  w itnessed during  the  
busiest w ar years. Prices were well m aintained. 
On th e  C ontinental iron and  steel m arket prices 
experienced a setback  tow ards th e  close of April. 
The In te rn a tio n a l Tube Cartel, including E uropean, 
Am erican, and B ritish  m akers, was established. 
The Am ericans jo ined th e  R ail A ssociation during 
th e  m onth.

A n t i m o n y . — A t th e  end of A pril E nglish regulus 
was quo ted  ab ou t ¿50 to  ¿55 per ton . Chinese 
m ateria l was dull, w ith  spot priced a t  ¿37 10s. 
to  ¿38 ex warehouse, w hilst m etal for sh ipm ent 
from  China was valued a t  ¿33 to  ¿33 10s. c.i.f.

I r o n  O r e . — A good dem and has been seen for 
iron ore in  A pril and w ith  more b last furnaces 
being p u t in to  operation  th e  o u tp u t of Cleveland 
ironstone has been increased, w hilst add itional 
purchases of foreign ore were made. Prices are 
firm  a t  ab ou t 23s. per ton  c.i.f. for b est Bilbao 
rubio.

A r s e n i c . — H igh grade Cornish w h ite  is still 
quo ted  a t  abou t ¿16 to  ¿16 2s. 6d. p er to n  f.o.r. 
m ines, dem and being featureless.

B i s m u t h . —The official price rem ains a t  7s. 6d. 
per lb. and dem and shows little  varia tion .

C a d m iu m .— Business is not, perhaps, qu ite  as 
b risk  as i t  has been of late , b u t a good tu rnover 
is reported  and quotations are firm a t abou t 4s. Id. 
to  4s. 3d. p er lb.

C o b a l t  M e t a l . — Sales have been fa irly  large 
recently , b u t th e  official price rem ains a t  10s. 
per lb.

C o b a l t  O x i d e s . — Few  fresh features are 
noticeable in  th is  m arket, black oxide being quoted 
a t  8s. p er lb. and  grey a t  8s. lOd.
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COPPER.

Standard. E lectrolytic.
Wtrtt Ra

Best Selected. (Spelter).

Cash. 3 Months. Near. Forward. Near. Forward. Cash. 3 Months. Near. Forward.

April £ s. d. £ s. d. £ s. d. £ s. d. £ s. d. £ s. d. £ s. d. £ s. d. C s. d. £ s. d. £ s. d.
10 79 2 6 77 2 6 85 0 0 95 0 0 95 0 0 — 209 0 0 209 5 0 26 13 9 26 8 9
11 84 0 0 80 12 6 85 0 0 95 0 0 95 0 0 — — 210 10 0 211 0 0 26 15 0 26 10 0
12 80 10 0 77 5 0 88 0 0 91 0 0 91 0 0 85 10 0 86 15 0 206 0 0 206 15 0 26 13 9 26 10 0
15 76 15 0 77 0 0 85 0 0 89 0 0 89 0 0 — ■— 203 17 6 204 2 6 26 12 6 26 S 9
16 77 0 0 74 5 0 80 0 0 84 0 0 84 0 0 79 0 0 80 0 0 205 ' 2 6 205 17 6 26 10 0 26 6 3
17 77 10 0 75 12 6 84 0 0 85 0 0 85 0 0 — — 204 17 6 205 10 0 26 13 9 26 11 3
18 78 10 0 76 7 6 84 0 0 85 0 0 85 0 0 •— — 203 15 0 204 10 0 26 17 6 26 13 9
19 77 10 0 75 0 0 S3 0 0 84 0 0 84 0 0 81 0 0 82 5 0 200 0 0 200 12 6 26 12 6 26 8 9
22 77 15 0 74 10 0 83 0 0 84 0 0 84 0 0 81 0 0 82 5 0 200 15 0 202 15 0 26 13 9 26 10 0
23 77 15 0 74 10 0 83 15 0 84 15 0 84 15 0 81 0 0 82 5 0 202 15 0 204 10 0 26 11 3 26 8 9
24 77 12 6 74 12 6 84 0 0 84 5 0 84 5 0 — — 203 7 6 205 0 0 26 0 3 26 3 9
25 77 7 6 74 7 6 83 15 0 84 5 0 84 5 0 — — 199 15 0 201 15 0 26 0 0 25 17 6
26 73 15 0 72 15 0 83 0 0 84 0 0 84 0 0 78 5 0 79 10 0 197 15 0 199 5 0 26 10 0 26 8 9
29 75 15 0 72 12 6 83 0 0 84 0 0 84 0 0 — — 198 0 0 200 0 0 26 15 0 26 10 0
30 78 0 0 74 0 0 83 0 0 84 0 0 84 0 0 78 5 0 79 10 0 198 15 0 201 5 0 26 13 9 26 13 9
May

1 78 10 0 74 15 0 83 0 0 84 0 0 84 0 0 _ _ 196 15 0 199 2 6 26 10 0 26 15 0
2 78 15 0 75 2 6 83 0 0 84 0 0 84 0 0 — ■— 190 5 0 199 0 0 26 12 6 26 15 0
3 78 17 6 74 17 6 83 10 0 84 10 0 84 10 0 79 0 0 80 5 0 197 2 6 199 10 0 26 11 3 26 15 0
6 80 0 0 76 10 0 84 5 0 84 15 0 84 15 0 — — 197 15 0 200 0 0 26 8 9 26 13 9
7 78 12 6 75 12 6 84 5 0 84 15 Ö 84 15 0 79 15 0 81 0 0 198 0 0 200 5 0 26 7 6 26 13 9
8 77 15 0 75 5 0 84 0 0 84 15 0 84 15 0 — — 200 10 0 201 15 0 26 12 6 26 16 0
9 77 0 0 74 15 0 84 10 0 85 0 0 85 0 0 — — 200 10 0 202 10 0 26 13 9 26 15 0

T IN . ZINC

P l a t i n u m . — R ath e r qu ie t conditions have ruled 
recently  and th e  general trad in g  price is now ab ou t 
¿13 10s. to  ¿13 15s. p er oz. for refined m etal.

P a l l a d i u m . — L ittle  or no in te res t is evinced 
in  th is  m eta l and  th e re  are now sellers a t  ab ou t 
¿8  5s. per oz., while buyers are n o t inclined  to  p ay  
m uch m ore th an  ¿7 5s.

I r i d i u m . — Sponge and pow der a re  som ew hat 
easier a t  ab o u t ¿53 to  ¿55 p er oz.

T e l l u r i u m . — D em and is p rac tica lly  non
ex is ten t and quo tations are nom inal a t  12s. 6d. 
to  15s. p er lb.

S e l e n i u m . — T he m ark e t is steady , w ith  high 
grade b lack pow der held fo r 7s. 8d. to  7s. 9d. p er lb.

M a n g a n e s e  O r e . — In te re stin g  features have 
been absen t from  th is  m ark e t during  th e  last 
few weeks. Prices have n o t a lte red  m uch, best 
In d ian  being ab o u t Is. 2d. to  Is. 2£d. pe r u n it  
c.i.f., w ith  washed Caucasian ab ou t Is. l^ d . to  
Is. l fd .

A l u m i n i u m .— A v ery  b risk  dem and developed 
during  A pril, p a r tly  on rum ours th a t  prices were 
to  be advanced. I t  has now been decided, however, 
th a t  no change will be m ade in  selling prices for 
the  p resent and, a lthough  th e  volum e of in q u iry  
has lessened slightly , th e  m ark e t seems in  a  sound 
condition. C urrent quo tations are ¿95 delivered  
for ingots and bars.

S u l p h a t e  o f  C o p p e r . — Prices are easier in  
sym pathy  w ith  copper, B ritish  m ateria l now being 
offered a t ab ou t ¿29 10s. to  ¿30 p er ton .

N i c k e l . — B u s in e s s  i s  w e l l  m a i n t a i n e d ,  t h e  o f f ic ia l  
p r i c e  b e i n g  u n c h a n g e d  a t  ¿175 p e r  t o n .

C h r o m e  O r e . — A good dem and con tinues in 
evidence, w ith  quo tations s tead y  a t  ¿4 5s. to  
¿4 7s. 6d. for 48 per cent. R hodesian  and  ¿4 7s. 6d. 
to  ¿4 10s. for 48 p er cent. Ind ian .

Q u i c k s i l v e r . — Business is re s tr ic ted  to  odd 
lots and prices are still ab o u t ¿22 2s. 6d. to  ¿22 5s. 
per b o ttle  for m ateria l on spo t.

T u n g s t e n  O r e . —The w orst stringency  of supplies 
seems to  b e  over, m ainly  owing to  th e  lessened

LEAD. SILV ER.

GOLDS o f t  F o r e i g n .
E n g l i s h . Cash. F or

ward.Near. Forward.

£ s. d. £ s. d. £ s. d. d. d. s. d. April
23 17 6 23 10 0 25 10 0 25! 25£ 84 11 10
24 5 0 23 16 3 25 15 0 25} § 25Ü 84 11! 11
24 10 0 24 2 6 26 2 6 25! 25! 84 11! 12
24 7 6 23 16 3 26 0 0 2 5 | 2 5 | 84 11! 15
24 10 0 24 0 0 25 15 0 25} | 25JI 84 10! 16
24 15 0 24 5 0 26 0 0 25! 25! 84 10! 17
24 15 0 24 5 0 26 5 0 25f? 2 5 f | 84 10! 18
24 15 0 24 5 0 26 5 0 25x3 25}3 84 10! 19
24 17 6 24 6 3 26 5 0 25H 25*1 84 11! 22
24 15 0 24 5 0 26 5 0 25H 25¡i 84 10! 23
24 13 9 24 2 6 26 5 0 25$ 251 84 10! 24
24 8 9 24 0 0 26 0 0 2 5 | 2 5 | 84 11 25
24 7 6 23 18 9 26 0 0 25! 25! 84 11! 26
24 7 6 23 17 6 26 0 0 2 5 ft 2 5 i5b 84 U ! 29
24 10 0 24 0 0 26 0 0 2 5 ft 25 ft 84 10! 30

May
24 8 9 24 1 3 26 0 0 25 ft 25 ft 84 11 1
24 10 0 24 2 6 26 0 0 251 25! 84 11! 2
24 8 9 24 6 3 26 0 0 2 5 ft 25! 84 U ! 3
24 8 9 24 5 0 26 0 0 2 5 ft 25f 84 11! 6
24 8 9 24 2 C 26 c 0 251 25 ft 8 1 10! 7
24 6 3 24 1 3 26 0 0 25,=8 25 ft 84 H i 8
24 3 9 24 1 3 25 15 0 25ÏC 25ft 84 11! 9

dem and. F o r th e  present, however, prices remain 
ra th e r  h igh  and  Chinese ore fo r shipm ent is held 
for a round  30s. p e r u n it  c.i.f.

M o l y b d e n u m  O r e . — In q u iry  has broadened a 
little , b u t 85 p er cent, concentrates are still priced 
a t  34s. 6d. to  35s. p er u n it  c.i.f.

G r a p h i t e . — The position  of th is  article  has not 
alte red  m uch and  85 to  90 p e r  cent. Madagascar 
flake seems to  be changing hands a t  about ¿27 
to  ¿29 per ton  c.i.f., while high  grade Ceylon lump 
realizes ab o u t ¿25 to  ¿26 c.i.f.

S i l v e r . — On A pril 2 sp o t bars stood a t  25Ifd. 
D uring th e  first half of th e  m on th  In d ia  showed 
some buying in te res t, b u t supplies were plentiful 
and  prices eased sligh tly  to  2 5 fd . on 15th ult. 
Subsequently th ere  was a  general lack  of interest 
and w ith  a fa ir am ount offering q u o tatio n s declined, 
un til spo t bars closed a t  2 5 ^ 3 .  on A pril 30.
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STATISTICS
PRODUCTION OF GOLD IN TH E  TRANSVAAL.

R a n d .
E l s e 

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

Oz. Oz. Oz.
April, 1928....................... 789,823 36,084 . .825,907
May................................... 849,155 37,031 886,186
June ............................... 825,143 37,220 862,363
J u ly ................................. 828,482 38,729 .867,211
August ........................... 854,172 37,691 891,863
September ..................... 819,341 38,390 ,857,731
O ctober........................... 858,945 38,775 897,720
November....................... 832,461 40,023 872,484
December......................... 821,582 38,179 859,761
January, 1929 ................. 840,344 36,108 870,452
February ....................... 778,559 36,725 815,284
March............................... 830,829 35,700 866,529
April................................. 836,474 35,649 ,872,123

TRANSVAAL GOLD OUTPUTS.

M a r c h . ApRIL.

Treated
Tons.

Yield
Oz.

Treated
Tons.

Yield
Oz.

Brakpan ....................... 91,500 £148,025 89,000 £143,556
City Deep ..................... 87,000 24,126 95,000 25,848
Cons. Main R e e f ........... 58,300 22,246 58,500 22,343
Crown Mines................... 210,000 70,540 206,000 69,459
D'rb’n Roodepoort Deep 39,000 13,555 40,300 14,023
East Rand P.M.............. 142,500 37,430 143,000 38,196
Ferreira Deep ............... 26,500 4,820 23,600 4,278
Geduld............................. 85,000 26,588 83,000 26,074
Geldenhuis Deep ......... 53,400 14,375 62,600 14,523
Glynn’s Ljdenburg ..  . 6,100 2,206 6,600 2,175
GovemmentG.M. Areas 196,000 £373,760 202,000 £385,240
Kleinfontein ................. 52,200 11,540 51,700 10,958
Langlaagte Estate 79,000 £110,287 81,000 £110,922
Luipaard’s V le i ............. 22,500 5,682 22,800 5,723
Meyer and Charlton . . . 17,300 £18,650 16,890 £20,039
Modderfontein New . . 144,000 73,842 146,000 72,856
Modderfontein B ........ 69,000 25,739 69,000 25,487
Modderfontein Deep . . 43,000 22,727 44,600 23,346
Modderfontein East . . . 63,500 19,865 67,000 20,546
New State Areas ......... 75,000 £134,896 79,000 £138,555
Nourse ........................... 62,000 18,046 62,300 18,255
Randfontein ................. 212,000 £200,872 - 205,000 £211,918
Robinson D e e p ............. 75,000 22,182 79,300 21,670
Rose D e e p ..................... 56,000 11,915 57,500 11,997
Sabie ............................. 3,250 912 — _
Simmer and J a c k ......... 76,500 18,745 73,000 18,192
Springs........................... 67,000 £138,193 70,000 £142,907
Sub N igel....................... 23,400 20,769 22,800 19,937
Transvaal G.M. Estates 15,400 4,562 14,620 4,686
Van Ryn ....................... 38,000 £39,857 39,000 £38,452
Van Ryn Deep ............. 62,000 £104,674 65,000 £105,514
Village Deep ................. 58,000 14,994 58,500 15,078
West Rand Consolidated 85,500 £93,495 83,800 £91,659
West S prings................. 60,000 £75,996 62,600 £78,254
Witw'tersr’nd (Knights) 52,000 £45,695 52,500 £47,081
Witwatcrsrand Deep .. 45,000 9,839 46,000 10,377
Wolhuter......................... 28,000 6,291 27,000 6,051

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

Chamber of Mines.

Tons
milled.

Yield 
per ton.

W ork’g 
cost 

per ton.

W ork’g 
profit 

per ton.

Total
working
profit.

s. d. s. d. s. d. £
February, 1928 2,357,900 28 1 19 11 8 2 959,824
March .......... 2,552,100 27 11 19 9 8 2 1,039,078
April ............ 2,381,800 28 2 20 0 8 2 971,128
May .............. 2,571,900 28 0 19 V 8 0 1,084,465
Ju n e .............. 2,500,100 28 2 19 10 8 4 1,038,851
July................ 2,528,600 27 11 19 8 8 3 1,048,432
A ugust.......... 2,580,700 27 11 19 V 8 4 1,079,152
September . .  . 2,485,700 27 11 19 V 8 4 1,040,368
O ctober........ 2,612,500 27 9 19 5 8 4 1,092,162
November ..  . 2,539,700 27 9 19 7 8 2 1,041,713
December.. . . 2,505,500 27 10 19 8 8 2 1,024,654
January, 1929 2,627,320 28 1 19 9 8 4 1,095,070
February . . . . 2,403,720 28 6 20 3 8 3 990,942
March............. — — 1,062.331

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 .

April 30, 1928 ......... 199,820 16,696 5,664 219,700
May 31 ....................... 198,461 16,943 5,742 222,172
June 30 ..................... 197,186 16,870 5,650 222.340
Ju ly  3 1 ........................ 194,584 16,095 5,189 220,345
A.ugust 31 ................. 194,788 16,553 4,839 218,578
September SO ........... 194,936 16,724 4,535 215,843
October 31................... 193,147 16,767 4,807 216,362
November 30 ........... 190,870 16,803 4,889 210,628
December 31 . . . . . . . 187,070 16,059 4,444 208,473
January  31, 1929 . . . 192,526 15,845 50,56 213,427
February 2 8 ............... 196,150 15,940 5,635 217,725
March 30 ................... 197,646 16,065 5,787 219,498
April 3 0 ..................... 197,412 15,900 5,554 218,866

PRODUCTION OF GOLD IN  RHODESIA.

1926 1927 192S 1929

oz. oz. oz. oz.
Jan u a ry ................. 48,967 48,731 51,356 46,231
F ebruary ............. 46,026 46,461 46,286 44,551
M a rc h ................... 46,902 50,407 48,017 47,388
A p r i l ..................... 51,928 48,290 48,549 —
May ..................... 49,392 48,992 47,323 —
Ju n e ....................... 52,381 52,910 51,762 —
Ju ly  ...................... 50,460 49,116 48,960 —
A ugust................... 49,735 47,288 50,611 —
S eotem ber............. 48,350 45.83S 47,716 _
October ............... 50,132 46,752 43,056 —
November . . . . . . 51,090 47,435 47,705 _
December ........... 48,063 49,208 44,772 —

RHODESIAN GOLD OUTPUTS.

M a r CH. A p r i l .

Tons. Oz. . Tons. Oz.

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

24.000 
6,005 
5,200 
6,400

44.000 
4,800

12,030
4,778
4,106
2,980

£22,236
£8,398

' 24,400 
6,096 
5,000 
6,400 

46,000 
4,800

12,332
4,888
4,100
2,950

£21,427
£8,537

W EST AFRICAN GOLD OUTPUTS.

M a r c h . A p r i l .

Ashanti Goldfields . . . .  
Taquah and Abosso . . .

Tons.
9,214
9,460

Oz.
9,876

£13,353

Tons.
9,206
8,000

Oz.
10,256

£13,360

AUSTRALIAN GOLD OUTPUTS BY STATES.

W estern New South
Australia. Victoria. Queensland. Wales

Oz. Oz. Oz. Oz.
April, 1928 ......... 36,487 2,811 846 318
May ................... 29,264 2,990 321 397
J u n e ................... 39,449 3,932 498 487
Ju ly  .................... 29,399 3,208 772 154
A u g u s t............... 37,991 2,637 690 3,447
S ep te m b er......... 32,397 3,366 644 364
O ctober . . . . . . . 36,565 2,632 820 256
November........... 31,466 3,111 865 —

December ......... 36,097 — — 208
J  anuary, 1929 . . 27,384 — —  . —

F eb ruary  ........... 28,177 — . . ■ —

M a rc h ................. 25,848 — — —

A p r il ................... 39,166 — — • —

AUSTRALASIAN GOLD OUTPUTS.

M a RCH. A p RIL.

Tons Value £ Tons Value £

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

5,201
3,274
4,448

10,332
9,545

15,054
8,775

15,422

9,130 
4,504 

14,788 
27,326 
14,930 
11,208 
17,236 

I 5,041* 
I 30,500t

4,657
3,233
6,196
9,300

13,760
8,719

9.448
5,515

14,342
25,657

10,961
16,557

* Oz. gold. t  Oz. silver.
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GOLD OUTPUTS, KOLAR D ISTRICT, IN DIA .

M a r c h . A p r i l .

Tons
Ore

Total
Oz.

Tons
Ore

Total
Oz.

B alaghat ..........................
Champion R e e f ...............
M ysore................................
Nundydroog ...................
O o regum ...........................

4,450
8,865

17,125
1 1 ,0 1 0
14,000

2,734
5,269
8,318
6,663
7,446

4,650
7,820

18,277.
11,005
14,000

3,049
4,721
8,273
6,666
7,378

OUTPUTS O F N IG E R IA 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 f ..

MISCELLANEOUS GOLD, SILV ER, AND PLATINUM 
OUTPUTS.

M a r c h . AP R IL .

Tons Value £ Tons Value £

Chosen Synd. (Korea) . . 7,760 12,105 7,970 12,543
Frontino& Bolivia (C’lbia) 1,900 7,570 1,710 4,207
La Noria (Mexico) ......... 12,320 101,391d — —
Lena (S ib e ria ) ................. — 20,757 — 16,430
Lydenburg Plat. (Trans.) 3,360 642p 3,500 616p
Marmajito (Colombia) . . 520 4,196 406 5,225
Mexican Corp. Fresnillo . 77,795 131,740(1 — ■ —■
Onverwacht P la tinum . . . 2,317 463i> 2,364 400J>
Oriental Cons. (Korea) . . —. 32,500d 76,500á —
St. John del Rey (Brazil) — 32,300 — 41,500
Santa Gertrudis (Mexico) 49,052 145,013« — —

d dollars, e Profit in  dollars, p  Oz. platinoids.

PRODUCTION OF TIN  IN FED ERA TED  MALAY STATES. 
Estim ated  a t  70% of Concentrate shipped to  Smelters. Long Tons.

Ju ly , 1928 . 
August 
September . 
October . . .  
N ovem ber.. 
December .

5,488 January , 1929 ...............
5,499 F e b ru a ry ..........................
5,071 March ..............................
5,161 April ................................
5,483 M ay.....................................
5,249 J u n e ...................................

5,840
4,896
5,286
5,433

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

Ampang .................
B atu Caves.................
C hangka t...................
Chenderiang...............
Gopeng .....................
Idris Hydraulic ___
I p o h ............................
J e la p a n g ...................
K am u n tin g ...............
K ent (F .M .S.)...........
K epong.......................
K in ta .........................
K inta K ellas.............
K ram at P u la i ...........
Kuala K a m p a r.........
Kundang ...................
Lahat .........................
L aru t T in fields.........
Malaya Consolidated
Malayan T i n .............
Meru .........................
Pahang .....................
P engkalen .................
P e ta lin g .....................
Rahman ...................
Ram butan .............
R antau .....................
R aw an g .....................
Renong .....................
Selayang.....................
Southern Malayan 
Southern Perak
Sungei B e s i ...............
Sungei K inta ..........
Sungei W ay .............
Taiping .....................
T an jo n g .....................
Teja M a la y a ............
Tekka .......................
Tekka-Taiping..........
T e m o h .......................
Tronoh ...................

Feb. Mar. April
15* 14 21— — 32
60 60 53
20 29 35
774 804 834
354 414 384
434 51 424
21 264 23
63 93 81
51 57 58
18 25 28
30 27 30
25 414 594
224 204 194

130 90 115
32 33 35
194 184 17!
70 85 844
664 544 734

1544 1604 133
174 164 16

208 2224 2264
51 654 774

220 238 226
564 53* 594
12 12 12
55 50 44
65 75 70
504 484 50
124 22 —
954 113 125
47 664 864
43 46 43
334 31 20
474 624 894
41 48 53
24 24 244

6 16 12
504 504 43
45 54 .—.
154 22 35

1094 114 96

February. March. April.

A m ari ....................................... 4|- 54 6
Anglo-Nigerian . . . .  ............. 60 57 55
Associated Tin Mines ........... 237 244 250
Baba R iv e r .............................. 4* 34 31
B atura M ongtina...................... 3 4
B is ic h i....................................... 56 58 61
D affo........................................... 5 5
Ex-Lands ................................. 50 50 50
F i la n i ......................................... 14 14 l łJ a n  ta r ......................................... 35 25
J o s ............................................. 17 194 184
Juga V a lley .............................. 11 174 9
Junction  ................................... 20 14 6
K aduna ..................................... 304 284
K aduna P ro sp e c to rs ............. 18 17 _
K a s s a ......................................... 11 16 17
Lower B is ic h i.......................... 4 5 54Mongu ....................................... 35 30 35
N a ra g u ta .................................. 16 124 11}N araguta D urum i ................. 9 9
N araguta Extended ........... 10 9 9
N araguta K a ra m a .................. 184 164 194
N araguta K o r o t ...................... 15 15
Nigerian Base Metals ........... 47 47
Nigerian C onsolidated ........... 20 20 20
N.N. B a u c h i ............................ 150 150 160
Offin R iver................................ 12 64 6
Ribon Valley .......................... 18 17 14
R opp........................................... 81 72 74
Rukuba ..................................... 4 4 4
South B u k e ru .......................... 124 15 144
Tin F ie ld s ................................ 64 n 6
Tin P roperties.......................... 27 26 19
United Tin A re a s ................... 44 5 ł 44
Yardc K erri ............................ 15 15

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

Feb. March April

Anglo-Burma (B urm a)............... 6 6 _
Aramayo Mines (B o liv ia )......... 251 329 415
Bangrin (Siam) ........................ 414 524 664
Berenguela (Bolivia) ................. 27 32 —
C’nsolidated Tin Mines (Burma) 87* 91* 81*
E astern  Siam (S iam )................. 3} 44 _
E ast Pool (Cornw all)................. 84 844 —
Fabulosa (B o liv ia)...................... 145 154 —
Geevor (Cornwall)........................ 68 73 70
Ja n  ta r  (Cornwall) ...................... 134 19 -
Kagera (U g an d a)........................ 23 25 _
Polhigey (Cornw all)................... — —. 20
San Fm x (Spain) ...................... 27* 36* —
Siamese Tin (Siam) ............. 98 1394 1204
South Crofty (C ornw all)........... 614 66 65
Tavoy Tin (B u rm a )................... 444 55 54
Theindaw  (Burma) .................... 44 . - 34
Tongkah H arbour (S iam )......... 86 110 64
Toyo (Japan )................................ 43 11 —
W heal K itty  (Cornwall)............. 55 51 50

* Tin and Wolfram.

CO PPER , LEAD, AND ZINC OUTPUTS.

Broken Hill Prop. . . .  
Broken Hill South . . .

B urm a Corporation . .
Bw ana M’K ubw a.........
E lectrolytic Z in c .........
Indian  C o p p e r.............
Messina ......................
M ount Lyell .............
N a m a q u a .....................
N orth Broken H ill-----
Poderosa .....................
Rhodesia Broken H ill.

San Francisco Mexico

Sulphide Corporation .

T e tiu h e ..........................
Union M inière .............
Zinc Corporation . . . .  -̂

Tons lead conc. . .  
Tons lead conc. . .  
Tons zinc conc. . .  

f Tons refined lead 
I Oz. refined silver 
Tons copper oxide 
Tons zinc . . .  
Tons copper. 
Tons copper . . .  
Tons concentrates 
Tons copper . .

' Tons lead conc.
, Tons zinc conc. 
Tons copper ore
Tons l e a d .........
Tons slab zinc . 
Tons lead conc. 
Tons zinc conc. 
Tons lead conc. 
Tons zinc conc. 
Tons lead conc. 
Tons zinc conc. 
-Tons copper . .  
Tons lead conc. , 
Tons zinc conc.

M a r .

1,298
4,418
4,538
6,602

628,211
767

3,901
78*

539
2,639

192
6,990
5,260

912
345

1,007
3,500
3,900
1,846
2,657

586
1,628

10,800
5,331
4,310

6,554
625,327

687

135
545

2,633

7,560
5,700
1,030

2 10
835

3,220
3,800
1,806
2,770
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IMPORTS OF ORES, METALS, ETC., INTO U NITED  KINGDOM

February. March.

Iron O re ...................................... 313,475 462,368
Manganese O re............................ 16,178 19,720
Iron and S te e l............................ 160,035 182,107
Copper and Iron P y r i te s ......... 29,522 25,466
Copper Ore, Matte, and Prec. . . .Tons . . 5,494 152
Copper M eta l.............................. 9,888 14,541
Tin Concentrate ........................ 6,617 4,986
Tin M eta l.................................... 1,051 1,261
Lead Pig and Sheet................... 19,246 21,579
Zinc (Spelter) ............................ 9,078 9,964
Zinc Sheets, etc ........................... 1,755 2,005
Aluminium .............................. 1,627 1,844
Quicksilver .............................. . . L b ........ — 19,224
Zinc O xide .................................. 896 837
White Lead ................................ 12,150 14,721
Red and Orange L e a d ............. . . . C w t . . . . 3,232 3,449
Barytes, ground ....................... . . . C w t . . . . 38,967 44,442
Asbestos ...................................... 1,889 1,666
Boron M inera ls......................... 1,005 493

5,467 12,317
Basic Slag .................................. 4,529 3,006
Superphosphates....................... 18,856 26,984
Phosphate of Lime ................. 25,579 28,197

216 264
10,507 3,089

Nitrate of S o d a ......................... . .  . Cwt . . . . 286,630 416,539
Potash Salts .............................. . .  . Cwt . . . . 300,762 407,418
Petroleum : Crude ................... 28,689,716 51,192,683

Lamp Oil ........... 16,350,638 26,998,354
Motor Spirit 70,407,021 84,508,954
Lubricating Oil . . 7,685,750 7,594,244
Gas O i l ................. 5,804,516 11,615,855
Fuel O i l ............... 21,664,246 35,538,794

Asphalt and Bitum en ............. 18,982 12,362
Paraffin W a x .............................. . .  .Cw t.. . . 104,146 115,719
Turpentine.................................. . .  .Cwt.. . . 18,353 10,078

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

Feb. March. April.

Anglo-Ecuadorian........................... 12,024 13,968 13,204
Apex Trinidad.................................. 31,880 37,210 35,820
A ttock .............................................. 7,135 6,457 5,241
British Burm ah................................ 5,016 5,440 5,223
British Controlled ......................... 31,528 32,795 —
Kern Mex.......................................... 860 916 789
Kem River (Cal.) ......................... 3,226 1,183 3,827
Kern Romana ................................ 3,572 3,213 2,707
Kern Trinidad ................................ 3,733

25,268
3,610 3,086

Lobitos ............................................ 27,629 26,899
Phoenix.............................................. 32,516 41,007 34,048
St. Helen’s P etro leum ................... 11,214 7,762 5,198
Steaua Romana .............................. 50,390 63,100 61,850
Trinidad Leaseholds ..................... 28,800 32,300 32,500
Venezuelan Consolidated............... — 2,143 2,157

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

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

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

„ ,, 8%  Pref. (4 pesos)
Phoenix, Roumania .......................
Royal Dutch (1,000 fl.)...................
Shell T ransport, Ord.„ „ 5%  Pref. (£10) ..
Steaua Romana ..............................
Trinidad Leaseholds   ...................
United British of T rinidad (6s. 8d. 
V.O.C. H o ld in g ................................

April 8, 
1929

£ s. d.
3 10 0 
1 2  0 
2 17 0 
1 7  0
4 11 0

4 8 
8

2 3
13
12  6
14 0 

33 0 0
4 17 0 

10 0 0 
12 6 

4 13 6 
10 3 

4 1 0

May 8, 
1929

s. d.

3 0 
1 7
4 10 0 
1 10  0  
2 19 0 

7 0 
5 0

7 9 
2 4 6 

14 0 
13 0 
12 9 

32 16 3 
4 17 0 

10 0  0 
12 0 

4 14 0 
10 0 

4 4 0

PR IC ES O F C H EM IC A LS. May 8.

These quotations are not absolute ; they vary according to 

quantities required and contracts running.

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

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

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

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

Arsenic, W hite .....................................................  per ton
Barium Carbonate, 94% ....................................  „

„  C h lo ra te ...................................................  per lb.
,, C h lo ride ...................................................  per ton
„  Sulphate, 94% ......................................... „

Benzol, standard  m otor ....................................  per gal.
Bleaching Powder, 35% Cl..................................per ton„ Liquor, 7 % ........................  „
B o r a x ....................................................................... „
Boric A c id ..............................................................  „
Calcium Chloride .................................................  „
Carbolic Acid, crude 6 0 % ..................................  per gal

„ „  crystallized, 40° ........................ per lb.
Carbon D isu lp h id e ...............................................  per t®n
Citric A c id .................................................................per lb.
Copper S u lp h a te ......................................................per ton
Cyanide of Sodium, 100% KCN ...................... per lb.
Hydrofluoric Acid ...............................................  „
Io d in e ......................................................................  per oz.
Iron, N i t r a te .........................................................  per ton

„  Sulphate .....................................................  „
Lead, Acetate, w h i t e ........................................... „

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

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

Magnesite, Calcined .............................................  ,,
Magnesium, C h lo rid e ...........................................  „

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

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

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

Sodium Acetate ...................................................  per ton
„  Arsenate, 45% ........................................ >>
„  Bicarbonate ............................................  „
„ B ic h ro m a te ..............................................  per lb.
„  Carbonate (Soda Ash) ............................  per ton
,, „  (C rystals).......................................... .
„ C h lo ra te ..................................................... per lb.
„ H ydrate, 76% ........................................  per ton
„  Hyposulphite ..........................................  „
„  N itrate, 96% ..........................................  »
„  P h o sp h a te ................................................  „
„  Prussiate ................................................  per lb.
„  S ilic a te ......................................................  per ton
,, Sulphate (Salt-cake) .............................  „
„  „  (Glauber’s Salt) ........................  „
„ Sulphide ..................................................  „

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

Sulphuric Acid, 168° ...........................................  „
,, „ free from Arsenic, 1 4 4 ° .........  „

Superphosphate of Lime, 3 5 % ..........................  „
T artaric  Acid .......................................................  per lb.
Turpentine .............................................................. per cwt.
Tin Crystals .......................................................... per lb.
Titanous C hloride.................................................  „
Zinc Chloride .......................................................  per ton
Zinc D ust ..............................................................  „
Zinc O x id e .............................................................. „
Zinc Sulphate..............................................................  „

£ s. d. 
16 6 

1 16 0 
66 0 0 

8 10 0
6 15 0

10
19 0 0 
27 10 0 
24 0 0 
40 0 0 
10 13 0

1 10 | 
7

16 5 0
5 10 0

4
10 15 0
6 0 0 

1 11
7 0 0
3 5 0

20 0 0 
30 0 0

4 12 6
1 11

24 0 0 9 9
29 10 0 

7 
6 

1 0 
6 10 0 
1 17 6 

41 10 0
34 0 0
35 0 0 
41 10 0

8 10 0 
17 0 0 
9 0 
6 15 
3 2 

1
21 0

29 15

5 
0 
3 
0 
a  

26 2 6 
3

9 0 0 
33 5 0 
20 10 0 

5 
61 
9 
0 
0 
0

1
11 5
21 0 
26 0 
10 10 0 

3t
6 0  ‘

5 5
0 
0 
2}

14 10 0 
9 0 0 

10 12 0 
11 10 0 

4 ł
9 10 0 
2 10 0
2 5 0 
9 0 0

10 0 0 
11 10 0 

6 5 0 
4 0 0
3 0 0 

1 4 ł
2 7 3 

1 6è 
10

12 0 0 
35 0 0 
42 0 0 

9 10 0
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SHARE QUOTATIONS
Shares are £1 par value except where otherwise noted.

GOLD AND S IL V E R :
SOUTH AFRICA :

B ra k p a n ...............................................
City Deep ...........................................
Consolidated Main Reef .................
Crown Mines (10s.)............................
Daggafontein ....................................
Durban Roodepoort Deep .............
East Geduld ......................................
E ast Rand Proprietary (10s .).........
Ferreira D eep ......................................
G e d u ld .................................................
Geldenhuis Deep ..............................
G lynn’s Lydenburg ..........................
Government Gold Mining Areas (5s.
Kleinfontein ......................................
Langlaagte E sta te  ............................
lyuipaards Vlei (4s.) ..........................
Meyer & Charlton ............................
Modderfontein New (10s.)...............
Modderfontein B (5s.).......................
Modderfontein Deep (5s.).................
Modderfontein E a s t ..........................
New S tate Areas ..............................
N ourse...................................................
Randfontein ......................................
Robinson Deep A (Is.) ................... .

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

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

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

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

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

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

RUSSIA:
Tena Goldfields .

A pril 8, i May 8, 
1929.1929.

£ s. d. i  s d.
4 6 • 0 4 7 6

13 0 11 3
IS 0 16 9

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

9 6 8 6
2 2 6 1 18 9

11 3 10 0
6 3 5 9

3 12 0 3 8 0
4 6 4 6
5 0 5 0

1 19 3 1 19 0
2 6 2 6

1 0 6 1 1 3
4 6 4 3
9 0 10 0

5 4 6 5 3 9
17 0 15 0

1 10 0 1 10 0
1 4 6 1 5 9
1 11 6 1 13 0

8 3 8 6
6 3 6 0

14 0 13 9
11 0 9 6
6 0 5 3
3 0 3 0

3 6 0 3 1 3
1 13 0 1 19 0

9 0 8 3
9 0 9 0

1 19 0 1 19 0
4 0 4 0
9 0 8 0

18 6 18 ■6
7 0 7 0
5 0 4 6
1 0 1 0

1 18 0 1 18 0
8 0 7 0

10 9 9 9
1 3 0 1 1 3

19 0 16 9
7 0 7 0

11 6 8 9

1 4 3 1 4 02 3 2 9

11 0
3 3

16 9 
13 9
1

1 3

2 9
18

12 6
15 9 
10 0

1 0
2 6

2 6 
12 9

2
16
13
1
2

G 0 
10 3 
15 6 
18 6 
12 0

5 3

14 0 
16 0
1 1  0

2 6
0 0 

9
2 0

14 6 
4 0

02
15 
19 0 
11 3

5 9 
4 9

4 3

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

C O P P E R :
Arizona Copper (5s.) A r iz o n a .........
Bwana M’Kubwa (5s.) R hodesia .. .
Esperanza Copper, Spain ...............
Messina (5s.), Transvaal .................
M ount Lyell, T a sm a n ia ....................
N am aqua (£2), Cape P rovince.........
N ’Ghanga, R h o d es ia ........................
Rio T in to  (£5), S p a in ........................
Roan Antelope (5s.), Rhodesia . . . .  
Tanganyika, Congo and Rhodesia .

L E A D -Z IN C :
Broken Hill ProDrietarv N.S.W . . .
Broken Hill N orth, N.S.W ................
Broken Hill South, N .S.W ................
Burm a Corporation (10 rupees). . . .  
Electrolytic Zinc Pref., T a sm an ia ..
M ount Isa, Q ueensland......................
Rhodesia Broken Hill (5s.) . . . . . . .
Russo-Asiatic Consd. (2s. 6d.) ____
San Francisco (10s.), Mexico ...........
Sulphide Corporation (15s.), N.S.W.
Tetiuhe (5s.), S iberia ............................
Zinc Corporation (10s.), N .S.W .........

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

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

April 8, May 8.
1929. 1929.

£  s .  d. £  S. d.
1 8 9 1 8 9
1 5  6 1 3 6

14 6 0 13 11 0
2 11 6 2 10 6
6 0 0 5 17 6

2 0 6 2 2 0
1 0 6 18 3

19 0 19 0
19 0 19 3

2 2 9 2 3 0
1 7 0 1 10 0
4 7 0 3 11 6

60 7 6 57 0 0
2 10 0 2 7 6
3 7 0 3 1 6

1 7  0 1 7  6
5 12 0 5 11 0
3 6 0 3 8 6

17 3 17 3
1 15 0 1 16 6
2 8 0 2 7 0

4  6 3 9
4 0 3 9

1 16 0 1 17 6
19 0 19 0
5 0 4 0

2 10 0 2 11 6

3 8 3 3 0 0
11 6 9 9

1 16 6 1 13 9
10 0 9 3
3 6 3 6

11 0 8 6
9 9

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

2 3 9 2 3 9
15 9 14 9

1 8 0 1 7 0
15 9 15 0
11 6 11 0
14 0 14 0

1 6  0 1 6 0
10 3 10 0

1 5  0 1 2 6
5 6 4 9

1 2 6 1 2 0
10 6 10 0

1 0 0 19 3
13 6 12 9

1 8 6 1 8 9
8 6 8 0

16 3 15 0
4 9 4 3

13 3 13 6
2 7 0 2 7 0

11 0 11 0
13 6 13 6
15 0 12 3

1 0  0 19 0
1 1 0 1 0 6

11 0 11 0
1 0  9 1 0 6

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

19 6 19 3
1 17 6 1 16 6

18 10 0 18 12 6
4 0 4 0

2 17 0 2 14 6
19 3 16 9
19 0 18 3
10 9 10 6

2 7 6 2 6 6
3 13 6 3 6 3
6 17 6 5 13 6

4 6 4 0
3 2 0 3 3 0
7 18 6 5 17 6

14 6 11 6
16 0 16 0

1 5  3 1 3 9
4 10 9 | 4 8 0
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In this section we give abstracts o f important articles and papers appearing in  technical journals and 
proceedings of societies, together with brief records of other articles and papers; also notices o f new 
books and pamphlets, lists o f patents on m ining and metallurgical subjects, and abstracts o f the yearly

reports o f m ining companies.

TEST W O RK  ON T H E  ROAN
In Engineering and M in ing  Journal, for M arch 30, 

Walter C. Page, M etallurgical E ngineer in  charge 
of Pilot P lan t and C oncentration, R oan Antelope 
Copper Mines, L td ., describes th e  position  a fte r 
operating its  25-ton p ilo t p lan t continuously for 
eleven months, during  which tim e  ore from fourteen 
different working places has been tes ted  thoroughly.
He states th a t  th e  R oan A ntelope Copper Mines, 
Ltd., is assured th a t  th e  large tonnage of ore th u s 
far developed, which is represented by  th e  q u a n tity  
tested, is am enable to  trea tm en t by  th e  same 
process, w ith  respect to  grinding and reagents, 
as th a t worked ou t in  th e  p ilo t p lan t. R esults 
obtained in th e  la tte r  are, of course, no t to  be 
regarded as insusceptible of im provem ent in  the  
larger plant. The objective of th e  p ilo t p lan t 
work was not to  achieve th e  u ltim ate  a t the  outset, 
but rather to develop a sim ple scheme which would 
give good results in  th e  p ilo t m ill and be capable 
of duplication in  a  large p lan t. R efinem ent of 
process, higher recoveries, im provem ent in  grade 
of concentrate, and best econom y are ra th e r 
matters th a t can b e tte r  be left for w orking ou t in 
a plant of large capacity . Fo r all th a t,  th e  recoveries 
and grade of concentrate ob tained  in  th e  p ilo t 
work were excellent, as accom panying d a ta  indicate.

The results of th e  p ilo t work ind ica te  th a t  the  
ore is a p a rtia lly  silicified shale, averaging 3-25 
to 3-5% copper, in  which th e  copper occurs p r in 
cipally as chalcocite, w ith  vary ing  am ounts of 
bornite. The copper m inerals are finely dissem inated 
throughout th e  shale— so m uch so th a t  th e  
appearance of th e  ore is qu ite  m isleading. This is 
evidenced by th e  fact th a t  when th e  first borehole 
was pu t down by th e  com pany, i t  passed en tire ly  
through the  ore form ation, and  th e  la t te r  was 
not detected u n til core assays were available. The 
chalcocite and bornite  ap p aren tly  follow the  
bedding planes. A com plete analysis of th e  ore 
disclosed in one of th e  boreholes is as follows :—

% %
Cu .......... ...........  3-6 . . .28-4
Insol........... ........... 72-0 C aC 03 .. . . . 3-91
Si02 ......... ........... 51-9 M gC03. . . . . . 2-38
F e ,0 3 --- ...........  4-6 S .............. . . . 0-9

Some sodium  and potassium  are also present, 
probably as alkali silicates. In  the  foregoing 
analysis th e  lim e and m agnesia have been calculated 
to carbonates. They are present probab ly  as 
silicates, however. A s trik in g  characteristic  of the 
ore is the alm ost com plete absence of p y rite  or o ther 
non-copper-bearing sulphides. Very little , if any, 
of these is present. As a resu lt th e  concentration  
of the ore by flo ta tion  is rendered extrem ely  sim ple 
as regards ob tain ing  a  high-grade copper concentrate, 
and involves no selective action  betw een different 
sulphide m inerals. Owing to  th e  shaly character

5 - 6

A N T E L O PE  PILO T PLA N T
of th e  ore, considerable colloidal slime is produced 
in  grinding, which, if no t inh ib ited , does in terfere 
in the  subsequent flo ta tion  w ork and  dem ands 
careful se lectiv ity  betw een gangue and sulphides.

O peration of th e  p ilo t p lan t p rio r to  June  1, 
1928, was prelim inary  in character, serving to 
determ ine th e  basic characteristics of th e  ore and 
th e  reagents to  be used. From  Ju n e  1 on, however, 
th e  p lan t was operated  continuously, as if i t  were 
in  production, running on ore from fourteen different 
w orking places in  succession, as previously  s ta ted . 
These included every represen tative  w orking face 
w hich was opened in  th e  m ine p rio r to  or during 
th e  period  of p ilo t p lan t operation. Ore was 
tak en  from different faces in  shafts Nos. 1, 2, 3, 5, 
9, and  10 (2 and  3 are shown on m ap on p. 310), 
these being th e  shafts, inclined and  vertical, from 
which represen tative  ore was available. Openings 
Nos. 4, 6, 7, and  8 were shallow p its  or shafts. 
On th e  ore from each w orking place, which in  m ost 
cases was th e  ore produced 'from th e  various cross
cuts, th e  p ilo t p lan t would run  for one to  two weeks, 
a fte r w hich i t  would continue on ore from a  different 
working, w ithou t b reak  in  operation  and  w ith  
p ractically  the  sam e reagents as had  been d e te r
m ined upon in  the  period of p relim inary  operation  
p rio r to  Ju n e  1. Complete and detailed  d a ta  
covering th e  results ob tained  on every  sh ift from 
June 1 to  O ctober 20 inclusive afforded th e  basis 
for th e  final report m ade on th e  concentration  
work. The p ilo t p lan t flow sheet is shown in  the  
accom panying illustra tion . Inasm uch as i t  is self- 
explanatory , th e  equipm ent involved calls for 
l it t le  com m ent. A pproxim ately 94 to  98% m inus 
150-mesh was th e  grinding practice followed during 
th e  period of represen tative  operation. This 
appeared  to  be th e  critica l po in t of grinding 
necessary to  liberate  th e  sulphide m inerals when 
using th e  classifying equipm ent w ith  which the 
p lan t was equipped. This is shown by th e  fact th a t 
th e  screen analyses of th e  ta ilin g  gave assays of 
approx im ately  0-75% copper on plus 150-mesh 
m aterial, whereas th e  m inus 150-mesh m aterial 
assayed approxim ately  0-18% copper. W ith  the  
use of bowl classifiers and w ith  more efficient 
and flexible classifier operation in  the  large p lan t 
to  be erected, i t  will p robably  be possible to  practice 
som ewhat coarser grinding w ith  equally good 
recovery. The fact th a t  th e  ore has an  average 
and uniform  specific g rav ity  of 2-8 should perm it 
very  clean classification and liberation  of the  
sulphides w ith  th e  use of bowl classifiers. T his is 
on account of the  wide varia tion  in  th e  specific 
g rav ity  of th e  sulphide m inerals and th e  shale 
gangue minerals.

Classifier overflow was m aintained a t  a p p ro x i
m ately  25% solids th roughout th e  period of opera
tion , whereas th e  ta ilin g  showed approxim ately
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22% solids, owing to  d ilu tion  by  th e  re tu rn  of 
in te rm ed iate  m iddling products.

T em perature  of th e  m ill-feed w a ter varied, 
n aturally , from 80 to  90° F. The region in  which 
th e  R oan A ntelope m ine is s itu a ted  is 13° sou th  of 
the  equator and a t 4,000 ft. e levation.

th e  te s t work. The com bination  m ost often used 
was Aerofloat and  p ine  oil. Consumption of 
reagents was unique in  th a t  i t  was extrem ely low  
considering th e  grade of ore, fineness of grinding, 
and  th e  shaly  ch aracte r of th e  ore, w ith  th e  resultant 
p roduction  of colloidal slime.

A

(________ |______ _________ 3000 4000 5000

Scale o f  Feet

S k e t c h  s h o w i n g  r o u g h l y  p o s i t i o n  o f  S h a f t s  2  a n d  3 .

Ore body 

• Orctotfy Section A-A

Bush

Section B-B

The interference experienced from  colloidal slime 
produced in  grinding th e  shaly  ore, p reviously  
referred to, was overcom e m ore th rough  th e  
adoption  of p reven tive  m easures against th e ir  
inheren t p ropensity  to  form  on a large scale in  th e  
grinding and  classifying circuits, or against th e ir  
building up in  th e  flo ta tion  circuits, ra th e r  th an  
th rough  th e  use of any  corrective reagents. The 
au th o r expresses th e  opinion th a t  m uch less troub le  
will probably  be experienced from slim e in  th e  
fu ture p lan t, because ’of th e  use of m ore efficient

The consum ption  of th e  Aerofloat-pine oil 
com bination  was roughly  0 -0 3  lb. Aerofloat per 
to n  of feed and  0 -0 4  lb. p ine oil per ton  of feed. 
A pproxim ately  0 -0 2  lb. cresylic acid per ton of feed 
was used as a  d iluen t for th e  Aerofloat to permit 
more uniform  and  sa tis fac to ry  feeding of this 
concen tra ted  reagent.

A dd ition  of such ve ry  sm all am ounts of reagents 
called for th e  devising of special means. I t  was 
accom plished by  th e  use of sight-feed oilers, or 
drip  cups. R eagents were fed ordinarily  a t a rate

Hoist 
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GENERAL FLOW SHEET FOLLOWED ON CLOSED CIRCUIT OPERATION.— £ °
OPTIONAL M .S. OR A IR  L I F T  ROUGHING . / * =
C ALLO W  C LE AN IN G . 6C e//, 9 " M in e ra ls  Separ- \_
Circuits followed on a ir  l i f t  operation s h o w n ____________________ a tio n  S u b -a era tio n  m ach ine ,

” ” ” M S . » n _____________________rou g h er
” com m on to e ither a ir  l i f t  or M. S. operation shown s •

/  M.S. F in a l tails 
*> wasfz

s a m p le r

F l o w  S h e e t  o f  R o a n  A n t e l o p e  P il o t  P l a n t .

and more suitable grind ing  and  classifying equ ip
ment.

The reagents used in  th e  flo ta tion  dep artm en t 
were in general Aerofloat, po tassium  x an th a te , 
and steam -distifled pine oil and cresylic acid. 
These were used in  vary ing  com bination  th roughout

of 4 to  2 0  drops p er m inute . T his was the  range 
m ade possible by th e  use of sight-feed oilers. This 
m ethod of feeding proved en tire ly  satisfactory, 
although calling for close inspection. The problem 
of discovering how to  feed such sm all am ounts of 
reagents required in  a p lan t of such lim ited  capacityty
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gave some difficulty a t  first. However, th e  au tho r 
had previously used drip  cups for th is  purpose 
in the te s t p lan t of th e  In tern a tio n a l Sm elting 
Company a t  Tooele, U tah , on lead-zinc work. The 
cost of reagents delivered a t  th e  present tim e a t  the  
Roan Antelope p ro p erty  is roughly 50% more 
than in th e  W estern  sta tes.

Use of lime was found n e ith e r beneficial nor 
detrimental w ith in  reasonable am ounts ; th a t  is, 
the presence of lim e had  little , if any, effect on 
grade of concentrate or recovery. A ddition  of 
lime was no t found necessary, because of the  
basic characteristic  of th e  ore and because bo th  the  
mine water th a t was used in  the  p ilo t p lan t operation, 
as well as the  w ater from th e  local rivers, was slightly  
alkaline. In  th e  large p lan t i t  is expected to  use 
lime to facilitate  se ttlem ent of th e  ta ilin g  for 
recovering w ater. I t  is obvious th a t  any  lime 
returning to  th e  m ill in  reclaim ed w a ter will do no 
harm in the flo tation  circuit.

Owing to  th e  lack of o ther th an  copper-bearing 
sulphides in the  ore, an  excellent grade of concen
trate and a rem arkably  high  recovery were obtained. 
This will be seen in  th e  following represen tative  
tables of p ilo t p lan t operation  on four different 
lots of ore from as m any  w orking places. R esults 
obtained from a continuous run  of 14 shifts on 
crosscut ore from No. 3 shaft, a t  420 ft. vertica l 
depth, were as follows :—

%

A run  of 20 sh ifts on ore from  No. 10 shaft gave

Feed, Cu . 3-52
Tailing, Cu . . 0-22
Concentrate, Cu . . 50-05
Concentrate, Fe . . 3-49
Concentrate, insoluble . . 27-9
Concentrate, S . 13-45
Calculated recovery . 94 -10

A run of 23 shifts on ore from a different crosscut
in No. 3 shaft gave th e  following results

Feed, Cu . 3-41
Tailing, Cu . . 0-207
Concentrate, Cu . . 55-26
Concentrate, Fe . . 3-49
Concentrate, insoluble . . 20-4
Concentrate, S . 15-17
Calculated recovery . 94-26

com parable results :—
%

Feed, Cu . . . . .
/o

. 3-39
Tailing, Cu . . 0-255
C oncentrate, Cu . . . . . 51-08
C oncentrate, Fe . . 3-69
C oncentrate, insoluble . . 25-03
C oncentrate, S . 14-89
C alculated recovery . 92-94
A run  of 47 sh ifts on ore from No. 2 shaft gave

th e  following results :—
°/

Feed, Cu
/o

. 3-71
Tailing, Cu . . 0-207
Concentrate, Cu . . . . . 49-01
Concentrate, Fe . . 4-63
Concentrate, insoluble . . 27-46
Concentrate, S . 15-13
Calculated recovery . 94-32
The average results of tw elve shifts tak en  from 

ten  days’ operation  on ore from No. 9 shaft is as 
follows : Concentrate, 64% Cu, 4% Fe, 10%
insoluble, 18% S. Tailing, 0T5%  Cu. These d a ta  
are given m erely to  show w hat i t  is possible to  do 
on th is  ore when the  conditions more nearly approach 
th e  ideal, as th ey  did in  th is  operation. This 
p a rticu la r ore apparen tly  was more h ighly silicified, 
a condition  which resulted  in  a correspondingly 
sm aller production  of slime. Screen analysis of the  
flotation concentrate showed i t  to  be 96 to  98% 
m inus 200 mesh. T he concentrate se ttled  very  
quickly and was easily filtered. I t  was alm ost 
impossible to  m ain tain  steady  and satisfactory  
cleaning and re-cleaning operations in  a  p lan t of 
such small capacity  and on such a  high ra tio  of 
concentra tion  giving such a re la tively  small q u a n tity  
of concentrate to  re -treat. This condition na turally  
will n o t exist in  the  fu ture  economic operation, and 
concentra te  averaging from 55 to  65% copper 
m ay no t unreasonably be an tic ipa ted , w ith  eventual 
recoveries th a t  will be a t least equal to  those 
obtained. In  conclusion, i t  m ay  be said th a t 
equally  good results were obtained from th e  use 
of M inerals Separation and a ir-lift ty p e  m achines 
shown in the  flow sheet when operating  consecutively 
on ore from th e  sam e respective worldng places.

SEISMIC M ETHOD S IN GEOPHYSICS
In our issue of F eb ru ary  las t abstrac ts  were given 

from a paper by  W . H . Fordham  on th is  subject, 
which gave some p articu la rs  of th e  in strum en ts 
employed and we append here a b strac ts  from A. O. 
Rankine’s paper a t  the  M arch m eeting  of the  
Institu tion  of M ining and M etallurgy, which i t  will 
be seen deals w ith  th e  general principles of th is  
im portant and increasingly  in te res tin g  m ethod.

The au th o r asked th e  question  : ' 1 How does a 
seismograph, by  recording th e  tim es of arriva l of 
the d isturbances tran sm itte d  to  i t  th rough  th e  
earth from an explosion, enable us to  estim a te  the  
depths and shape of th e  in terfaces betw een s tra ta  
of different m ateria ls ? ” W h at are th e  p a rticu la r 
materials is no t for th e  m om ent im p o rtan t. The 
interface, for exam ple, m ay  be th a t  betw een a 
salt-dome and  the  overly ing sands and clays, or 
a lim estone an tic line  such as occurs in  th e  Persian 
oilfields. W h at is necessary for th e  successful 
application of th e  seism ic m ethod is th a t  certain

physical p roperties of th e  s tra ta  should change 
ab ru p tly  across th e  interface, and th a t  th e  ex ten t 
of the  in terface should be large com pared w ith  its 
dep th  below th e  surface.

The earth , if shaken in  any  w ay, for exam ple 
by  a n a tu ra l earthquake  or an explosion deliberately  
arranged, has th e  power of tran sm ittin g  the  
disturbance a t  definite speeds th rough  its  crust 
to  d is tan t poin ts. I t  does n o t tran sm it well ; the  
v ibrations are rap id ly  dam ped ou t as th ey  progress 
and consequently  v io len t shocks are required  to 
m ake them selves felt a t  considerable distances. 
The earth  being a  solid, th e  d isturbance in  general 
consists of two p a rts  (a) a  longitudinal d isturbance 
in which th e  v ib ra tio n  coincides w ith  th e  
p ropagation  d irection , and  (b) a  transverse  
disturbance w ith  a v ib ra tio n  d irection  a t  righ t- 
angles to  th e  form er. Of th e  tw o th e  longitud inal 
d isturbance travels m uch more rap id ly , and as the  
m ethod we are describing depends on th e  tim es of
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arriva l a t  the  seism ograph of those d istu rbances 
first reaching it, we m ay  leave o u t of consideration  
th e  slower transverse  d isturbances, and  th u s avoid 
for p resen t purposes th e  com plications of th e  
com plete theory .

T he fundam ental requ irem ent as regards th e  
physical properties of th e  m edia above and  below 
th e  in terface which i t  is desired to  locate by  the  
seism ic m ethod is th a t  th e  velocity  of long itud inal 
d isturbances m ust be less above th e  in terface th an  
below it. This condition  is fulfilled, for exam ple, 
by  Texas salt-dom es, th e  velocity  in  sa lt being 
ra th e r  m ore th a n  5,000 m. per sec., and  in  th e  over- 
lying  sands and  clays ab o u t 2,000 m. p er sec. In  
general, if Vj is th e  velocity  in  th e  u p per m edium  
and  V2 th a t  in  th e  lower m edium , V 2/V1 m ust be

g reater th an  u n ity , and th e  g reater th e  value of 
th is  ra tio  th e  more favourable will th e  conditions 
be for app ly ing  th e  seism ic m ethod.

L et us consider first th e  sim plest possible case, 
nam ely, a horizon tal in terface X X  (Fig. 1) below 
th e  e a r th ’s surface YY (also horizontal) a t  a d ep th
h. Suppose, too, th a t  th e  e a r th ’s surface receives 
a sufficient shock a t  O, and  th a t  a  seism ograph is 
s itu a ted  a t  A ,  capable of recording (a) th e  in s ta n t 
of occurrence of th e  shock, and  (6) th e  tim es of th e  
subsequent a rriv a l of th e  various d istu rbances. (In 
practice  th e  shock is produced by  an  explosion, and 
th e  in s tan t of occurrence is tran sm itte d  b y  a w ire
less signal a c tu a ted  by  th e  explosion. The 
seism ograph, also, can be designed to  record, if 
required, bo th  vertica l and  horizon tal m ovem ents 
of th e  e a r th ’s surface a t  A .)  I f  we t re a t  th e  problem  
according to  th e  o rd in ary  laws of reflection and  
refraction, tw o d istu rbances of a long itud inal 
character m ay  be expected  to  reach th e  seism ograph 
a t  different tim es. F irs t, th e  d irec t d istu rbance  
trave lling  close to  th e  surface from  O to  A  w ith  a 
velocity  V x, and  therefore  a rriv in g  a t  a  tim e  

OAt i  =  —- reckoning from  th e  in s tan t a t  w hich th e  
* i

explosion occurred. Secondly, th e re  will be a 
d istu rbance reflected a t  D, and  trav e llin g  by  th e  
p a th  ODA, so th a t  OD an d  D A  m ake equal angles 
w ith  th e  interface. T he tim e  occupied for th is  p a th , 
w hich is wholly in  th e  u p p er m edium , is 

. _ O D  +  D A ,

Vian d  th is  m akes t 2 necessarily  g rea te r th a n  t 1; for 
OD -|- D A  is g reater th a n  OA, th e  th ird  side of th e  
triang le  O D A . This is u n fo rtu n a te , for i t  generally  
rules ou t th e  possib ility  of m easuring  t 2. F o r th e  
reflected d isturbance is o ften  sm all com pared w ith  
th a t  a rriv ing  d irec t by  th e  p a th  OA, and  th e  la tte r  
usually causes the  seism ograph to  be d is tu rbed  for

a  tim e  m uch g rea ter th a n  th e  difference between 
t x and  t 2. Consequently, th e  reflected effect becomes 
obscured by th e  larger and  s till  persisting  direct 
effect, and  i t  is on ly  in  excep tiona l cases th a t  i t  can 
be identified.

If we consider re fracted  rays, i.e. those passing 
in to  th e  lower m edium , i t  is clear th a t  all of them 
will be d irected  dow nw ards, as O EF, and  will not 
again  reach  th e  surface. W ith  one extreme 
exception . T he ray  OB, w hich m akes an angle dc— 
th e  c ritica l angle—w ith  th e  norm al, has its  counter
p a r t  in  th e  ra y  BC  w hich  grazes along below the 
in terface , and  corresponds also to  any  ray  such 
as CA  em erging again  in to  th e  upper m edium  also 
a t  th e  c ritica l angle, and  reach ing  th e  seismograph. 
(The value of 6C is, of course, given by  th e  relation 
sin  9C =  1G /V 2). A p a rt from  th e  question  of how 

y  m uch energy follows th is  p a th  (this will be 
-  considered la te r), i t  is obvious th a t  th e  tim e of 

transm ission  m ay  becom e less th a n  th a t  for the 
d irec t p a th  O A . For, w hen OA is great, the 
ad v an tage  accruing from  th e  h igh  velocity V2 
over th e  p a r t  B C  of th e  p a th  m ore th a n  compensates 
for th e  delay  due to  p e n e tra tio n  down to  the inter- 
face and  back  to  th e  surface again. Thus, even a 

X sm all d istu rbance, trav e llin g  by  th e  equivalent 
p a th  O BC A, would, a t  g rea t enough distances, 
reach th e  seism ograph earlier th a n  th e  relatively 
g rea t d irec t d istu rbance. U nlike th e  reflected 
effect, its  in it ia tio n  would be recognizable on the 
seism ogram  because i t  would n o t be inextricably 
m ixed up w ith  th e  larger m ovem ents which follow 
it. T his would be a ve ry  g rea t advantage, for, as 
will be seen la te r, i t  would p rovide means of 
de term in ing  th e  dep th  of th e  in terface, in  terms of 
th e  m easured tim es of a rriv a l of th e  in itia l impulses 
a t  th e  seism ograph in  various positions w ith  respect 
to  th e  explosion.

Before going fu rth er, how ever, we m ust consider 
th e  question  of w h e th er in  actu a l fact any energy 
a t  all trav e ls  b y  th e  p a th  u nder investigation. 
A ccording to  th e  o rd in ary  laws of refraction  there

S e ism o ^ ra /sK  p o s i t io n

F i g . 2.

F i g . 1.— Explosion a t  O, seism ograph a t  A , bo th  
as e a r th ’s surface YY. V elocity above in te r 
face X X  is Vj, below V2, w ith  V 2 >  V L.
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is none, for th e  d istu rbance  a t  B  would from  th is  
point of view  suffer to ta l reflection, and no energy 
would en ter th e  lower m edium . On th is  basis no 
practical app lication  of th e  phenom enon could be 
made. Y et th e  fact rem ains th a t  th e  effects of 
natural earthquakes, a t  d istances so sm all th a t  th e  
curvature of th e  ea rth  p lays no im p o rtan t p a rt, 
do indicate on seism ographs prelim inary  dis
turbances of appreciable m agnitude, which 
appear to  have trave lled  by  p a th s sim ilar to  th a t  
indicated above ; a t  any  ra te , th e  tim es of arrival 
are consistent w ith  th e  assum ption  of such paths. 
This apparen t con trad iction  has been to  some 
extent satisfactorily  explained by Dr. H. Jeffreys,1 
who has given reasons for regarding th e  problem , 
in relation to  sho rt distances, as one of diffraction 
rather th an  refraction . The theo ry  he develops 
leads to  th e  curious, and, from  our p resen t po in t 
of view, sa tisfactory  conclusion th a t  an  appreciable 
amount of energy m ay be expected to  a rrive  a t  A 
a t a tim e calculable by  m aking th e  erroneous 
but simple assum ption th a t  th e  o rd inary  laws of 
refraction do apply , w ith  OBCA  as th e  p a th .

On th is basis we m ay expect sim ilar effects in 
the smaller-scale problem  of re la tiv e ly  shallow 
subsurface structu res, using artificial explosions 
instead of n a tu ra l earthquakes. T his is, indeed, 
the essence of th e  seismic m ethod ; th a t  i t  is possible 
to identify on th e  record produced by  a seism ograph 
sufficiently rem ote from th e  explosion, th e  tim e 
of arrival of a  sm all b u t definite p relim inary  
disturbance, which corresponds to , b u t does n o t 
actually follow, th e  lim iting  grazing p a th  of the  
kind described.

The procedure in  practice  is to  ob ta in  seismo- 
graphic records a t  a  sufficient num ber of distances 
in a stra igh t line from th e  explosion po in t. Each 
seismogram shows th e  in s tan t of explosion (trans
mitted wirelessly) and th e  in te rv al elapsing betw een 
this and th e  first a rriva l of th e  earth-borne 
disturbance. There follows, if  th e  record extends 
over a long enough period, th e  d istu rbance due to  
the much slower air-borne wave, used a t  one tim e 
to derive th e  in s ta n t of explosion, b u t in  m odern 
practice th is  is no longer of im portance. The onset 
of the earth-borne d istu rbance changes ty p e  as the  
distance increases. For sho rt d istances th a t  
travelling by th e  d irect p a th  OA  (Fig. 1) arrives 
first, and if a g raph is p lo tted , as in  Fig. 2, w ith  
time of arriva l (reckoned from  th e  in s tan t of 
explosion) as o rd inate, and d istance from  explosion 
point as abscissa, a s tra ig h t line OP  is obtained, the
slope of which is a m easure of . A t a certain

distance, denoted by x, th e  ind irect d isturbance 
corresponding to  th e  p a th  OBCA  (Fig. 1) arrives 
simultaneously w ith  th e  d irect d istu rbance. T here
after, a t  g reater distances, th e  sm all ind irect 
disturbance a rrives first, and corresponds to  th e  
branch PQ  of th e  tim e-graph , th e  slope of which
measures -L . Owing to  its  re la tive ly  g reat m agnitude 

2the tim e of a rriva l of th e  d irect d istu rbance is 
usually recognizable even when i t  reaches the  
seismograph after th e  in d irect one ; th is  is shown 
in the d o tted  line P R , w hich is a con tinuation  of OP. 
In practice, however, th is  b ranch  of th e  curve is

1 H. Jeffreys : “ On Com pressional W aves in Two 
Superposed L ay e rs .” Proc. Camb. Phil. Soc., 
vol. xxiii, p. 472 (1926).

n o t of im portance, for we are concerned p rim arily  
w ith  first a rrivals throughout.

If th e  slopes of OP  and  PQ  differ considerably,
i.e., if th e  ra tio  X? is large, th e  p o in t P  a t  which the

break  in  th e  curve occurs can be found accurately, 
and consequently  th e  d istance x  a t  which th e  
transm ission tim es of th e  d irec t and in d irect 
d isturbances are equal. A re la tion  ex ists betw een 
* and  th e  dep th  h of th e  in terface, w hich is con
ven ien tly  expressed by  th e  equation  :—

h 1 —■ sin
2 cos (a)

Moreover, th e  value of th e  critica l angle is given 
by  th e  ra tio  of th e  slopes, of th e  lines OP  and  PQ. 
For

slope of PQ X / L = Y l = s in 6C.
slope of OP  v 2/ Y x V 2

Thus th e  graph in  Fig. 2 ob tained  from  th e  
seism ogram s provides th e  d a ta  for calculating  the  
dep th  h of th e  interface, and inciden ta lly  gives the  
velocities in  th e  upper and lower m edia. For 
exam ple, if  V2 =  2Vi, sin Bc =  £ or 0C =  30°. 
In se rtin g  th e  values in  equation  (a) we ob ta in  
h 1
— =  - —=  =  0-288, which gives h as abou t 29% of*.

X  A  w o
The stru c tu re  chosen for th is  a rgum ent is th e  

sim plest possible one, b u t i t  emphasizes th e  funda
m ental principle upon which the  seismic m ethod  is 
based, nam ely  th e  elucidation  of underground 
stru c tu re  by  exam ination  and  in te rp re ta tio n  of the  
tim e-graphs of in itia l d isturbances received by 
seism ographs, and more p a rticu larly  th e  discon
tin u itie s  shown by these curves. M any more com 
plicated  cases arise in  practice. The in terface m ay 
be sloping instead  of h o r iz o n ta l; i t  m ay n o t be 
plane, or i t  m ay have a b ru p t changes of direction, 
as in  faults. Moreover, th ere  m ay be m ore th a n  two 
superposed s tra ta . All such com plications introduce 
new unknow n variables besides th e  depth , whose 
effects can  be w orked o u t theoretically . To deal 
w ith  these add itional features in practice i t  is 
necessary to  m ultip ly  th e  observation  points, and 
to  change b o th  th e  position  of the  explosion point 
and th e  direction  of th e  observation  line. In  all 
cases th e  m ethod of a tta c k  has to  be ind irect, th a t  
is, a probable form  of s tru c tu re  m ust be assum ed, 
and th e  corresponding expected results calculated ; 
these are th en  com pared w ith  the  field observations, 
and  th e  general assum ptions modified, if necessary, 
u n til sa tisfactory  agreem ent is secured. 
A ccum ulated experience is, of course, also of great 
value, since i t  facilitates th e  recognition of particu lar 
forms of th e  tim e-distance-graphs associated w ith  
p a rticu la r types of underground struc tu re .

A num ber of exam ples were th en  given of typ ica l 
tim e-graphs and  th e ir  in te rp re ta tio n , including 
some of the  more com plicated cases and th e  au th o r 
concluded his paper as follows :—No real difficulty, 
except th a t  of th e  labour com putation , presents 
itself in  dealing theoretically  w ith  still more com 
plicated  structures. The calculations are tedious, 
and som etim es i t  is necessary to  resort-to  graphical 
m ethods. B u t provided there  are sufficient surface 
d a ta  none of th e  problem s is really  insoluble. 
There are, of course, cases where th e  p ractica l 
lim ita tio n s of th e  m ethod, as a t  p resent used, 
p rev en t enough d a ta  being  ob tained . If, for 
exam ple, th e  stru c tu re  sought is very  deep, or if 
there  are only small differences in  th e  velocity  in
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th e  m edia, th e  ranges of observation  m ay be beyond 
the  sen sitiv ity  of th e  in strum en ts available, even 
when th e  g reatest practicab le  explosion is used. 
The line of a tta c k  here is obviously th a t  of im prove
m ent in th e  seism ographs and  in  th e  efficiency w ith  
which th e  ea rth  is shaken by  th e  in itia l explosive 
d istu rbance. Im provem ent of in stru m en ts m ay also 
lead to  ano ther m ethod of dealing w ith  th e  problem . 
A three-com ponent seism ograph, i.e. one g iving the  
v ertical and two horizontal com ponents of the  ea rth 's  
m ovem ent, if i t  could be m ade to  record these  
m ovem ents precisely, would enable th e  angles, of 
emergence of the  d isturbances reaching th e  e a r th ’s 
surface to  be determ ined. This would add  to  our 
knowledge of underground stru c tu re  by  prov id ing  
a check on th e  calculations in  th e  previously  
described m ethod.

This whole question  is, however, bound up w ith  
th a t  of celerity  of survey. The chief adv an tag e  of 
th e  seism ic m ethod over th e  g rav ity  m ethod is th e  
re la tive  rap id ity  w ith  which results can be obtained,

bo th  as regards th e  field observations themselves 
and  th e  calculations th a t  have to  be m ade therefrom. 
W e m ust, I th in k , be careful to  preserve th is  feature 
even a t  th e  expense of som e accuracy. The 
seism ograph should be regarded as th e  pioneer, 
to  be followed, if desirable and  possible, by the 
to rsion  balance to  secure m ore exac t information. 
W here th e  e a r th ’s surface is rough, however, the 
g ra v ity  m ethod  becom es in a p p lic a b le ; in such 
c ircum stances i t  seems th a t  we shall have to rely 
on th e  seism ic m ethod  as th e  chief weapon of 
a tta c k  upon deeply-buried s tru c tu res. Consequently, 
i t  m ay  u ltim a te ly  be necessary to  develop the 
m ethod  on m ore precise lines, so as to  take into 
accoun t factors h ith e r to  neglected. The most 
im p o rta n t of these  seems to  be th e  probable 
cu rv a tu re  of th e  d istu rbance  p a th s , arising from 
gradual increase of velocity  w ith  d ep th  in the  various 
s tra ta , in  a d d itio n  to  th e  a b ru p t changes a t the 
in terfaces upon w hich th e  approxim ate  theory 
solely depends.

T H E  FROOD O R E DEPO SIT : A
A t the  A nnual General M eeting of th e  C anadian 

In s ti tu te  of M ining and  M etallurgy C. V. Corless 
read a paper on th e  Frood ore deposit w hich is 
published in  th e  M arch Bulletin. W e quote  below 
therefrom  verbatim.

T he origin of various types and  groups of ore 
deposits was some years ago a sub ject of m uch 
controversy. To th is  s ta tem en t th e  copper-nickel 
deposits near Sudbury  afforded no exception . 
N ot since th e  R eport of th e  O ntario  N ickel Com
mission, in  1917, has there  been an y  serious d is
cussion of th e  origin of th is  very  im p o rtan t group. 
This m ay  be because, from  th e  opening-up of 
M urray m ine by th e  B ritish  A m erica N ickel Corpora
tio n  u n til th e  recen t w ork a t  Frood m ine, no new 
orebody of im portance has been developed in  
th e  d istric t.

The controversy  fifteen or tw en ty  years ago 
betw een those who favoured th e  th eo ry  of m agm atic 
segregation, am ong whom  D r. A. P. Coleman 
was th e  leading exponent, and  those who considered 
th a t  m ost, if not all, of th e  Sudbury  deposits could 
more satisfactorily  be accounted  for by  th e  th eo ry  
of replacem ent, will be rem em bered by  m any  
m em bers of th e  In s titu te . Perhaps, as too  often  
happens in  controversial discussion, each side 
tended  to  over-em phasize th e  im portance of those 
geological phenom ena w hich seemed to  be m ost 
easily accounted for by  th e  th eo ry  i t  favoured. 
A more balanced view  would perhaps a d m it th a t  
replacem ent was p robably  predom inan t in  th e  
form ation of m ost of th e  offset deposits, and 
m agm atic segregation in th a t  of m ost of th e  m arginal 
deposits. B ut there  is danger in  generalization. 
E ach body of ore should be s tu d ied  by  itself, and  
no general conclusion of th is  k ind  should be allowed 
to w arp th e  judgm en t in  m aking  such a  study .

I t  is th e  purpose of th e  presen t pap er to  sum m arize 
briefly a few in teresting  facts th a t  have been 
revealed by  diam ond drilling, and  b y  th e  develop
m ent com pleted a t  th e  tim e  of w riting , in  w hat 
appears a t  present to  be th e  largest body of copper- 
nickel ore in  th e  Sudbury  area, and  to  offer a 
ten ta tiv e  hypothesis suggested by  these facts, in 
the hope th a t investigation  and  discussion regarding 
the  origin of th is  very  im p o rtan t group of ore 
deposits m ay be renewed.

SUGGESTION AS TO  ITS ORIGIN
Allusion has a lready  been m ade to  th e  grouping 

of th e  orebodies, by  Dr. Coleman, in to  two classes :
‘ m arginal deposits ’ and  ‘ offset deposits.’ The 
la tte r, i t  m ay  be rem em bered, he fu rth er subdivided 
in to  ‘ colum nar offsets ’ and  ‘ parallel offsets.’ 
T he Frood orebody he classified as a  parallel offset. 
As will be seen by inspection  of his well-known 
and  m ost useful geological m ap, th e  surface of the 
offset in  w hich th e  Frood orebody occurs is roughly 
tw o miles in  length , and is a t  an  average distance 
of ab ou t one mile from  th e  sou thern  m argin of the 
n orite  laccolith.

If  we were to  speculate as to  th e  origin of such 
offsets, we m igh t n a tu ra lly  surm ise th a t the 
profound d istu rbance w hich m ust have accom
panied  th e  m ovem ent in to  a new position in 
th e  e a r th ’s crust, of several hundreds of cubic 
m iles of fluid m agm a com prising th e  Sudbury 
laccolith, from  some, p robab ly  near-lying but 
m ore deeply  seated , reservoir, m ay  have caused 
local cracks, or zones of sha tte rin g  and weakness, 
in to  w hich sheets, or dykes, or ‘ offsets ’ of magma 
from  th e  sam e general source were forced. Such 
conception of th is  d e ta il of th e  geological event need 
n o t im ply  th a t  an y  such crack  was ever actually 
w ide open. B u t how ever we m ay  im agine the Frood 
offset to  have orig inated , th e  fact rem ains th a t the 
g reatest know n copper-nickel orebody in the 
S udbury  area  is a large p a r t  of it.

The Frood orebody has a north -east to  south-west 
s trike , and, on th e  Mond Nickel C om pany’s property, 
a no rth -w esterly  d ip  of ab o u t six ty  degrees. The 
ore is of th e  ty p e  usual in  th e  Sudbury nickel- 
copper m ines, consisting of a m ix ture  of sulphides 
of iron, copper, and nickel, w ith  sm all amounts of 
gold, silver, and platinoids, and  varying amounts 
of rock m atter. The sulphides are chiefly pyrrhotite 
(w ith a sm all percentage of p y rite ), chalcopvrite, 
and  pen tland ite . The p en tlan d ite  is generally 
more in tim ate ly  d is trib u ted  th roughou t the  pyrrho
t i te  th an  is th e  chalcopyrite  ; b u t a  considerable 
am ount of th e  p en tlan d ite  is easily  distinguished 
b y  its characteristic  colour and  cleavage.

The sulphides in  th e  upper 800 ft. of th e  orebody, 
or thereabouts, are largely th ick ly  sp o tted  through 
rock. There is, in  fact, so large a  percen tage of rock 
m atte r  in  th is  p a r t  of th e  orebody th a t,  unless the



ore is used as a flux for cleaner ore, i t  will 
undoubtedly be m illed before sm elting.

The ore im proves w ith  dep th  u n til, a t  about 
800 ft. from surface, well over 50% of th e  whole is 
low enough in  rock con ten t to  be su itab le  for direct 
smelting. The sm elter grade of th e  block of ore 
between 800 and 1,100 ft. d ep th  (on th e  Mond 
Nickel Com pany’s property) averages 2-1% copper 
and 2-4% nickel. In  th e  nex t 300 ft. block, from
1,100 to  1,400 ft. dep th , th e  rock con ten t has 
further dim inished, copper rem ains nearly  constant, 
and nickel increases to  2-7% . In  th e  300 ft. block 
from 1,400 to  1,700 ft. depth , rock m a tte r  fu rther 
decreases and nickel again  sligh tly  increases. From
1,700 to 2,000 ft. depth , b o th  copper and nickel 
increase and rock m a tte r  still fu rth er dim inishes. 
The average assay of nickel and copper com bined 
is over 5% in th is block, th e  ra tio  of copper to  
nickel being approxim ately  th ree  to  four.

As implied in  th e  above, th e  Mond N ickel 
Company sank a 2,000 ft. shaft and opened-up 
the ore in 300 ft. blocks from  800 to  2,000 ft. depth . 
The steady im provem ent in  th e  grade of th e  ore 
thus opened-up, and  to  a  slightly  g reater dep th  
as indicated by  a few holes drilled from surface to 
a little over 2,000 ft. depth , proved to  be of so 
much in terest th a t  th e  Com pany decided to  d rift 
into the hanging-wall, in order to  continue th e  
exploration by  drilling to  a  d ep th  of ab ou t 3,500 ft. 
(from surface).

The results of th is  underground drilling  were so 
important th a t  th e  2,000 ft. shaft was deepened 
with all possible speed to  3,350 ft., and th e  ore 
was quickly opened-up on the  2,800 ft. and 3,100 ft. 
levels. At tim e of w riting, th e  average analysis of 
the large ore section developed on th e  2,800 ft. 
level is approxim ately  12-5% insoluble, 7% copper, 
3% n ickel; and of th a t  on th e  3,100 ft. level is 
3-1% insoluble, 21% copper, 1-7% nickel. On the 
latter level, as will be observed, th e  enrichm ent 
in copper has become so great th a t  th e  chalco- 
pyrite and rock m a tte r  together to ta l ab ou t 70% 
of the whole, leaving only abou t 30% for the  
pyrrhotite and pen tland ite . Of th is  rem ainder 
(30%), the nickel is betw een 5 and 6% . And, indeed, 
if a similar calculation is m ade for any  o ther level, 
the nickel will be found to  be a rem arkably  constan t 
percentage of th e  p y rrh o tite  and p en tland ite  taken  
together. The pen tlan d ite  is generally about 
one-sixth of th e  tw o m inerals tak en  together, or 
about 20% of th e  p y rrh o tite  w ith  which i t  is 
associated. This approxim ate  constancy of ra tio  
between th e  p en tland ite  and  th e  p y rrh o tite  in the  
different blocks of ore m ay  be due to  th e  p ractical 
identity of th e ir  specific gravities. Or, i t  m ay be 
partly due to  considerable sim ilarity  in  th e  chem ical 
properties of iron and nickel, and to  th e  com 
paratively slight difference (about 5% ) in  th e ir 
atomic weights.

Before en tering  in to  a discussion as to  w hat 
light, if any, these facts m ay  cast on th e  origin 
of the Frood deposit, i t  m ay  be well, by  a  brief 
summary, to  focus a tte n tio n  on them  a little  more 
sharply :—

(1) Viewed broadly , th e  Frood ore, as far as 
developed, shows a steady  d im inution  in  rock 
m atter and increase in  sulphide content, w ith  depth, 
passing from ' spo tted  n o rite  ’ or ‘ spo tted  d iorite  ' 
in the upper levels, to  practica lly  clean sulphides 
at about 3,000 ft. depth.

(2) Though th ere  are local varia tions, th e  nickel- 
bearing m ineral, pen tland ite , bears a rem arkably

constan t ra tio  to  th e  p y rrho tite , if th e  rock m a tte r  
and chalcopyrite  are allowed for in  th e  average 
analyses of th e  large blocks of ore developed down 
to  3,100 ft. depth .

(3) Though the  chalcopyrite  is more variab le  th an  
th e  p en tland ite , as is tru e  in  all Sudbury  copper- 
nickel ore deposits, y e t th e  copper percentage of 
th e  to ta l sulphides, as shown by  average analyses 
of th e  blocks of ore down to  2,000 ft. depth , is fairly  
uniform . A clearly noticeable increase in  copper 
percentage begins a l ittle  below 2,000 ft. ; th is  
increase becomes m arked  a t ab ou t 2,500 ft. ; i t  is 
so m arked from 2,800 ft. to  3,100 ft. th a t ,  a t  the  
la tte r  depth , th e  chalcopyrite  constitu tes about 
65% of th e  to ta l ore. Incidenta lly , i t  m ay be added 
th a t  th e  gold, silver, and  p latino ids increase som e
w hat beyond th e  p roportionate  increase in  base 
m etals.

Now, these appear to  th e  w riter to  be phenom ena 
which we m ight infer would probab ly  result from 
a  re la tive ly  sudden in jection  of a large body of 
h ighly fluid m agm a, very  rich  in  sulphides of 
iron, nickel, and copper, forced in to  th e  e a r th ’s 
c rust along some local, no t too far from vertical, 
plane of weakness. As a lready suggested, su itable 
conditions for such a geological occurrence m ay have 
been afforded during  th e  upheaval, before local 
conditions had  recovered balance and becom e stable, 
e ither after, or closely accom panying, th e  m ajor 
in trusion  of th e  hundreds of cubic miles of m agm a, 
th e  uneroded rem nan t of which is now known as 
th e  Sudbury  no rite  laccolith.

If  th is  fundam ental conception of a sudden 
in trusion  of a richly  m ineralized body of m agm a, 
the  uneroded p a r t  of which now constitu tes th e  
Frood offset, be granted , th e  rest is easy to  im agine. 
Such a large body of m agm a, heavily  loaded w ith  
sulphides, encased betw een walls of ra th e r low 
heat-conductiv ity , would probably  rem ain fluid 
for sufficient tim e to  effect th e  differentiation  w ith  
dep th  which is being revealed by  th e  recent explora
tio n  and  developm ent. W ith  its  heav ily  concen
tra te d  load of sulphides, such d ifferentia tion  would 
be very  rap id , as is illu stra ted  by  th e  rap id  separa
tio n  of sulphides and  slag in  a furnace se ttle r or 
forehearth. Possibly th e  conductiv ity  for heat, 
of th e  n o rth  wall of th e  offset (the p resent hanging- 
wall), m ay  have been slightly  lessened by the  
nearness of th e  large laccolith, which m ay  n o t y e t 
have solidified. A t any  ra te , during  th e  period 
of regrouping of the  elem ents and incip ien t crystal
liza tion  of th e  m inerals, while th e  m agm a of the  
offset was still h ighly  fluid, a  large percentage of 
th e  lig h te r rock-form ing m inerals would ten d  to  
float, an d  th e  sulphides would ten d  to  sink, form ing 
w ith  increasing dep th  an increasingly rich  concen
tra tio n  of ore in  th e  lower p a r t  of th e  magma, 
th e  uneroded p a r t  of which in  th e  course of m illions 
of years was to  be known as th e  Frood ore deposit. 
The analogy of th is  differentiation  w ith  the  separa
tion , by  g rav ity , of slag and m atte  in  a furnace 
se ttle r, m ay  be useful, b u t should n o t be pushed 
too far. The volume and  d ep th  of th e  m olten 
m aterials in a se ttle r do no t perm it of any  perceptible 
differentiation  beyond separation  in to  slag and 
m atte . Nor should a m agm a be considered as a 
m ere m elt of th e  m ateria ls we now find to  have 
crystallized o u t from  it. In  try in g  to  account 
in  th is  w ay for th e  enrichm ent in  copper on the  
deeper levels of the  m ine, we have to  consider these 
facts : The atom ic w eight of copper is abou t
8% greater th an  th a t  of nickel and  abou t 14%
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greater th an  th a t  of iron. B ut chalcopyrite  is 
ab o u t 9% lower in  specific g rav ity  th an  e ither 
p en tlan d ite  or p y rrho tite . Possibly under th e  
physical and  chemical conditions ex isting  a t  th e  
tim e, some heav ier m ineral th a n  chalcopyrite  
m ay have  first form ed. Or, again, th e  re la tiv e  
specific g ravities of chalcopyrite, p en tland ite , 
and py rrh o tite , before and  a fte r  c rystallization , 
m ay be qu ite  different. If anyone has reliable 
d a ta  on these points, i t  is hoped th ey  will be brought 
o u t in  discussion. Otherwise, if  th e  hypothesis 
suggested w ithstands criticism , these  po in ts should 
be investigated .

As a lready ind icated , th e  w riter is aware of the  
controversial n a tu re  of any  hypothesis regarding 
th e  origin of any  Sudbury  ore deposit. The above 
suggestion, of an  original segregation of sulphides 
by g rav ity  in  th e  p a ren t m agm a, before in trusion  
of th e  laccolith, and  of a fu rth e r d ifferen tia tion  
a fte r th e  in tru s io n  of th e  Frood offset, is p u t 
forward, however, in  th e  hope th a t  geologists, 
who are b e tte r  fitted  by th e ir  tra in in g  and  have more 
tim e to  consider such questions th a n  m ining 
engineers, who m ust give first a tte n tio n  to  ex traction  
and reduction  of th e  ore, w ill renew  research and  
discussion on th e  origin of th e  Sudbury  copper- 
nickel deposits. I t  is perhaps n o t possible th a t  
com plete agreem ent should be reached on so 
debatable  a subject. P robab ly  th e  ore in  th e  
various deposits, and  even in  d ifferent p a r ts  of 
ind iv idual deposits, reached its  p resen t position  
in  more th a n  one way. I t  is suggested th a t ,  if th e  
above hypothesis casts lig h t on th e  origin of the  
Frood deposit, th e  L evack orebody (or ra th e r  
orebodies), as well as some others, should be 
reconsidered. The d is tr ic t has become so im p o rtan t 
th a t  i t  m erits m uch m ore thorough  and  de ta iled  
geological s tu d y  th a n  i t  has y e t received. I t  is 
fu rther suggested th a t  th e  hypothesis of segrega
tio n  of a t  least a  large p a r t  of th e  sulphides before 
th e  in trusion  of th e  Sudbury  laccolith , and  of th e  
origin of th e  Frood offset chiefly from  th is  con

cen tra ted  p a r t  of th e  p a ren t m agm a, m ay afford 
a  n a tu ra l exp lanation  of th e  occurrence of so large 
a  p a r t  of th e  know n ore in  th e  d is tr ic t (perhaps 
as m uch as 50% of th e  to ta l) in  so small an 
offset.

There are some very  real difficulties in  connection 
w ith  th e  orig in  of th e  m arg inal deposits which have 
never been  adeq u a te ly  exp lained  by  the  theory 
of m agm atic  segregation of th e  sulphides after 
th e  in trus ion  of th e  no rite  laccolith . Though the 
scope of th e  p resen t p ap er does n o t perm it of a 
discussion of these, i t  is suggested th a t  th e  Frood ore
body m ay furn ish  th e  h y po thetica l key to the 
solu tion  of some of these difficulties.

A fter all, segregation  of th e  sulphides before 
in tru s io n  of th e  lacco lith  is n o t a  g reat step from 
segregation a fte r  in trusion . E v en  should the latter, 
w hich has probab ly  been th e  m ost generally accepted 
theory , come to  be replaced b y  some modification, 
or b y  a  w holly different theo ry , we m ust grant 
th a t  i t  served a  m ost useful purpose in  directing the 
m inds of m in ing  m en so c learly  to  the  great 
im portance of th e  lower co n tact of th e  laccolith, 
an d  to  i ts  offsets.

I t  is no t, however, contended th a t  because the 
suggested sequence of events a t  Frood is conceivable, 
i t  is necessarily  tru e , or even necessarily probable. 
T his m ode of orig in  does appear to  be a t least 
capable of accounting for th e  ra th e r  unusual group 
of phenom ena revealed so far a t  th is  mine. The 
orig in  of any  group or ty p e  of ore deposits, because 
of th e  rem oteness of th e  events, the  obscurity 
of m any  of th e  essentia l conditions, and the 
in im itab le  greatness of scale of th e  phenomena, 
m u st alw ays rem ain  a  m a tte r  of inference. Under 
such circum stances, no in to lerance of opinion, 
or of reasonable suggestion, should e x is t ; dis
cussion should be broad-m inded and  f ra n k ; and 
any  te n ta tiv e  conclusion should be regarded merely 
as a stepping-stone, th e  t ru th  being perhaps 
approachable, b u t beyond hum an power to  prove 
conclusively.

STREN G TH  OF CO N CRETE OR SA N D -FILLED  MEM BERS AS 
M INE SU PPO R T S

W . J. W alker and  S. F . G im key, in  papers before 
th e  Chemical, M etallurgical, and  M ining Society 
of South Africa and  th e  South  A frican In s ti tu tio n  
of Engineers, presented  deta ils of some te s ts  
on which th ey  have  been engaged for some m onths 
past. W e quote  here from  th e  form er, published 
in  the  Journal for F eb ru ary  last.

These experim ents were orig inally  p lanned  to  
determ ine th e  d is trib u tio n  of pressure along 
axially  loaded sand-filled steel pipes of d ifferent 
diam eters, w ith  th e  object of de te rm in in g  th e ir  
su itab ility  as m ine props. E x perim en tal w ork of 
any k ind, as i t  goes on, gives resu lts  and  yields 
inform ation which generally  leads to  ano ther 
m ethod of a tta c k  from  th a t  o rig inally  in tended , 
and th a t  was w hat happened in  th e  case of th e  
experim ents undertaken .

Below is em phasized and  in d ica ted  briefly  th e  
essential results ob tained  in  these  tes ts .

As ind icating  th e  im portance of th e  sub ject 
w ith  regard to  its  app lication  to  , m ining fields 
o th er th an  those of th e  R and , i t  is of in te re s t to  
note th a t  as m ost of the  R u h r coal m ines are owned

b y  steel com panies i t  is proposed to  substitute 
steel for tim b e r in  ab ou t 75% of the  mines during 
th e  n ex t five years. A t p resen t 9% of the coal 
m ines are using steel supports exclusively, as 
com pared w ith  5% las t year, 3% in 1926, and 1% 
in  1925. B y th e  end of th is  year i t  is expected 
th e  percen tage w ill have  risen to  14. Estimates 
show th a t  th e  sav ing  in  costs by  th e  use of steel 
supports is considerable. W hen wood was used 
exclusively th e  cost was 91 pfennig (about lid.) ; 
w here steel is used th e  cost is 45 pfennig (54d.). 
If 75% of th e  R u h r Mines tu rn  over to  steel arches 
and  p i t  props, th e  m on th ly  saving will be about 
¿130,000.

Fig. 1 is m erely a d iag ram m atic  indication  of the 
theo re tical problem  involved in  th e  pressure 
d is trib u tio n  through a  sand colum n w hich is loaded 
vertically . This ind icates a p ipe filled w ith  sand, 
tw o plungers, one a t  th e  to p  and  one a t  th e  bottom, 
w ith  an in ten sity  of pressure on th e  ends—P0\ 
a t  a d istance x  from th e  top , th e  vertica l pressure 
is p  while q is th e  horizon tal.

The horizontal pressure q is th e  im p o rtan t one,



MAY, 1929 317

as far as th e  s ta b ili ty  and s tren g th  of th e  column 
is concerned. T he re la tion  betw een p  and  x  and 
q and x  is show n in  th e  graphs (Fig. 2).

Taking th e  usual th eo ry  developed by R ankine 
and applying i t  to  th is  p a rticu la r  problem —to  
a 6 ft. pipe, 6 in. d iam eter, and  tak in g  th e  angle 
of repose of th e  sand as being 30°, th e  pressure 
distribution over a  sand-filled colum n, w ith  plungers 
on top and bo ttom , is given by  th e  p  curve 
in Fig. 2. The pressure is h igh a t  th e  ends, and

F i g . 1.

the curve represents th e  load pressure as i t  
diminishes tow ards th e  centre. T hat, of course, 
is due to  the  pressure being tak en  up late ra lly  on 
the pipe walls. The q curve is below th e  
p curve and is of th e  sam e form  b u t flatter, 
while the load is a m ere frac tion— in th is  case a 
third of th e  vertica l pressure.

T a b l e  I.— Mild Steel Pipes.
M axim um  Com-

Pipe Load. pression
Dimensions, i[longtons), (inches'). Rem arks.

5 in. by in. by  
3 ft. . 5 5 3A Buckled.

Ditto, w ith  5 4 —  
|  in. holes 55 91 Buckled.

Ditto, 1 ft. long, 
w ith 6 0 — § in. 
holes 6 5 H B urst.

6 in. by ^  in. by  
3 ft. . 80 4 - 3 Buckled.

10 in. by in. 
by 3  ft. 2 4 0 4 - 9 B urst and

12 in. by  in. 
by 3  ft. 3 6 0 5 - 4

buckled. 

P a rtia l failure.

I t  will be observed from the  results of tes ts on 
sand-filled pipes given in  Table I th a t  th e  second 
pipe is a sim ilar p ipe to  th e  first, b u t w ith  5 4  
|  in. holes drilled in  the  walls. The th ird  one is a 
p ipe of th e  sam e diam eter, b u t a foot h igh only 
w ith  6 0  f  in. holes in  it, and  th e  load was 5 5  tons 
in  b o th  th e  first and  second cases, in  sp ite  of th e  
w eakening of th e  second pipe by  th e  drilling of 
these h o les ; and  in  th e  second pipe, w hich was a 
foot high, th e  load was 6 5  tons. A nother in te resting  
po in t abou t th e  first tw o tes ts  was th is  : th e  com 
pression in  inches, th a t  is, th e  com pression of the  
sand colum n, in  th e  first case, was 3 ^ ,  while in  the  
second pipe, which was sim ilar in  all respects, 
excepting  th a t  i t  had  5 4  f  in. holes drilled in  i t ,  
th e  compression of th e  sand was 9J in.

T a b l e  II .
R atio  of latera l 

P ipe diam eter, to  longitudinal 
pressure.

5  0 - 4 8 5
6  0 - 4 4 0

10 0 - 2 6 6
12 0 - 2 1 3
16 0 - 1 6 7
3 0  0 - 0 9

D is t a n c e  x  Fe e t  f r o m  t o p  
o r  B O TTO M

F i g . 2 .

Table I I  ind icates a  se t of th e  m ost im p o rtan t 
results obtained. This gave th e  cue for fu rther 
experim ents. B y calculation, applying th e  ord inary  
th in  cylinder form ula to  th e  pipes tested , th e  
value of th e  ra tio  of th e  la te ra l pressure—th a t  is 
q—to  th e  longitudinal pressure p  in  a  5  in. pipe, 
was 0 -4 8 5 , th e  6  in . 0 - 4 4 0 , down to  th e  12  in . which 
is 0 -2 1 3 . T he las t tw o figures re la ting  to  th e  
16  in . p ipe and  th e  3 0  in. p ipe are ex trapo lated  
from  th e  resu lts ob tained  w ith  those o ther four 
pipes ; th a t  is, in  th e  16  in . pipe, th e  ra tio  of the  
latera l pressure to  th e  longitud inal would be 
0 - 1 6 7 , in  th e  case of th e  3 0  in. p ipe i t  would be 
0 -0 9 .

The n ex t set of te s ts  were carried  o u t w ith  the  
object of determ ining th e  stren g th  of some of the  
“ pancake ” colum ns used on th e  Reef in  some of 
th e  mines. All th e  ' '  pancake ’ ’ columns tes ted  were 
from  18- in . to  2 0  in . in  d iam eter. The Amsler 
testing  m achine used would n o t tak e  any th ing  
over 2 4  in ., and th e  only sizes of which we could 
avail ourselves were 18 to  2 0  in. diam eter. The 
loads which these columns tak e—and qu ite  a num ber 
were tes ted —were from  35 to  115 tons.
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Based on th e  usual 6 in. cube tests , on which 
reliance is placed for determ in ing  th e  stren g th  
of these columns, th e  loads carried  by  colum ns of 
th a t  n a tu re  should be somewhere in th e  neighbour
hood of 250 to  300 tons. The value of th e  load 
tak en  is an y th in g  from  a th ird  to  a q u a rte r  of 
th e  value as ind ica ted  by  cube tes ts  ; in  o ther 
words, th e  g reater th e  a rea  of th e  discs th e  less 
becomes th e  in ten sity  of th e  load which th ey  will 
take . T h a t is because, w hen these  discs are placed 
on top  of one ano ther, th ey  have n o t an y th in g  
like good surface c o n ta c t ; there  is p o in t con tact 
all over, and consequently  th e  th ru s tin g  of stones 
th rough  th e  “ pancakes,” shearing all th e  cem ent 
b inding th e  s to n e s ; and, in  ad d ition  to  th a t,  th e  
h igher the  colum n— th a t is the  g reater th e  num ber 
of “ pancakes ”—the quicker th e  colum n will shear, 
because th e  p ro b ab ility  of shearing  is increased 
by th e  num ber of "  pancakes ” in a  column. 
The ne t result is th a t  a sand-filled pipe colum n 
will tak e  th e  bigger load— or, p u ttin g  i t  in  a more 
practica l m anner, a  30 in. pancake will tak e  a load 
based on these results, somewhere in  th e  neighbour
hood of 150 tons only, whereas a 30 in. sand- 
filled pipe— say £ in. th ick — will tak e  a load 
somewhere in the  neighbourhood of a thousand  tons.

The nex t stage of th e  w ork was suggested by 
certa in  tes ts  w hich were carried  o u t a t  th e  
U niversity  on behalf of th e  Crown Mines. These 
consisted of te s ts  on telescopic steel tu b e  colum ns 
m ade up of tubes (rivetted  sheet steel) of two 
d iam eters and i  in. th ick .

F i g . 3 .

Fig. 3 ind icates th e  n a tu re  of th e  telescopic 
arrangem ent applied  to  these tes ts . The colum n 
is on th e  left. T ak ing  th e  b o tto m  tu b e  first, th e  
d iam eter was som ewhere in  th e  neighbourhood of 
17 in. in  th a t  case. The n e x t one w as som ewhere 
in  th e  neighbourhood of 16 in ., and  so on ; 17 in ., 
16 in., 17 in., to  th e  top . V arious a rrangem ents 
were tried  ; some w ith  four telescopic tub es ; 
some w ith  five ; and  in  som e cases th e  sm aller 
ones were a t  th e  bo ttom  and  som etim es th e  larger 
ones. The load tak en  in  th is  Crown Mines te s t 
was somewhere in  th e  neighbourhood of 290 tons. 
In  conjunction w ith  these te s ts  sim ilar te s ts  were 
carried o u t on non-pressure H um e pipes arranged 
in th e  same w ay as th e  steel ones, of in te rnal

d iam eters of 18 in. and 16 in ., th e  th ickness of the 
tu b e s ’ walls being 11 in. These were tested  with 
th e  idea, presum ably , of determ in ing  th e  possibility 
of th e  use of a cheaper ty p e  of p ipe th a n  the  steel 
pipe. The norm al load tak en  by  these  non-pressure 
concrete H um e pipes was som ewhere in the 
neighbourhood of 10 tons only, which, of course, 
m ean t th ey  w ere n o t su itab le  for th e  purpose 
in tended . T able  I I I  shows th e  resu lts of tests 
on telescopic tu b es of H um e pipes, which were 
carried  o u t on th e  sam e lines as those ju s t  described. 
B u t th e  te s ts  on th e  steel p ipes and  the  concrete 
pipes a lready  te s ted  ind ica ted  th a t  the  failure 
of th e  H um e pipes a t  th a t  tim e  was due to  the flat 
ends of th e  sm aller cylinders.

T a b l e  I I I .— F ive  Section Telescopic Column of 
H um e Pipes w ith  Sharp Edges.

Max. load Max. Com.
T ype of P ip ing . (long tons), (inches). 

N on-pressure 40 5f
50 lb. p ip ing  . . 130 8f
100 1b. P ip ing  . . 2 3 0  11
150 lb. P ip ing  . . 285 9
200 lb. P ip in g  . . 330 8

In  these  la te r  tes ts , th e  sm all collars were 
tap ered  ; i.e., th e  walls were tapered  to  give them 
easy p en etra tio n  in to  th e  sand. The idea was 
conceived th a t  p reven tion  of penetration  threw 
undue stresses on th e  larger collars, which alwavs 
b u rs t first. T hey  w ere alw ays th e  p rim ary  cause of 
failure.

"  Pancake ” p lan ts  ex is t to  such an extent on 
th e  Reef th a t  i t  was considered th a t  some sort of 
s tru c tu re  corresponding to  a  "  Pancake ” might be 
b u ilt up, and, therefore, be in  line w ith  previous 
m ethods of support. This p a rticu la r idea was a 
developm ent from  th e  H um e pipe tests. The 
idea w as conceived, in stead  of having columns 
such as H um e p ipe  colum ns, to  have small rings 
4 in. th ick , as used for " p a n c a k e s ,” and have the 
hole th ro u g h  th e  rings of fa irly  large diameter, 
build th em  up on to p  of one ano ther w ith  a layer 
of sand  betw een them , and  sand  inside the whole 
leng th  of th e  collar. The first tes ts  were carried 
o u t on cas t iron  rings, and th e  inside edges. The 
inside edges of these  rings are n o t flat b u t they are 
sharpened ; in  th e  cas t iron  rings they  were 
sharpened to  a  45° angle— th a t  is th e  internal 
d iam ete r of th e  rin g  was represented  by  the edge 
of th e  angle— and in  carry ing  o u t te s ts  w ith these 
cast iron  rings th e  load tak en  was 284 tons 
for an  in te rn a l d iam eter of 6 in ., and  calculating 
o u t th e  ra tio  of th e  la te ra l to  th e  longitudinal 
pressure from  those tes ts , th e  value was determined 
to  be som ewhere in th e  neighbourhood of 3-67; 
whereas, in  th e  case of th e  6 in. p lain  pipe column 
th e  value was somewhere in  th e  neighbourhood of
2-27. This ind ica ted  th a t  sharpening the  inside 
edges (as was th e  original conception, of 
course) dim inished th e  la te ra l pressure by  breaking 
th e  surface of th e  in te rio r of th e  sand column.

From  th e  inform ation  th u s ob tained  i t  was decided 
to  t ry  reinforcing concrete rings. These rings were 
24 in. in  diam eter, w ith  an  in te rn a l diam eter of 
12 in., and were reinforced near th e  ou ter periphery 
by  a |  in. d iam eter steel b a r welded in  a complete 
ring. Table IV  represents th e  com plete tests 
carried o u t on a colum n of these rings about 4 ft. 
high, and the  final com pression was 12 in., th a t is, 
the  colum n was ab o u t 3 ft. high a t  th e  end of the 
te s t, and th e  final load tak en  was 366 tons.
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T a b l e  IV .— R einforced Concrete Rings. 
Corn-

pression. Load
(inches). (long tons) Rem arks.

0 7 _
4 90 Concrete cracked in  No. 2

and  No. 5.
4-7 140 C oncrete cracked in  No. 6.
8 220 All discs cracked.
9 270 R einforcem ent broken in  No.

5. Load drops to  265 tons.
12-3 366 R einforcem ent in No. 6

broken.

In Fig. 4 th e  collars have a 45° angle ; th a t  
represents the  angle of th e  cast iron  collars. In  
the reinforced concrete collars th e  angle was m ade 
sharp ; instead  of being 45°, th e  angle was 30° 
to the horizontal. T h a t was one of th e  reasons w hy

i o £  "

< o " "V

.»,“7, J  4 'At
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the 366 tons load on th a t  collar was ob tained , 
the ratio  of la te ra l to  th e  longitud inal pressure 
in th a t case being calculated  to  be somewhere in 
the neighbourhood of 7 to  1, th e  h ighest value 
got in any of th e  tests.

Considering some of th e  possible objections to  
sand-filled colum ns, th e  first p o in t to  discuss is 
that of reinforced concrete telescopic pipes versus 
" pancakes T here is no question  ab o u t i t  th a t, 
taking it  m ateria l for m ateria l, th e  telescopic pipes 
can be m ade cheaper th an  th e  " p an cak e.” The 
main difficulty w hich is alw ays in troduced in 
argument is th e  hand ling  of th e  sand in  th e  use 
of these colum ns. As fa r as can  be seen, th a t 
difficulty can be overcom e by th e  provision of 
suitable carriers, th e  collars being packed w ith

sand w ith  a load, say, of 10 to  20 tons, on th e  
surface, placed in  these  su itab le  carriers and 
tak en  underground in  th a t  way.

Steel pipes, of course, from  th e  cost p o in t of 
view  cannot com pete w ith  th e  reinforced concrete 
pipe. One can only com pare, from  th e  po in t 
of view  of streng th , th e  telescopic pipe colum n of 
30 in. d iam eter, w ith  a 30 in . d iam eter "  p an cak e .” 
The possible load th a t  a non-pressure H um e pipe 
telescopic colum n of 30 in. d iam eter will tak e  
( th a t is, w ith  the  sharpened edges), based on the  
inform ation  of tes ts , is 211 tons. W ith o u t th e  
sharp  edges th e  possible load would be in  th e  
neighbourhood of 70 to  80 tons. A "  pancake ” 
colum n of th a t  d iam eter will only tak e  a  load of 
150 tons. In  add ition , th e  telescopic colum n has 
th e  possib ility  of giving as th e  hanging-w all comes 
down on top  ; and, fu rther, th e  danger of sudden 
collapse in  th e  case of a telescopic colum n is very  
sm all indeed. In  th e  case of a "  pancake ” column, 
these tes ts  ind icate  th a t  th e  final collapse—the 
m axim um  load tak e n — is th e  p o in t of com plete 
collapse, and, p robably  very  sudden collapse.

T ak ing  th e  case of th e  ring  colum n versus 
“  pancakes,’’th e  problem  is m uch m ore difficult 
th an  i t  is in  th e  case of th e  collars— th e  rings are 
undoub ted ly  th e  stronger and  cheaper job.

A nother p o in t is th a t  from  all th e  te s ts  i t  is very  
ev iden t th a t  i t  is th e  w ire reinforcem ent which 
is th e  m ain  facto r in  g iving s tren g th  to  th e  whole 
s truc tu re , w hether telescopic colum n or ring 
colum n, and th e  conclusion come to  is th a t  th e  
concrete m ix tu re  need only be one of m inim um  
stren g th  consistent w ith  holding th is  reinforcem ent 
together and strong enough to  w ith stan d  th e  usual 
trea tm e n t received w hen being transported . 
“ Pancakes "  could be  reinforced in  th e  sam e way 
as th e  rings, and i t  is obvious th a t  if th ey  were th ey  
would w ithstand  a very  m uch greater load th a n  th ey  
do w ith  th e ir  present reinforcem ent, which is usually 
ju s t a piece a wire rope, w hich is n o t a  homogeneous 
ring, b u t i t  is sim ply lapped over a t  th e  ends. In  
com paring, therefore, “ pancakes ” w ith  rings or 
pipes, th e  cost of a pancake colum n would obviously 
be greater, since, in  th e  “ pancake,” th ere  is concrete 
th roughou t th e  whole struc tu re . T here is more 
m ateria l in  th e  "  pancake ” w ith  th e  reinforcem ent 
th a n  in  th e  ring. In  add ition , th e  “ pancake ” 
colum n has no “ g ive.” W ith  th e  homogeneous 
reinforcem ent, of course, i t  would no t have th e  
sudden collapse which i t  has now under th e  present 
m ethod  of m anufacture.

The question  of penetra tion  of th e  colum n in to  
th e  hanging wall does no t depend m ainly, or even 
prim arily , on th e  load capacity  of th e  support. 
There is a  definite w eight supported  by  a column. 
If th e  colum n penetrates th e  hanging wall, such 
p en etra tio n  has no th ing  w hatever to  do w ith  the  
s tru c tu re  of th e  column. I t  is m ainly  a question 
of w hat “ give ” th e  colum n has. If i t  is a slab 
column, of course, i t  has no “ give ” and th e  hanging 
wall will be p enetra ted  ; if penetra tion  does not 
proceed such colum ns m ust have a  tendency  to  
collapse suddenly.

In  th e  case of th e  ring  or collar stru c tu res there  
is "  g ive,” and  pen etra tio n  cannot tak e  place 
u n til th e  whole s tru c tu re  has jam m ed so tig h tly  
th a t  fu rth er “ give ” is impossible. T hat, of course, 
will only tak e  place a fte r  m ovem ent of th e  wall 
has tak en  place, say, 12 in. for a 5ft. stope ; and 
th e  tim e tak e n  for th a t  m ovem ent, of course, will 
depend on the  circum stances in th e  mine concerned.
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N ic k e l  a n d  C o p p e r  D e p o s i t s  i n  t h e  N o r i t e  
C o m p l e x ,  T r a n s v a a l . — In  th e  Journal of th e  
Chemical, M etallurgical and M ining Society of 
South A frica for Jan u ary , 1929, is a pap er by  
E. R. Schoch dealing w ith  these deposits, which 
are situ a ted  a  few miles w est of th e  P ilansberg, 
ab ou t 38 miles north-w est of th e  tow n of R usten- 
burg, th e  nearest railw ay sta tio n  being Boshoek, 
some 17 miles in  a d irect line. The coun try  
is tak en  up by  a b ranch  of th e  im m ense no rite  
lopolith, which forms p a r t  of w h a t is know n as 
th e  Bushveld Igneous Complex. Topographically, 
th is  area  has a low relief, and  m ay  be described 
as undulating . H ere and there  kopjes and  low 
ridges ind icate  th e  outcrops of th e  underly ing 
rocks, b u t th e  country  is, for th e  m ost p a r t, covered 
w ith  b lack turf, so characteris tic  a  feature  of th e  
basic and  u ltra-basic  rocks of th e  B ushveld Complex. 
In  addition, there  are w h a t m ay  be described as 
“ floating islands ” of qu artz ite s and  shales, 
representing  dism em bered fragm ents of th e  
M agaliesberg range. The no rite  lopolith  in  th is  
area has undergone severe d ifferentiation, th a t  is 
to  say, th e  original m agm a, in stead  of solidifying 
uniformly, has—probably  as th e  resu lt of vary ing  
tem peratures and  pressure— crystallized o u t in 
a va rie ty  of m inerals or aggregates of m inerals, 
which form irregu lar bodies, lenses, or sheets in 
the  p a ren t magma. The d ifferent phases of cooling 
are well exemplified underground w here th e  rock 
shows vary ing  tex tu re  ; in  places i t  is coarsely 
crystalline, and  in  others, again, fine-grained 
and very  com pact, w hilst th e  difference in  hardness 
is very  pronounced. Geological Survey M emoir 
No. 21 gives th e  following sum m ary  of th e  rock 
form ation. The p redom inating  rocks in  th e  th ree  
upper sections of th e  d ifferentia ted  zone are 
B ronzitite , H artzburg ite , Serpentine, and A northo- 
site. The lowest or B asal Section is composed 
of basic or py roxenitic  olivine norite . T he so-called 
Middle Section of th e  differentia ted  series contains 
th e  m agm atic  nickel deposits, and  is ap p aren tly  
th e  m ost h ighly  differentiated  p o rtio n  of th e  no rite  
lopolith. A ra th e r  curious phenom enon is th a t  
whereas on surface th e  norite  form ation, especially 
on th e  h igher neighbouring hills shows d istin c t 
pseudo-stratification , w ith  a shallow dip tow ards 
th e  P ilansberg, th is  characteris tic  is en tire ly  
absen t underground, and  th e  fo rm ation  in  d ep th  
presents a jum bled up m ass of rock ty p ica lly  of 
igneous origin. T h a t th e  fo rm ation  has been 
subjected  to  severe dislocation  and  d istu rbance is 
ev iden t from num erous fau lt planes, slicken-sides, 
and  crush zones.

The nickel and  copper deposits them selves 
occur in  a  com paratively  narrow  zone, an d  follow 
approxim ately  th e  basal con tour of th e  P ilansberg  
Complex. Ind iv idually  th e  orebodies have  no 
d irect connection w ith  one ano ther, so fa r as 
developed, and  are sca tte red  a t  random  w ith in  
the  zone of d ifferentia tion . The area  over which 
th ey  have been followed is considerable, covering 
a distance along th e  s tr ik e  of ap p ro x im ate ly  16 
miles. W ith  regard  to  th e  shape of th e  nickel- 
copper deposits, th ey  are b est described as sausage 
or pipe-like bodies, roughly c ircu lar in  cross section, 
and generally w ith  no sharp ly  defined walls, the  
ore in  m ost cases becom ing less m assive tow ards 
th e  ou ter periphery . The pipes a re  m ore or less 
vertical, w ith  occasional fingerlike off-shoots in to  
th e  country  rock. As m ay  be expected  in  a 
disturbed area, the  ore in places is cu t off by  faults,

b u t generally speaking th e  vertica l continuity 
of th e  orebodies is rem arkable , and  invites dis
cussion as to  th e ir  ac tu a l m ode of origin. 
Inciden ta lly , th e  orebodies are also traversed 
b y  d iabase dykes ; th e  la t te r  a re  of more recent 
age th a n  th e  deposits them selves, and  have scarcely 
influenced th e ir  appearance and  tex tu re  a t the 
po in ts of con tact. T he m ineral composition of 
th e  ore is som ew hat com plex ; i t  contains in the 
m ain  p y rrh o tite , p y rite , pen tlan d ite , chalcopyrite, 
and  m arcasite . All th e  foregoing minerals, with 
th e  exception  of m arcasite , are classified as primary 
m inerals, w hereas m arcasite  w hich is unstable 
and  read ily  decom poses w hen exposed to the 
atm osphere, is classed as a  secondary mineral. 
The m ineral p en tlan d ite  contains th e  nickel, 
and  chalcopyrite  th e  copper, b o th  occurring as 
sulphides. In  ad d itio n  to  th e  above-named 
m inerals, th ere  are a num ber of accessory minerals 
p resen t, th e  p rincipal of w hich are chromite, 
m agnetite , gold, silver, and  p la tin u m  metals, 
w hich come u n der th e  p rim ary  class, whilst 
su lphates of iron, nickel, an d  copper, together 
w ith  oxide of iron, are of secondary origin. The 
co u n try  rock of these  deposits is chiefly bronzitite, 
w hich includes a  large v a r ie ty  of gangue minerals, 
th e  m ost in te res tin g  of these  being graphite, 
epsom ite, and  opal. A ssociated w ith  the  deposits 
on surface are w h a t are know n as gossans. They 
are generally reddish , or yellowish-brown, and form 
a ra th e r  s trik in g  geological feature  on account 
of th e ir  v iv id  colouring in  th e  m idst of the other
wise m onotonous b lack  tu rf. The gossans represent 
th e  rem n an ts of su lphide bodies, from which the 
ore has been leached out. In  places these surface 
accum ulations g radually  pass downwards into 
sulphide ore, w hereas in  others nothing of the 
sulphides rem ains, an d  th e  gossan forms, as i t  were, 
th e  residual skeleton of th e  original orebodies. 
T he chem ical com position of th e  gossans is mainly 
ferruginous iron, w ith  a goodly percentage of 
opaline m atte r. Copper is often  present in small 
q u an titie s  in  th e  form  of m alach ite  and  chrysocolla, 
w hilst a  hydrous su lp h a te  or nickel called more- 
nosite  also occurs. G enerally speaking, however, 
i t  m ay be said  th a t  th e  leaching process on surface 
has been  v ery  thorough  and  complete. A remark
able feature  is th e  com paratively  uniform  distribu
tio n  of th e  nickel con ten ts in  th e  orebodies (the 
sam e does n o t alw ays app ly  to  th e  copper contents, 
w hich fluctuate  w ith in  w ider lim its). I t  is true 
th a t  th ere  are sections here and  there  where the 
nickel values v a ry  considerably, bu t, generally 
speaking, th e y  are consisten t w ith in  reasonable 
lim its, and  th is  augurs well for development in 
g rea te r depth .

The average grade of th e  ore so far developed 
is roughly 3-5% nickel and  T0%  copper. In 
th is  connection i t  is no tew orthy  to  s ta te  that 
un like  th e  Sudbury  ores, w here th e  ra tio  of nickel 
to  copper is approx im ate ly  as 2-5 is to  1 the  ratio 
in  th e  V lakfontein  ore is m uch h igher and is 
approx im ate ly  as 3-5 is to  1.

The regu larity  of values is fu rth er remarkable 
w hen one considers th e  leaching action  which 
has tak en  place, as revealed in  th e  gossanized 
residues, and  which continues even a t  the  present 
d ay  in  th e  sulphides above th e  underground 
water-level. A lthough evidence of secondary 
enrichm ent by  rep rec ip ita tion  of th e  m inerals might 
be expected to  show up below  th e  oxidized zone, 
actual assay results do n o t confirm  th e  process



of secondary enrichm ent w ith in  narrow  lim its, 
and whereas no physical evidence of th is  process 
has been observed, i t  seems probable th a t  re 
deposition of th e  heavy  m etals is very  gradual 
downwards, w ithou t perceptib le boundary, being 
largely dependent on th e  underground w ater- 
level, which seems to  have fluctuated  considerably 
from tim e to  tim e. A t p resen t th e  w ater table 
stands a t  abou t 50 feet, b u t varies according to  
the surface contour of th e  ground.

The size of th e  orebodies varies on different 
horizons, th e ir  d iam eter ranging from  10 feet 
to 50 feet. The specific g rav ity  of th e  average ore 
is comparatively high, nam ely : 3 6 , so th a t  a
short ton of ore in  th e  solid m easures abou t 8-5 
cubic feet, which m eans th a t  i t  takes p ropor
tionately less footage to  develop one to n  of th is 
ore, than i t  would if th e  ore were quartz , such as 
Rand Banket, for exam ple. The ore when pure  is 
very hard, b u t being b rittle  breaks well when 
drilled over. The country  rock, on th e  o ther hand, 
when hard is very  tough and breaks badly.

Generally speaking, th ree  classes of ore m ay be 
distinguished, nam ely :—

(1) Massive ore, which consists of alm ost pure 
sulphides.

(2) Coarsely d issem inated or m ottled  ore, in 
which large crystals, m ainly of dialage, a lte rna te  
with crystals or masses of p y rrho tite , m arcasite, 
pentlandite, and chalcopyrite.

(3) Finely dissem inated or spo tted  ore, in  which 
blobs and small patches of sulphides are d istribu ted  
in a finely-grained m atrix  of b ronzitite  and  o ther 
silicates.

No hard-and-fast rule can be laid  down as to  
what p a rt of th e  orebody these different types 
of ore occupy, b u t i t  has been observed th a t  th e  
bulk of the  finely dissem inated ore is generally 
found towards th e  ou ter periphery  of th e  pipe, 
whilst large masses of pure sulphides will be found 
nearer the  centre. The inference to  be draw n 
from this phenom enon is : th a t  th e  concentration  
of heavy m inerals has been more in tensive in  the  
middle of th e  ven t th an  i t  has been on th e  ou ter 
periphery, and th is  arrangem ent— tak en  in  con
junction w ith  th e  sausage-like shape of th e  deposits 
—raises the  question w hether th e  resu lt is consistent 
with m agm atic segregation alone.

Dr. W agner contends th a t  the  d issem inated 
sulphide specks were, in th e ir  original form, 
droplets of non-consolute iron-nickel copper m atte , 
and th a t th e  rocks contain ing them  owe th e ir  
origin to th e  accum ulation, under influence of 
gravity, of early  form ed crystals separating  from 
the parent norite  m agm a, and he goes on to  say 
that “ there  is th u s th e  strongest presum ptive  
evidence in  favour of regarding th e  orebodies 
as local aggregations of such m atte  d rop lets.” 
This process is called th e  theo ry  of m agm atic 
differentiation, and  is a w idely accepted theory  
for the  form ation of erup tive  ore deposits. 
Dr. W agner, however, holds th e  view th a t  the  
veins and vein-like bodies of solid sulphide ore, 
when fully exposed, always exh ib it a b ru p t down
ward term ination , proving th a t  th e  ore came 
from above. This, th e  au th o r is unable to  reconcile 
with w hat he has seen of th e  solid ore in  dep th  
a t different points, where as a  rule no a b ru p t 
term ination is visible, and  he is disposed to  th in k  
th a t more recent disclosures ra th e r ten d  to  refute 
the theo ry  of th e  ore coming from  above, and 
having its  origin, therefore, a t  shallow depth.

Moreover, in  his opinion, i t  is difficult to  find an 
exp lanation  for th e  question  w hy thfese globules 
of m atte  should have concentra ted  in to  a  num ber 
of vertical pipe-like chim neys a t  widely separated  
points, instead  of form ing m ore or less continuous 
horizontal sheets or lenses of ore, as m igh t reason
ably be expected from heavy  bodies following 
th e  laws of g rav ity . Judging  from  th e  stru c tu re  
of the  pipes, th e  dissem ination  of th e  m ineral 
contents, and  th e ir  rela tionsh ip  to  th e  country  
rock, th e  au th o r suggests th a t  these deposits 
have th e ir  origin in  deep-seated regions. T heir 
shape and perpendicular position  suggests, to  his 
m ind, th a t  th e  deep-seated concen tra ted  m atte , 
under stress of g reat pressure and  h eat, a ided  by 
th e  erup tions of th e  Pilansberg, would seek an 
o u tle t or outlets, and  would cause m ineral solutions 
and  m etallic vapours to  rise up th rough  cracks 
o r ven ts in  th e  norite  m atrix , and  deposit th e ir 
m inerals along these channels, in  th e  process of 
w hich a certa in  am oun t of replacem ent of th e  wall 
rock  was inevitable. In  th e  circum stances, th is  
la tte r  process, w hich is known as th a t  of Pneum ato- 
lysis, m ay  therefore be equally  responsible for th e  
fo rm ation  of these  deposits.

An im p o rtan t fact which emerges from  th e  
descrip tion  of these deposits is th a t  developm ent 
down to  a dep th  of 350 feet vertica lly  (and a t  which 
dep th  no visible a lte ra tio n  in  behaviour is no tice
able) has proved them  to  be no m ere surface 
deposits, b u t th a t  th ey  appear to  have a  deep- 
seated  origin, and  i t  is also reasonable to  suppose, 
judging from  th e  consistent nickel values obtained 
rig h t down to th e  lowest p o in t, th a t  th e  m etal 
con ten ts will show sim ilar results in  depth . D evelop
m ents to  da te  have also proved th a t,  whereas th e  
deposits are no t very large individually , th ey  are 
of sufficient size and q u a n tity  to  co nstitu te  a sound 
m ining proposition, and  th a t  there  is here the 
nucleus for a  local nickel industry , which m ay 
eventually  produce enough of th a t  m etal to  satisfy  
th e  requirem ents of th is  country , and  leave a 
handsom e m argin  for export purposes.

M i n e r a l  P r o d u c t i o n  of  T a n g a n y i k a  T e r r i t o r y  
d u r i n g  1927.—The R eport of th e  Mines D ep art
m ent T anganyika T errito ry  for 1927 arrived  in 
London recently  and  th e  following is ex tracted  
therefrom  :

D uring  th e  year 20 companies and  248 individuals 
held land  under tit le  and  were engaged in  prospect
ing and  m ining operations. 935 Prospecting 
Licences were issued and  355 renewed. The follow
ing titles  were held a t  th e  end of th e  year : 28 Mining 
Leases, having an  area of 1,038 acres ; 866 Claims, 
hav ing  an  area of 124,604 acres ; 62 E .P .L ., having 
an  area of 362 square miles.

In  add ition  32 ex-enem y “  minefields ” and  39 
claims, w hich h ad  been purchased from th e  
C ustodian of Enem y Property , were in  existence. 
The area of land covered by these titles  is 7,577 acres, 
m aking a  to ta l of 133,219 acres held under leases or 
claims. The tab le  given on p. 322 shows th e  m inerals 
prospected for or m ined, and  th e  num ber of titles 
in  connection therew ith .

The m ineral production  during th e  year was 
valued a t  approxim ately  ¿197,493, an  increase of 
68% on 1926. The revenue derived from  royalties, 
rents, and  o ther m ining fees was approxim ately  
¿18,930. The o u tp u t of diam onds am ounted  to  
18.766J- m etric  cara ts valued a t  ¿101,480. The 
num ber of diam onds won was 20,194, of which 
102 each weighed 10 cara ts or over. The largest



322 T H E  M IN IN G  M AGAZINE

E x 
enemy. Leases. Claims. E .P . Ls.

Mica 25 ' 7 182 1
Gold 44 nil 296 12
Precious Stones nil 14 305 5
T in nil 2 1 42
Salt 1 3 12 nil
Copper . nil nil 30 2
Coal nil nil 36 nil
R ed Ochre nil 2 1 nil
Silver nil nil 2 nil
G arnets 1 nil 1 nil

- - -- -—
71 28 866 62

stone weighed 521 carats, and  th e  average w eight
was • 93 carats. The num ber of loads w ashed was
229,238, th e  yield being 8-2 cara ts per hundred  
loads. The average value per cara t was ¿5 8s.

The o u tp u t of bullion of a lluvial and  lode origin 
contained 8,179 '629 oz. of fine gold valued a t  
¿34,530 and 918-43 oz. of fine silver valued a t  ¿100' 
a to ta l of ¿34,630. Of th is  th e  alluvial deposits of 
th e  L upa and Sira R ivers in  th e  M beya D istric t 
of Iringa  Province, produced 7,441-829 oz. of fine 
gold valued a t  ¿31,386 and  817-170 oz. of fine silver 
va lued  a t¿ 9 0 , a to ta l of ¿31,476, an d ree f m in ing  in 
th e  Musoma D istric t of M wanza Province produced 
737-800 oz. of fine gold valued a t  ¿3,144 an d  99-26 
oz. of fine silver valued a t  ¿10, a  to ta l of ¿3,154. 
T here was an  increase in  p roduction  of 1,500 oz. as 
com pared w ith  th a t  of 1926. This increase was to  a 
g reat ex ten t due to  a new "  s trik e  ” m ade in  M arch 
on th e  Itew e Hills, a t  th e  headw aters of th e  K asanga 
R iver, a  tr ib u ta ry  of th e  Lupa. The ex te n t and  
im portance of th e  discovery is n o t y e t know n ; for 
th e  locality  forms a  w ater-shed w hich a t  cessation 
of th e  ra ins soon becomes en tirely  lacking in  w ater, 
there  n o t being sufficient even for dom estic purposes. 
The gold recovered was rem arkab ly  coarse, nuggets 
up to  120 oz. being won. The alluvial deposit appears 
to  be shallow, and therefore early  exhaustion  is 
indicated. I t  is by  no m eans unlikely  th a t  sim ilar 
discoveries will be m ade, for colours of gold are 
found over a very  wide area  of country . The new 
discovery caused a m inor "  ru sh  ” , b u t owing to  
scarcity  of w a ter m entioned above, th e  diggers were 
forced to  suspend operations u n til th e  end  of th e  
year, when approx im ate ly  112 claim s were pegged 
in the  locality. Gold continued to  be recovered from 
th e  gravels of th e  L upa and  Sira R ivers ; b u t th e  
q u an tity  yielded to  th e  digger m u st become 
increasingly sm all. An E .P .L . was g ran ted  to  a 
com pany on th e  Sira, covering a  basin  which, if its  
gold con ten t proves to  be sufficiently high, is 
ideally su ited  for hydrau lic  m ining. A rrangem ents 
have been m ade to  te s t  th e  deposit by  drilling. 
A nother com pany has decided to  te s t  th e  possib ility  
of w inning gold by  dredging th e  S ira above its  
junction  w ith  th e  Lupa.

Forty-five tons of tin -o re  a t  ¿10,555 were exported  
during th e  year. As th e  resu lt of fu rth er prospecting, 
th e  lim its of th e  B ukoba Tinfield have been ex tended  
to  th e  south  of L ake L ufunza up  to  th e  shores of 
Lake R uanyana. The K agera r iv e r form s th e  n o rth  
and w est boundary . T he area  covered by  E .P .L s. 
g ran ted  and under app lication  is approx im ate ly  
400 square miles. F ive  app lications were also 
received covering 24 square  miles ad jacen t to  the  
R uvuvu River, on th e  B elgian border, alm ost due 
w est of B iharam ulo.

Coal is found in rocks of th e  K aroo form ation . The

m ost prom ising seam s so fa r exposed are in the 
Ufipa D istric t, and  in  th e  Songw e-K ivira area, near 
L ake N yasa. Coal has also been discovered in the 
K idodi and  R ufiji d istric ts , b u t th e  seam s are not of 
econom ic im portance, th e  a rea  s till rem ains to be 
thoroughly  exam ined. T he Ufipa deposit was under 
investiga tion  during  th e  year. A sample was 
delivered to  th e  R ailw ay  A dm in istra tion  in order 
t h a t  a p rac tica l te s t  of its  q u a lity  m ight be con
ducted . I t  can be sa id  th a t  th e  resu lt of this test 
was, on th e  whole, favourable, m ore particularly 
w hen i t  is rem em bered th a t  th e  sample was 
ob tained  from  b u t l ittle  below th e  outcrop. The 
econom ic developm ent of th is  deposit is rendered 
difficult by  its  d istance from  an y  existing  railway. 
T he possib ility  of tran sp o rtin g  th e  coal to  a port on 
Lake T anganyika is under consideration.

The m onth ly  re tu rn s rendered by  title-holders 
shows th a t  3,100 na tiv es were em ployed on leases, 
E .P .L s. and  claims. These figures are the  monthly 
average, b u t th e  num bers em ployed vary  greatly 
from  m onth  to  m onth , depending p a rtly  on the 
seasonal d ep artu re  of labourers to  work on their 
farm s, and  p a r tly  on c lim atic  conditions. Thus, in 
loca lity  of th e  L upa  and  S ira  R ivers there was a 
very  considerable increase during  th e  rainy season, 
d uring  which period  only was i t  possible to work 
th e  a lluv ial deposits in  th e  a rid  region of the Itewe 
H ills. A num ber were also em ployed as porters, 
etc ., on general prospecting. W ith  one exception 
i t  is rep o rted  from  every  d is tr ic t th a t  the supply 
does n o t m eet th e  dem and. In  some cases the short
age is seasonal only. In  o th e r d istric ts there is a 
co n stan t shortage a t  all seasons of th e  year. Re
view ing th e  position  in  each m ining field ; in 
B ukoba th e  local native , as a general rule, will not 
w ork for wages. T here offers, however, an ample 
supply  from  R u an d a  and  U rundi. Any company or 
in d iv idual engaged in  m ining or prospecting is 
ensured a sufficiency of labour, if arrangements 
are m ade to  provide an  adequate  food ration. But 
th e  food m arkets are poor, th e  local native sub
sisting  a lm ost w holly on bananas. In  Mwanza 
Province, th ere  has been a g reat improvement in 
th e  labour position  during  th e  year. Here again 
th e  num bers of na tiv es seeking w ork on a particular 
m ine depends on th e  q u a lity  and q u an tity  of the 
food ra tio n  issued, a m ore im p o rtan t factor than 
th e  cash wage paid. In  th e  m ica m ining area east 
of K igom a i t  is reported  th a t  th e  supply of labour 
was generally sufficient to  m eet th e  demand. In 
Ufipa D is tric t th e re  was a serious shortage of labour 
d uring  th e  last th ree  m onths of th e  year. The 
labour offering for tran sp o rt has become steadily 
less, an d  is to ta lly  inadequate  for th e  requirements 
of th e  num bers of prospectors, some of whom have 
been compelled to  w ait a t  M beya and Mbalazi for 
weeks before ob tain ing  porters. L abour for alluvial 
w ork on th e  boxes was v ery  scarce, in  spite of a 
considerable rise in th e  ra te  of pay  offered. By 
com parison, panners are m ore easily obtained. 
B u t for work on reefs, trench ing  and  general pro
specting work it  is reported  th a t  labour was practic
ally  unobtainable. If  th e  position  does not improve 
in th e  near fu ture, th e  developm ent of mining in 
th is  so prom ising d is tr ic t will be very  seriously 
hindered. I t  m ay  be necessary to  im port labour 
from Portuguese E as t Africa for drilling and work 
underground. In  th e  m ica m ines of Morogoro 
D istric t a constan t shortage of labour is reported, 
th e  position being aggravated  during  th e  farming 
season.
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S H O R T  NOTICES
A eria l  E x p l o r a t i o n . — In th e  Canadian M ining  

and Metallurgical Bulletin  for M arch, John E. 
Hammell describes th e  organization and w ork 
of an aerial m inerals exploration com pany in the 
north of Canada.

The M in in g  D i s t r i c t s  o f  N e v a d a .— In Economic 
Geology, M arch-April, 1929, H. G. Ferguson 
describes the  geology of th e  m ining d istric ts  of 
Nevada, and from  th e  available  d a ta  discusses 
the future prospects of th e  region.

Zoning in  M i c h ig a n  C o p p e r  D e p o s i t s .— In 
Economic Geology, M arch-April, 1929, T. M. 
Broderick describes th e  zoning in th e  M ichigan 
copper deposits and discusses its  significance.

O p e r a t io n  of t h e  P n e u m a t i c  T a b l e .— In 
Technical Publication No. 196 of th e  Am erican 
Institute of Mining and  M etallurgical Engineers, 
A. F. Taggart and R. L. Lechm ere-Oertel describe 
the results of a series of experim ents in the  
laboratory of th e  School of Mines, Columbia 
University, during th e  w in ter of 1927-28.

Oil a n d  G a s  i n  t h e  C a n a d i a n  P r a i r i e s . — In 
Bulletin of th e  Canadian In s titu te  of M ining and 
Metallurgy, April, 1929, T. G. M adgwick describes 
the oil and gas situation  in th e  P rairie  Provinces 
of Canada.

F lo ta t io n  R e a g e n t s . — In Technical Publication 
No. 204 of the  Am erican In s ti tu te  of M ining and 
Metallurgical Engineers, A. F. T aggart, T. C. 
Taylor and C. R. Ince describe experim ents w ith  
flotation reagents.

Ore F i n d i n g  a n d  t h e  P e t r o g r a p h i c  M i c r o 
scope.—In Engineering and M ining Journal, M arch 2 
and 23, N. Sm ith  describes th e  application  of the  
petrographic microscope to  research in ore-finding 
geology.

T r e a t m e n t  of L e a d - c a r b o n a t e  O r e s .— In
Technical Paper 413 of th e  U nited  S ta tes Bureau 
of Mines, V. Miller and R . E. H ead describe the  
roasting of lead-carbonate ores p relim inary  to  
gravity concentration.

S u l p h u r  as  a W o o d  P r e s e r v a t i v e . — In th e  
Journal of th e  South  African In stitu tio n  of 
Engineers for March, E. F. English describes the  
use of sulphur as a  wood preservative.

Geology of  p a r t  of N .W . R h o d e s i a . — In a paper 
read before th e  Geological Society of London on 
April 24, R. M urray-H ughes described th e  geology 
of th a t p a rt of north-w estern  R hodesia which 
lies approxim ately betw een la t. 14° and 17° and 
long. 24° and 30°.

S u rv e y s  in  N .W . A l a s k a .  -In  Bulletin  797-d, 
of the U.S. Geological Survey, P. S. Sm ith  describes 
the results of surveys m ade in north -w estern  Alaska 
in 1926.

P l a t i n u m  a n d  B la c k  S a n d  i n  W a s h i n g t o n . —
In Bulletin 805-a of th e  U.S. Geological Survey, 
J. T. Pardee describes th e  investigation  of the  
platinum and black sand deposits of W ashington.

D i f f e r e n t i a l  F l o t a t i o n . — In Technical Publica
tion No. 195 of th e  Am erican In s ti tu te  of Mining 
and M etallurgical Engineers, C. R . Ince discusses 
the separation  of tw o or more m inerals of th e  same 
class by  flotation.

S u b s i d e n c e  f r o m  M in in g .— In M ining and 
Metallurgy for M arch, H . Louis w rites a fu rther 
contribution to  th e  discussion on th e  paper on 
subsidence.

RECEN T PA TEN TS PUBLISHED
A copy of the specification o f any of the patents mentioned in 

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

13,041 of  1927 (290,628). H ü t t e n w e r k e
T r o t h a  A.-G., H alle-Trotha, Germ any, and W. 
W e t t e r ,  Halle (Saele), Germ any. A process for the  
separation  of t in  from  oxidic stanniferous and 
plum biferous m aterials.

22,433 of  1927 (288,193). W. H. S m i t h ,  D etroit, 
U.S.A. A process for reducing iron  ore and a t  th e  
sam e tim e “ cracking ” hydrocarbons, which are 
th e  reducing agents.

29,881 of  1927 (307,439).  N a t i o n a l  P r o c e s s e s ,  
L td ., London, and S. R o b s o n ,  A vonm outh. Im 
provem ents in the  roasting  of pyritic  ores, consisting 
of d ilu ting  th e  unroasted  ore w ith  a  porous or 
granular and su b stan tia lly  sulphur-free m ateria l, 
such for exam ple as a lready  sin tered  ore, to  produce 
a  m ateria l contain ing  n o t m ore th a n  sufficient 
su lphur to  give th e  required tem p era tu re  for roasting  
and  ob tain ing  incip ient fusion of th e  particles on a 
sin tering  m achine.

3,870 of 1928 (307,595). H. J. S t e h l i ,  Cedar 
Grove, New Jersey. Im provem ents in, or re la ting  to, 
sin tering  zinc ores.

4,213 of 1928 (307,188). S. I. L e v y  and G. W. 
G r a y ,  London. Im provem ents in  and re la ting  to  
th e  trea tm e n t of pyrites, especially from  the po in t 
of view of th e  recovery therefrom  of elem ental 
sulphur, and  of copper, lead, zinc and iron.

4,302 of  1928 (307,190). S. I. L e v y  and G. W. 
G r a y ,  London. R elates to  the  trea tm e n t of py rites 
w ith  chlorine gas and th e  subsequent separation 
and recovery of all th e  elem ents contained in it 
w ithou t loss of chlorine.

10,264 of  1928 (307,233). W. M o r r e l l ,  Shipley, 
Yorkshire. R elates to  a powder for case hardening 
iron and  steel, and o ther m etals.

15,720 of  1928 (308,516). T i t a n i u m ,  L t d . ,  
M ontreal. The production  of a lka line-earth  
titan a tes .

NEW BOOKS, PAMPHLETS, Etc.
J V  Copies of the books, etc., mentioned below can be obtained 

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

C a t a l o g u e  of  P l a n s  of A b a n d o n e d  M in e s .
Volumes I and  II . Octavo, paper covers. Price 
15s. each. London : H.M. S tationery  Office.
These tw o volumes cover th e  counties of Cheshire, 
Cum berland, D urham , Lancashire, N orthum berland, 
W estm orland, and  th e  Isle of Man in  Volume I, 
and Cornwall, Devon, D orset, Gloucester, K ent, 
Som erset, Stafford, and W orcester in  Volume II. 
P a rticu lars are no t only included of the  large collec
tion  of plans of abandoned mines a t  th e  D epartm en t 
of Mines, b u t also of m any  plans in p riv a te  owner
ship, inform ation  regarding which has been included 
by the  courtesy  of the  owners.

T h e  C o a l  I n d u s t r y  of t h e  E i g h t e e n t h  C e n t u r y .  
By T. S. A s h t o n  and  J o s e p h  S y k e s .  Clotb, 
octavo, 268 pages. Price 14s. M anchester 
U niversity  Press.

G e o l o g i c a l  M a p  of  S o u t h e r n  R h o d e s i a .  P ro 
visional geological m ap of Southern R hodesia, on th e  
scale ; revised edition ; compiled in the  
Geological Survey Office, Salisbury, S.R ., 1928.
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Price 3s. 6d. London : Office of th e  H igh  Com
m issioner for Southern Rhodesia.

S o u t h  A u s t r a l i a ,  M i n i n g  R e v ie w  for half-year 
ended June 30, 1928. P ap e r covers, 70 pages, 
illu stra ted . Adelaide : Mines D epartm en t.

U .S .  G e o lo g ic a l  S u r v e y ,  A n n u a l  R e p o r t ,  
1928. P aper covers, 76 pages. W a sh in g to n : 
G overnm ent P rin tin g  Office.

S u b s i d e n c e  a n d  G r o u n d  M o v e m e n t  in  t h e  
C o p p e r  a n d  I r o n  M in e s  of  U p p e r  M i c h ig a n .  
U .S .  B u r e a u  o f  M i n e s ,  B u l l e t i n  2 9 5 .  P aper 
covers, 66 pages, illu stra ted . Price 40 cents. 
W ashington : G overnm ent P rin tin g  Office.

C a l i f o r n i a n  M i n e r a l  P r o d u c t i o n  f o r  1927. 
D e p a r t m e n t  o f  M i n e s  a n d  M i n i n g ,  C a l i f o r n i a  
B u l l e t i n  N o .  101. P aper covers, 311 pages. 
San Francisco : D epartm en t of Mines and  Mining.

A n E n g l i s h - R u s s i a n  M i n i n g  a n d  M e t a l l u r g i c a l  
G l o s s a r y .  B y N. I. T r u s c h k o f f .  Cloth, octavo, 
141 pages. L eningrad  : The Kubuck. I t  should 
be noted  th a t  th is is only an  English-R ussian  and  
n o t also a Russian-English Glossary. I t  appears to  
be fairly  comprehensive, and  occasional mis-spellings 
are easily understandable. The price of th e  book 
is n o t s ta ted .

M i n i n g  S u b s i d e n c e .  B y  H .  B r i g g s .  Cloth, 
octavo, 215 pages, illu stra ted . Price 14s. L o n d o n : 
Edw ard Arnold and  Co. R eview ed elsewhere in  
th is  issue.

P e t r o l e u m  a n d  C o a l ,  T h e  K ey s  to  t h e  F u t u r e .
By W . T. T h o m .  Cloth, octavo, 223 pages, 
illustra ted . Price 11s. 6d. P rinceton  U niversity  
Press, New Jersey, U.S.A. L o n d o n : H u m phrey  
Milford, Oxford U niversity  Press.

P r o c e e d i n g s  o f  t h e  L a k e  S u p e r i o r  M i n i n g  
I n s t i t u t e ,  T w e n t y - S i x t h  A n n u a l  M e e t i n g  
( M e n o m i n e e  R a n g e ) .  P aper covers, 324 pages, 
illustra ted . Ishpem ing, Mich.

I n d u s t r i a l  C a r b o n .  B y C. L. M a n t e l l .  Cloth, 
octavo, 410 pages, illu stra ted . Price  21s. New 
Y ork : D. van  N ostrand  Com pany, Inc. London : 
C hapm an and  H all.

S o u t h  A f r i c a n  M i n i n g  a n d  E n g i n e e r i n g  Y e a r  
B o o k  a n d  D i r e c t o r y  (1929 E d i t i o n ) .  Board 
covers, 9J by  13f in ., 628 pages, illu stra ted . Price 
22s. 6d. L o ndon : Argus South  African Newspapers, 
L td., 72-78 F leet S treet, E.C. 4.

COMPANY REPORTS
C i ty  D e e p .— A lthough th e  tonnage crushed for 

1928 was h igher a t  1,027,000 tons, th e  yield and 
working revenue decreased by  0 '698 dw t. and 3s. 
per ton  respectively, w hilst w orking costs were 
up Is. lOd. p er ton  m illed. The y e a r’s operations, 
therefore, resulted  in a  w orking loss of ¿122,94o! 
which compares w ith  a  w orking profit of ¿120,157 
for 1927. The p resen t un sa tis fac to ry  position 
is due to  th e  decline in th e  value of th e  ore and  in 
the  percentage of payab ility . F rom  th e  ore trea te d  
last year 306,034 oz. of gold w as ob tained , th e  
to ta l revenue being ¿1,302,786, or 25s. 4d. p e r ton  
milled, w hilst to ta l costs a t  th e  m ine were ¿1,412,800 
or 27s. 6d. per to n  m illed. The reserves a t  th e  
end of 1928 were 1,445,100 tons, value 6-1 dw t. 
In concluding his report, which is d a ted  M arch 1, 
1929, th e  consulting engineer s ta te s  th a t ,  w hilst 
the  prospects of th e  m ine depend m ain ly  upon 
the results of fu ture  developm ent, th e  general 
im provem ent of underground m ethods is also an 
im p ortan t factor. The w ork a lready  accom plished

should, he adds, lead to  a  s te ad y  reduction of 
operating  losses, b u t regu lar profits cannot be 
an tic ip a ted , w h a tev er th e  resu lts  of new develop
m ent, before th e  early  p a r t  of n e x t y ear.

D u r b a n  R o o d e p o o r t  D e e p .— T he report for 
1928 sta te s  th a t  468,100 tons w as trea te d  for 159,485 
oz., value ¿676,710, rece ip ts from  silver and 
osm iridium  bring ing  th e  to ta l  revenue to  ¿678,783, 
or 29s. p er to n  m illed. W ork ing  costs were ¿658,945 
or 28s. 2d. p er to n  m illed, an d  w orking profit 
¿19,838, or 10d. p er to n  m illed. N o dividend was 
paid , th e  n e t p rofit of ¿10,681 being appropriated 
on accoun t of ex p en d itu re  on equipm ent, etc. 
Im proved  resu lts w ere o b tained  during  the last 
q u a rte r  of th e  year, th e  tonnage  milled and working 
profits b o th  show ing an  increase. The ore reserve, 
including pillars, was a t  th e  end of the year
1,896,100 tons, value 7 '26 dw t. over a stoping width 
of 43 3 in ., an  increase of 434,500 tons, and of 2’3 
in . in  th e  stop ing  w id th , b u t a  decrease in value of 
0T 4 dw t. T he n a tiv e  lab o u r supp ly  showed a slight 
falling  off and  is s till considerably  below require
m ents.

N e w  K l e i n f o n t e i n . — T he rep o rt for 1928 states 
th a t  612,900 tons was milled for 139,144 oz. of 
gold. T he w orking costs w ere 19s. 2d. per ton 
milled, an increase of 3 '04d., due to  th e  reduction 
in th e  tonnage of ore o b ta ined  from  reclamation 
and to  w ork done in th e  A pex section. On the 
o th er hand , w orking revenue showed an increase 
of 4 '95d., owing to  th e  im provem ent in the grade 
of ore m illed, a ttr ib u ta b le  to  some extent to 
ad d itio n al sorting. The w orking profit for the 
year w as ¿5,217. The e stim a ted  reserves at 
D ecem ber 31 la s t were 531,222 tons, value 4-90 dwt. 
over a  s top ing  w id th  of 53-84 in. Reference is- 
m ade in th e  superin tend ing  engineer’s report 
to  th e  difficulty experienced in  m aintaining a 
sufficiently high  grade of ore to  cover expenses.

R o b i n s o n  D e e p .— Owing to  a  falling off in the 
value of th e  ore trea te d , th e  rep o rt for 1928 showed 
a decreased profit for th e  year of ¿15,255, although 
th e  918,400 tons milled was 68,700 tons in excess 
of 1927. The w ork ing  cost was down 5'2d. per ton 
m illed, b u t th is  w as m ore th a n  counter-balanced 
by  a falling off of 0 ’26 dw t. p e r ton  milled. The 
gold o u tp u t was 254,033 oz., value ¿1,078,963, or 
23s. 6d. p er to n  m illed, th e  w orking expenditure 
being ¿905,009, or 19s. 8Jd. p e r to n  milled, and the 
w orking profit ¿173,954, o r 3s. 9Jd. per ton  milled. 
The ore reserves a t  th e  end of 1928 a t  1,407,000 tons, 
value 6T  dw t., showed a falling off of 621,000 tons 
in  q u a n ti ty  an d  0 '5  dw t. in  value, as compared 
w ith  th e  previous year. D ividends to talling  3s. 
per share on th e  “ A ” shares absorbed ¿75,000.

R o s e  D e e p .— The rep o rt for 1928 sta tes that 
th e  ore m illed was 663,400 tons, a  decrease as 
com pared w ith  1927 of 4,900 tons, th e  gold output 
being 137,969 oz., value ¿585,256, receipts from 
silver and  osm iridium  increasing th e  revenue to 
¿587,811. The w orking costs were ¿558,904, or 
16s. lOd. per to n  m illed, and  th e  w orking profit 
¿28,907, or l id .  per ton  m illed. A dividend of 2 |y o, 
tak in g  ¿16,575, was p a id . The ore reserve, including 
pillars, was a t  th e  end of th e  y ear 922,700 tons, 
value 4 '9  dw t. over 65 in ., an  increase of 26,180 
tons as com pared w ith  th e  end of 1927, th e  value 
being slightly  higher. Good progress has been made 
w ith  th e  opening up of th e  Sou thern  Section, 48,800 
tons from  which is included in  th e  ore reserves.

G e l d e n h u i s  D e e p .— The rep o rt for 1928
sta tes  th a t  as com pared w ith  1927 th e  ore crushed
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tesni^j ^  at 774,500 tons was up 22,400 tons, bu t, owing to  a 
°ftat, l't,, decline in th e  yield, th e  w orking revenue was down 

5d. per ton milled. The gold o u tp u t was 168,887 oz., 
value ¿716,142, th e  to ta l  revenue being increased to  
¿719,097 by receipts from  silver and  osm iridium . 
The to tal w orking costs were ¿707,801, or 18s. 3d. 
per ton milled, and  th e  w orking profit ¿11,296, 
or 4d. per ton  milled. A dividend of 2£% tak ing  

Jorfej. ¿14,167 was paid . The ore reserve, including 
pillars, a t th e  end of th e  year was 760,300 tons, 

'Siftt value 5'66 dwt. over a w id th  of 56 6 in., an  increase 
of 32,800 tons in  th e  available reserve being m ainly 
due to the tonnage opened up in  th e  e x -Ju p ite r  

Wii|j claims.
Village D e e p .— The rep o rt for 1928 sta tes  th a t  

,, ae ffii oi 3 659,500 tons was trea ted  for 181,370 oz., value 
3dwt.overai,::. ¿768,933, receipts from  silver and osm iridium  bring

ing the to ta l revenue to  ¿770,976, or ¿1 3s. 5d. 
per ton milled. T otal w orking costs were ¿733,100 
of 22s. 3d. per ton  milled, leaving a  w orking profit 
of ¿37,876, or Is. 2d. per to n  milled, due to  a 
decrease of 8d. per to n  milled in  w orking costs, 
notwithstanding a reduction  of 5 in. in  th e  stoping 
width. A dividend of 2 |%  absorbed ¿25,003. The 
ore reserve a t  th e  end of th e  year, including pillars, 
was 1,525,400 tons, value 5'7 dw t. over a stoping 
width of 54 4 in., an  increase of 120,500 tons and  of 
01 dwt., w ith  a reduction  of 4 '8  in. in  th e  stoping 
width. D evelopm ent on th e  M ain Reef L eader 
gave more encouraging results, p a rticu la rly  in  the  
Eastern Section.

S im m e r  a n d  J a c k  M in e s .— A lthough for 1928 
there was an increase of 36,000 tons in  th e  ore milled, 
the report s ta te s  th a t  i t  would have been g reater 
had there been an  adequate  n a tiv e  labour supply. 
The ore milled was 898,200 tons and  th e  gold o u tp u t 
216,773 oz. The revenue from  gold was ¿921,209, 
or 20s. 6d. per ton  milled. The working costs to ta lled  
¿854,674, or 19s. per to n  milled, an  increase of lOTd 
per ton milled as com pared w ith  th e  previous year, 
mainly due to  th e  e x tra  cost of developm ent. 
The working profit was ¿66,535, or Is. 6d. per ton  
milled, a decrease of ¿38,474. No dividend was paid, 
the unappropriated balance a t  th e  end of the  year 
being ¿66,712, as com pared w ith  ¿42,043 a t  the  
commencement of 1928. The ore reserves a t  
December 31 la s t were estim a ted  a t  1,814,000 tons, 
value 5'9 dwt. over a  stop ing  w id th  of 48 in., an 
increase of 199,000 tons, th e  value being 0'2 dw t. 
higher and the  stop ing  w id th  1 in. more.

M eyer  a n d  C h a r l t o n  G o ld  M in i n g .— L ast year
202,700 tons of ore was crushed for 53,414 oz. of 
gold, value ¿226,705, or 22s. 5d. per ton , working 
costs being ¿209,826, or 20s. 9d. per ton , and working 
profit ¿16,880, or Is. 8d. per ton , sundry  revenue 
bringing the  to ta l profit to  ¿24,386. No dividends 
were declared, i t  being considered, in  view  of the  
comparatively sm all profits now being earned, 
better to  conserve th e  funds for a final d istribu tion  
on liquidation. The ore reserves a t  th e  end of the 
year were estim ated  a t  43,301 tons, value 5T  dw t. 
over a stoping w id th  of 42 inches. Two additional 
small areas were acquired during  th e  year on a 
royalty basis from  th e  C ity Deep and Village Deep.

West R a n d  C o n s o l i d a t e d  M in e s .—The report 
for 1928 sta te s  th a t  643,000 tons was milled for 
163,540 oz., value ¿691,777 or 21s. 6d. per to n  of 
ore milled. W orking costs were ¿621,890, or 
19s. 4d. p er ton , and  th e  w orking profit ¿69,887 
or 2s. 2d. per ton . D uring  th e  year th e  tonnage 
milled progressively increased, reaching in  December 
81,200 tons, which gave a profit of over ¿16,000, 
whilst w orking costs, which averaged 19s. 4d.,
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have since th e  full p lan t cam e in to  operation  
fallen to  below 18s. per ton  milled. The ore reserves 
a t  th e  end of th e  year were estim ated  a t  3,502,000 
tons, value 5 ‘6 dw t. over 49 in ., an  increase of 
401,647 tons, th e  value and  stoping w id th  being 
unchanged.

E a s t  R a n d  P r o p r i e t a r y  M in e s .— Owing to  an 
adequate  supply  of na tive  labour and to  additional 
ho isting  facilities, th e  ore crushed for 1928 a t
1,685,700 tons showed an  increase of 99,200 tons 
as com pared w ith  1927. The gold o u tp u t was 
440,848 oz., value ¿1,870,397, th e  to ta l revenue 
being increased to  ¿1,877,832 by  receipts from  silver 
and  osm iridium . The to ta l w orking costs were 
¿1,871,488, or 21s. Id . p e r  to n  milled, 5d. less th an  
for 1927, w hilst th e  w orking profit was ¿96,344, 
or Is. 2d. per to n  milled. T he ore reserves a t  th e  end 
of th e  year, including sh aft p illars, etc ., were 
3,624,600 tons, value 6 4 dw t. over 55 in., an  increase 
of 494,600 tons, th e  value being unaltered . No 
dividend was paid , b u t over ¿89,000 was applied to  
debenture  redem ption. In  his report th e  m anager 
sta te s  th a t  th e  am ount of developm ent during  th e  
year was th e  largest since 1910.

W i t w a t e r s r a n d  D e e p .— For 1928 th e  ore crushed 
w as 525,300 tons for 122,950 oz. of gold, value, 
including ¿1,414 from  silver, ¿520,613, or 19s. lOd. 
per ton . T o tal costs were ¿515,691, or 19s. 7d. 
pe r ton , th e  n e t profit being ¿4,922, or 3d. per ton  
of ore milled. The balance unappropria ted  a t  
th e  end of th e  year was ¿68,523, as com pared w ith  
¿94,544. a t  th e  end of 1927. The ore reserves a t  
Decem ber 31 la s t were 647,300 tons, value 6'2 dwt. 
over 47 in ., an  increase of 30,222 tons as com pared 
w ith  1927.

G l o b e  a n d  P h o e n i x  G o ld  M in i n g .—The report 
for 1928 sta te s  th a t  sa tisfac to ry  developm ent 
results were ob tained on th e  11th and  12 th  levels 
and th a t  on th e  15th a  s tre tch  of good ore has been 
opened up. The profit for th e  year, including the 
c redit balance of ¿25,998, was ¿134,011 and 
dividends to ta lling  3s. per share, free of tax , were 
paid. The ore reserves a t  Decem ber 31 la s t were 
estim ated  a t  86,700 tons, value ¿469,140, as com 
pared  w ith  101,000 tons, value ¿554,400, a t  th e  
end of 1927.

R e z e n d e  M in e s .— For 1928 76,400 tons was 
milled for 35,632 oz. of gold. The to ta l revenue 
was ¿162,734, and the  to ta l expenditure, including 
¿17,000 for depreciation, ¿124,298, leaving a  profit 
of ¿38,436. D ividends to ta lling  5s. p er share 
were paid, absorbing ¿37,500. The ore reserves 
a t Decem ber 31 la s t were estim a ted  a t  165,000 
tons, value 9'6 dw t., as com pared w ith  212,000 tons 
of th e  sam e value a t  th e  end of 1927. In  th e ir  
report the  consulting engineers s ta te  th a t  fu rth er 
extensive exp loratory  w ork below th e  No. 10 
level has disclosed no th ing  of a payable value, in 
consequence of w hich all w ork below th a t  level 
has been discontinued.

N u n d y d r o o g  M in e s .— The rep o rt for 1928 
sta tes th a t  126,638 tons of ore was milled, the  
to ta l gold o u tp u t being 75,427 oz. Receipts, 
a f te r  allowing for royalty  and a small ad justm en t 
of th e  1927 gold sales account, were ¿307,031 and 
costs aggregated ¿213,864, leaving a  profit for the  
y ear of ¿93,167, or ¿12,416 in excess of 1927. 
Excluding developm ent, working costs were 
¿1 Is. 3d., as com pared w ith  19s. 2d. for 1927, 
th e  increase being m ainly due to  e x tra  expenditure 
on ventilation . D ividends for 1927 am ounted 
to  2s. per share, against Is. 9d. for th e  preceding 
year. Ore reserves a t  Decem ber 31 la s t were
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estim ated  a t  246,464 tons, against 221,161 tons 
a t th e  end of 1927, an increase of 25,303 tons. 
W ith  reference to  developm ent operations during 
1928, th e  rep o rt sta te s  th a t  th e  year's  w ork has 
considerably im proved th e  position a t  th e  m ine 
and the  outlook continues satisfactory .

B a l a g h a t  G o ld  M in e s .— In th e ir  rep o rt for 
1928 th e  directors s ta te  th a t  th e  ore crushed was 
47,950 tons for 29,978 oz. of gold. Costs am ounted  
to  ¿98,447 and receipts, a fte r allowing for ro y a lty  
and a small ad ju s tm en t of the  1927 gold sales 
account, were ¿122,601, leaving a  profit of ¿24,154. 
W orking costs showed a fu rth e r decrease of Is. 9d. 
per ton. D ividends for 1928 am ounted  to  Is. 6d. 
on the  preference and 6d. on th e  o rd inary  shares, 
th e  sam e as for the  preceding year. A t D ecem ber 31 
la s t the ore reserves were estim ated  a t  74,131 tons, 
an increase of 3,737 tons as com pared w ith  th e  to ta l 
a t  th e  end of 1927. A considerable q u a n tity  of 
q u artz  of excellent grade is s ta te d  to  have been 
revealed in th e  ore body in th e  sou thern  section 
of the  p roperty .

E a s t  P o o l  a n d  A g a r .— Lower developm ent 
values affected the  production of black tin  during  
1928, th is am ounting  to  940 tons, an average of 
23-84 lb. pe r ton  of ore trea ted , th e  o u tp u t of 
refined arsenic being 610 tons. Fo r th e  y ear a  loss 
of ¿4,385 w as shown, th e  cred it balance carried 
forw ard being ¿258, against ¿11,330 brough t in. 
The com pany’s operations were affected by  the  
lower price ruling for its  product, th e  t in  sold 
averaging ¿126-24 per ton, as com pared w ith  
¿151-73 in 1927. The d irectors s ta te , however, 
th a t  th e  curren t year has com m enced under m ore 
favourable conditions.

L a g a r e s  T in  M in e s .—The rep o rt for th e  
fourteen  m onths to  Septem ber 30, 1928, s ta te s  th a t  
above th e  40 m etre level th e  proved ore reserves 
approxim ate  130,000 tons, and  th a t  th e re  is 
approx im ately  10,000 tons of ore on surface. A 
p lan t to  t r e a t  100 tons a  d ay  has been constructed .

T o y o  T in .— The rep o rt for th e  fou rteen  m onths 
to  Novem ber 30, 1928, s ta te s  th a t  th e  proved ore 
reserves am ounted  to  186,450 tons, assaying 2 % . 
P la n t is in  course of erection  to  deal w ith  a m on th ly  
th ro u g h p u t of 6,000 tons, and  is expected to  be in  
operation  by  June  nex t.

O r o v i l l e  D r e d g i n g . — The rep o rt for th e  year to  
Septem ber 30, 1928, s ta te s  th a t  during  th a t  period 
the  dredges of th e  P a to  Mines tre a te d  3,052,802 
cubic yards for gold value $688,671. A d iv idend of 
Is. 3d. was paid  to  Oroville shareholders, th e  balance 
carried forw ard being ¿25,851.

DIVIDENDS DECLA RED
A m a l g a m a t e d  M i n i n g  T r u s t . — 3s., less tax , 

payable May 16.
A n g l o - O r i e n t a l . —Pref., 3d., less tax .

D i t t o . — Ord., 9d., less tax .
A r a m a y o  M in e s .— 5% , payab le  M ay 1.
B r o k e n  H i l l  P r o p r i e t a r y . — Is., less tax , payable  

May 15.
C e n t r a l  M i n i n g  a n d  I n v e s t m e n t . —  12s., free of 

tax.
C h a n g k a t  T in .— Is., payab le  A pril 30.
G l o b e  a n d  P h o e n i x . — Is., free of tax , payable 

June 13.
G o ld  F i e l d s  R h o d e s i a n  D e v e l o p m e n t . — 6d., 

less tax , payable May 30.
K a d u n a  P r o s p e c t o r s . —6d., less tax .
K a d u n a  S y n d i c a t e .— 6d., less tax , payable  M ay 14. 
K e n t  T in .—5% , less tax , p ayab le  M ay 27. 
M a r m a j i t o  M in e s — Pref. 3s., less tax .

D i t t o . — Ord., 6d., less tax .

M a z a p i l  C o p p e r . —  Is. 6d., less tax .
N o r t h e r n  N i g e r i a  ( B a u c h i ) T i n . — Pref. and Ord., 

Is. 6d., less ta x , p ayab le  M ay 10.
P a h a n g . — Pref., 9d., less tax , payable May 1.

D i t t o . —Ord., 3d., less tax , p ayab le  June 1." 
P a t i n o  M i n e s .— 4s., payab le  A pril 30.
P e t a l i n g  T i n .— 15%, p ayab le  A pril 30. 
R a m b u t a n . —6d., less tax , p ayab le  May 7. 
R a n t a u  T in . — Pref., 9% , less tax , payable May 14.

D i t t o . — Ord., 6% , less tax , payab le  May 14. 
T e k k a  T a i p i n g . — 6d., less tax , payab le  April 30. 
W a i h i  G o l d . — Is., free of tax , payab le  May 10. 
W e a r d a l e  L e a d . — 6d., less tax , payable  April 18. 
Z in c  C o r p o r a t i o n  —Pref., 4s. 6d. (final, 1928, 

2s. 6d. ; 1929, 2s.), less ta x , payable June 12. 
D i t t o . — Ord., 2s. 6d., less tax , payable June 12.

N EW  C O M PA N IES REGISTERED
A n g l o - P e r u v i a n  A l l u v i a l s ,  L td .— Registered 

A pril 9. C a p ita l: ¿10,000 in ¿1 shares. Objects: 
To acquire m ines, m ineral and  o th er properties, 
e tc ., in th e  R epublic  of Peru  or elsewhere. Office: 
411-419, Salisbury  H ouse, London W all, E.C. 2.

B a r t i c a ,  L td . — R egistered  April 22. Capital: 
¿100,000 in 2s. shares. O bjects : To acquire the 
un d e rtak in g  of U nited  D iam ond Fields ot British 
G uiana, etc . D irectors : V. Coen, F. Behr, Sir
Jo h n  W . Courtis, M. G. L iverm an, and V. A. Pires. 
Office : 32-34, H o lbom  V iaduct, E.C. 1.

C h e m i c a l  R e a c t i o n s ,  L td . — R egistered April25. 
C ap ita l : ¿50,000 in 49,000 “ A ” shares of ¿1 and 
20,000 “ B ” shares of Is. O bjects : To carryout 
research w ork  on th e  by-products obtained from 
th e  d istilla tion  of coal, lignite, fossil organic matter, 
n a tu ra l pe tro leum  oils, or an y  o ther material. 
D irectors : Sir D avid  Milne W atson, Sir James C. 
Calder, Sir A lexander W alker, H . Spence, and W. R. 
O rm andy.

C o a l  C a r b o n i z a t i o n ,  L td .— Registered April 11. 
C a p ita l: ¿100 in ¿1 shares. O b jec ts : To acquire
benefit of or a license in respect of certain existing 
inven tions re la tin g  to  low tem p era tu re  carboniza
tio n  of coal and  o th e r fuels and  to  adop t an agree
m en t w ith  th e  Leeds F ireclay  Company. Office : 
15, S t. H elen 's P lace, E.C.

K e z a  ( T a n g a n y i k a )  T in f i e l d s ,  L td .— Registered 
April 10. C a p ita l: ¿100,000 in 5s. shares. Objects: 
To ad o p t agreem ent w ith  E astern  Securities, Ltd., 
e tc . Office : 23, A bchurch Lane, E.C. 3.

N e a r  E a s t  D e v e l o p m e n t  S y n d i c a t e ,  L t d . -  
R egistered A pril 16. C apital : ¿2,500 in ¿1 shares. 
O b je c ts : The acquisition  of th e  righ ts and benefits 
of claim s upon w hich m ining licences have already 
been g ran ted  on asbestos areas by  the  Ministry of 
Mines of B ulgaria in accordance w ith  an agreement 
d a ted  Decem ber 4, 1928. Office : Salisbury Square 
House, Salisbury Square, F leet S treet, E.C. 4.

T r i n i d a d  a n d  G e n e r a l  H o l d i n g s ,  L t d . -  
R egistered A pril 8. C apita l : ¿80,000 in 540,000 
P rio rity  and 1,060,000 O rd inary  shares of Is. each. 
O bjects : To acquire th e  u n d ertak in g  of Trinidad 
and  B ritish  M aikop Oil, L td . (incorporated in 1923), 
etc. D irectors : E. W. H illyard , A. W . Comforth, 
H . St. J . Hodges. Office : 20, C opthall Avenue,
E.C. 2.

U lu  K l a n g  T in .— Incorpora ted  in Federated 
M alay S tates F eb ru a ry  20, 1928. C ap ita l: 1 ,200,000s. 
dollars in Is. dollar shares. O bjects : To acquire 
certain  m ining righ ts over land in th e  Mukim of 
Ulu K lang, S ta te  of Selangor, to  ad o p t an agree
m ent w ith  M unjo P ark , etc . Office : 2, Billiter
Avenue, E.C. 3, w here H . B. W ard  is authorised  to


