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In 

~recambrian' Rocks 

3. 11. Ystrdley, Oct. 1975 

A nanbcr of underground mines were invest igated during t h e  sunr;l.er of 

, . 1975. A l l  of then a r e  i n  Precambrian rocks of  t h e  Lake Superior re?ion. 

They represent a variety of geologic set t ings.  . . 

The purpose o f  t he  invest igat ions was t o  make a preliminary s tucb~ of 

*. the d r y n e s s , . o r l a c k  of dryness o f . these  rocks a t  depth. I n  o the r  words, 
(4 

t o  see i f  water was cnterinz ' the  dee,?er adrksngs through the  unmined rock 
I';r 

.Y. by soine nieans such. a s  f r sc ture  o r  f a u l t  zones, j o i n t s  o r  permeable zones. '.. 

if;ater entering through old mine workings ex-tending to, o r  very near  t o  t h e  
. . *. .*...: . . . L '  . 

surface, o r  from t h e  d r i l l i n g  equipment,* was of i n t e r e s t  only inso fa r  as  it 

~ A g h t  mask any r a t e r  whose source r a s  through the  hangin2 o r  foots1211 rocks, 
. . 

It sooa beca.xe apparent t h a t  mine pumpin2 records were of l i t t l e  value 

except t o  indica te  a rclat.ionship t o  surface r a i n f a l l  enter ing via old mine 

openinas. 

It a l s o  becane c l e a r  t h a t  i n  the  regular  geologic mine mapping, watcr- 

. seeps are general ly  not recorded unless  they a r e  o f  many gal lons  p e r  minute 

o r  were noted as evidence of a f r ac tu re  zone being mapped. A major reason 

i s  tl:ct. t h o  a lvun i  o f  w!ter rncomtercd i n  the dce:, m i ~ s  workings i s  so 

rnj>nut*e, o r  nIm-existent, ' t h a t  try5ng t o  n o t e  i't on planc and ceotions 
. . -. 

aerves no purpose f o r  the  miqe .o?erators, 
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. . 7iXIle a t  t b e  mines, access was provided t o  t h e  en;incering and geology 

o f f i c e s  where various maps and. sec t ions  zvelbe made ava i l ab l e  f o r  inspect ion 
.i 

and discnssion. A number of t h e  geo loz i s t s  and mining engineers have 

worked a t  o t h ~ r  mines i n  Precambrian rocks. Their  general conccnsus i s  

t h a t  deep mines a r e  dry. 

A number of phone and personal  conversations with var ious  ~ e o l o g i s t s  

and ensineers about o the r  dse? mines c o n f i m t h t ,  a t  depth they a r e  dry. 

The courtesy and hosp i t a l i t y  extended by t h e  s t a f f s  a t  t h e  vnr50us mines 

should be acknowledged. Yithout exception, geo log is t s  and mining engineers 

guided us through t h e  deep workings, showed us  t h e  a p p r o p i a t e  maps and 

f r e e l y  discussed t he  hydrology of t h e i r  operations.  

E ~ c h  mine property v i s i t e d  i s  reported upon ind iv idua l ly  and t h e  

eeneral  conclusions a r e  based upon those mining proper t ies .  

General Conclusions 

No evidence of m-n ing ,  see?ing o r  aoving water was seen o r  repor ted 

t o  us  a t  degths exc'eedin;: 3,0,30 feat .  

A t  depths of 3,000 f e e t  o r  l e s s ,  water  seepages do occur i n  some of 

t h e  mines, usua l ly  i n  n inor  q u a n t i t i e s  but increased amounts occ'ur as depth 

becomes l e s s .  Others a r e  dry  a t  2,030 f e e t  of depth. 

Hock movements assoc ia ted  wi th  extensive mining should increase  t h e  

l o c a l  secondary per:neability of t h e  rocks adjoining t h e  mined out  zones. 

Also most o r e  bodies a r e  loca ted  where t he r e  has been a more than average 

amount of faulting, f rac tur ing ,  end ' fo lding during t h e  geologic past .  

They tend t o  c l u s t e r  along c r u s t a l  flows. 

In  pneral  precanbrinn rocks nf sirni.lar ~ e o l o . ~ y ,  t o  those  seen, re11  7 .  

away from zones t h a t  ha.ve been dis turbed by extensive deep mining, and well 

away from t h e , z o n e s . o f  more i n t ense  geologic a c t i v i t y  ought t o  be even less 

penqeable than t h e i r  equivalents  i n  a mining d i s t r i c t .  



Homestake Soppcr, Centennial ;\Tine 

?he o p r a t i o n s  of '!orncstake copper a r e  loca ted  i n  .the Upper Feninsula 

of !!ichigsn zbout h e l v e  miles nor th  of '!ancock ?.;ichiga.n. ( I ? .  1 )  

The ore  zone i s  i n  t he  r e l a t i v e l y  t h i n  Calumet conzlomerate t h a t  con- 

t a i n s  nat ive  copper. The conglomerat,e ove r l i e s  a basa l t  flow and i s  ovcr lz in  

b:r a ;r.mnger ba.salt ' f lo ;~.  The general  geology i s  ou t l ined  i n  the a t tached 

e x c e r ~ t s .  (1) 
. . 

3oxestake i s  deepeninz t he  old  Centennial Vo. 6 inc l ined  s h a f t  and i s  

mining about 500 tons  per  day t o  supply a new 550 ton  pe r  day p i l o t  m i l l .  
. . 

In  September t he  shaf t  botton: was a t  t h e  .6,40O l e v e l  ( inc l ined  a t  - 35O), a 

v e r t i c z l  depth o f  3,9'k0 f e e t ;  -. w 
There i s  n3 water enter ing t h e  s h a f t  2 t  t h a t .  dept.h. The rocks a re  dry. 

The s k f t  .miners s t a t ed  t h a t  no water occurs and t h i s  was corroborated by 

t h e  res ident  geologist .  

A tunnel  has been driven nor th  on t h e  3,600 l e v e l ,  a v e r t i c a l  depth 

of 2,216 f e e t j  f o r  over 1,000 f e e t  along t h e  s t r i k e  of t h e  .conglomerate. 

Par t  Ray along it a cross-cut extends west f o r  about 1,003 f e e t  -through t h e  

volcanic flows of  the  hanging wal l  zone. 

There i s  a minor water seep enter ing a t  one place  i n  the unvent i la ted 

hangiq wall cross-cut ,  . This was measured a t  one drop p e r  second. There 

a r e  scne .damp places along the . tunne1  i n  t he  conglomerate o r e  zone. The 

:?i:st >-: the, ccrnil .o~erate i s  dgr~p a n 3  so a d i f f e r e n t  shade of co lo r  than 

' the  d-y dust  on t h e  basalt flow rooks above and below It. In some ins tances  

(1) Recent developments i n  t h e  Native-Copper d i s t r i c t  o f  Ifichigan. R, J. 

Weege, J. P.. Fbllock and t he  .Calumet X v i s i o n  Geological Staff .  
. .  . 



this co lor  dif.t~rl;.ncc clear3 y def ines  t he  c o n ~ l o x c r a t e  layer .  This  i n d i -  

c a t e s  that t he r e  i s  some pennetibility i n  t h e  con21 c:-erstc. 

k.t t h e  i n t e r s ec t i on  of t h e  str ike-tunnel and t h e  shaf t ,  s o x  ~*c?ter 

d r i p s  i n t o  t he  shef t .  It ai.3o:mted t o  t en  dro?s (2  z i l l l l i t e r )  p e r  second. 

Th i s  represents  t h e  drainaze from more than 2500 f e e t  of tunnel .  ?7o doubt 

some evaporation bad occurred. 

A t  one point  on t h e  3,600 l e v e l ,  o ld  mine workings e x i s t  about 230 
1 

f ec t . f r om one of gomestake Go?perls tunnels. It mas repor ted t h a t  a hole 

was d r i l l e d  t o  it,, and- t h e  water pre3sure i n  the olc! w o r k l n ~ s  ~neasured. 

This pressure exceeded 1,930 p s i  ant1 vras eqnal t o  t h e  pressure  ca1culatc.l 

from t h e  kqotvn water .depth. The old mine woritinzs extend t o  sur face  (Fig. 6). 

Therz I s  no evidence of any water permeating along t h e  conglomerate l ode  

from the  o ld  mining a rea  t o  t h e  now iIomestalte tunnel .  

3.  S. 3. S. Prof. ?aTer l o .  l h h , ,  1929 (2) b r i e f l y  r e f e r s  t o  water iq 

t he  !-6Lnes i n  t h i s .  r e ~ i o n .  Y"ere- is, moreover, good resson t o  be l ieve  t h a t  

i n  t'ne deep leve l s ,  where t h e  r o c k s a r e  essentially dry, both c a l c i m  and 

sodium chlor ides  a r e  present as solids.f!, p. 123. 

*fSpecimens from deep l eve l s ,  e s s e n t i a l l y  d ry  when col lected,  -tf , F. I. 23. 

"2ravit.y circir7,a t i c n  o f  so lu t ion  i s  regarded a s  t h e  t ranspor t ing  agent 

i n  t h e  theory of  descending or igin .  Doubt i s  thrown on t h e '  su f f ic iency  of 

t h a t  nethod by t h e  very slow r a t e  of g r a v i t y  ~ i r c u l a t ~ i o n  a s  i nd i ca t ed  by 

t h e  dxyness of t h e  deep l e v e l s  of t h e  mines." , p. 1u. 

"!;oreover, t h e  deeper l e v e l s  of  a l l  t h e  n ines  a r e  e s s e n t i a l l y  dry. 
. . 
Pockets of water encountered on t he se  l e v e l s  quickly dra in  o f f  and re-min 

dry. Some deep d r i l l  holes, however, maintain a s m l l  flow of  water  f o r  

eonsi3cr;~ble ~ \c r ic r j s  at. I ~ = n s t ,  and i n  t he  Z a l t i c  ~ n , d  ot ' ler  !rin+:s t h e  v.ratey 

. i s  under some r>ress;ure. Tha region i s  one of  noderate p r ec ip i t a t i on ,  and 

(2) The Copper Beposit?: of I,:ichigal), 
.. . :,. . 
,.. : 
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t h e  upper l e v e l s  o f  t h e  nines contair! abundant water. The f a i l u r e  of t h e  , 

surface  water t o  sink through t he  l odes  t o  t h e  deep openings i nd i ca t e s  t h a t  

t h e  ordinary g r av i t y . c i r cu l a t i on  t o  g r ea t  depth i s  very s l i g h t ,  This  con- 

c lus ion of course, corresponds wi th  t h e  general  experience of  o t h e r  

d i s t r i c t s . " ,  p, 121. 

It should be noted t h a t  t h e  o r e  bearing zones a r e  i n  conglomerate, 
0.0 

fragmental and coalescing a&daloids, and i n  sandstone which however c a r r i e s  
J !  

ore  only near f i s s u r e s  (2,  p.119). ?lence t h e  rocks t h a t  were mineralized. 

a r e  considered t o  have been r e l a t i v e l y  pernleable, . or i z ina l l y .  

n- - - bore t h e  same . r e l a t i on  t o  t he  surface  then ex i s t i ng  t h a t  t h e  

present deep "drjrlf zone bears t o  t h e  surface of to-day.!', .p. 123. 

Perhaps t h e  most noteworthy quote i s  llExcept i n  t h e  upper l eve l s ,  where 

water i s  p l en t i fu l ,  t h e  mines a r e  s t r i k i n g l y  dry." - - - "Away from t h e  

s h a f t s  t h e  workings a re ,dns ty ,  and water ha:: t o  be piped from the. surface  

u f o r  use i n , t h e  Leyner d r i l l s ;  otherwise t h e  a i r  of t h e  s topes  would be 

f i l l e d  with dust. Occasional drovs accumulate on t h e  roofs  of d r i f t s ,  but  

r a r e l y  i s  the re  enough. water t o  .drip.  Even i n  newly opened ground only a 
: :. 

l i t t l e  water i s  encountered, and t h a t  quickly d r a in s  out", p. 100. 

A rock tempcrsture .repcrrt,ed a t .  11,900 f e e t  i s  86.2OF. (Kearserge   ode) 

Temperature gradients  a r e   OF t o  every 117.h f e e t  from 60 t o  5,637 f ee t .  

Keweenawan l a v a ' f l o n s  under l i e  +ny hundreds of square miles  extending 

from Sichigan doum through YIisconsin i n t o  Pine County i n  ?!?innesota. ~ n o r m  

econonic copper,'d.eposits occur only  i n  t h e  u?per Peninsula a r e a  of Ilichigan. 

They appear t o  have good po t en t i a l  f o r  d ry  underground storago areas .  . . 
. . 

. . 
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Fig. I - G e n ~ r a l i i e d  geologic mop of ths Lake Superior region. Modified a f t e r l e i t h ,  
Lund, and Leith (1935, pl. I) 





D i s t r i c t  Product ion 
t 

. - 

*$ 
The f i r s t  mine t o  produce s i g n i f i c a n t  q u a n t i t i e s  o f  copper was the  C l i f f  

, 

mine, which s t a r t e d  operat ions on the C l i f f  f i s s u r e  i n  1845. Th i s  l e d  t o  the  
devclo?n\cnt o f  scvcra l  o ther  f i s s u r e  mines i n  Kewccnaw County, and e v c n t u a l l y  

. ' . . 
t o  the f i r s t  mine i n  a s t r a t i f o r m  depos i t ,  the l s l e  Royale Amygdaloid, i n  1852. 
n i n i n g  operat ions o n . t h e  Calumet.and Hecla Conglomerate s t a r t e d  i n  1865, and 
by the l a t t e r  p a r t  o f  the 19 th  century,  most o f  t h e  major o r e  d e p o s i t s  i n  t h e  . . ,  " 

d i s t r i c t  wcrc producing. * . 

To ta l  p roduct ion  from the  d i s t r i c t  amounts t o  11.0 b i l l i o n  pounds, wh ich  , . . 
.g ives  the d i s t r i c t  a h i g h  rank among the  wor ld ' s  copper producers. Table 1 ;,' ,, . 

shows. t.he d i s t r i c t  p roduc t i on  by lode. . . 

. . .., ' *. , , . , . ' .  . .  . 
'The Ore Depos i t s  ; . .  .. ( . . .  

. . . . . . 
. . Host Rocks.--The nat ive-copper d i s t r i c t  l i e s  who l l y  w i t h i n  the band o f  . ' ,  . . '  

rocks r e f e r r e d  t o  as the Portage Lake Lava Series, on the south l imb  o f  the 
Lake Superior sync l ine .  'Fhe..beds s t r i k e  p a r a l l e l  t o  the Keweenaw Peninsula 

a n d  d i p  between 20 and 75 degrees toward Lake Super io r .  The base o f  the  l ava  
se r ies  - is  no t  exposed; w i t h i n  the  nat ive-copper d i s t r i c t ,  i - t s  minimum th ickness  . . . . .  . 

.. -ranges-from 9,000 t o  15,000 f e e t .  . . 
. . 

.-.The-Portage Lake Lava Ser ies  .cons is ts  o f  interbedded lava f l ows  and sub- 
, . 

o r d i n a t e  sediments. The f lows range i n  composi t ion from maf i c  t o  f e l s i c ,  b u t  . .  . 

. basa l t s  a re  by f a r  the most common,.andesit ic types second i n  abundance, and. 
r h y o l i t e s  the l eas t  common. The th ickness o f  i n d i v i d u a l  f lows o r  f l o w  u n i t s  

r~ . va r i es  from less than a foo t  t o  a maximunl o f  1,600 f e e t  f o r  the  Greenstone F l o w  . , , 

i n  Keweenaw 'county. La te ra l  l y ,  many o f  the f lows a r e  known t o  extend f o r  tens  . 
.-of mi les .  The Kearsarge Flow, f o r  exsmple, can be t raced w i t h  c e r t a i n t y  f o r  

40 m.i les, and. Lane (1911) has conv inc ing l y  c o r r e l a t e d  some o f  the f l ows  i n  I s l e  .. . 
Royale w.ith those on the  Keweenaw Peninsula, a d i s t a n c e  o f  more than SO m i l e s .  

.. . 

Host o f  the sedimentary l aye rs  i n  the s e r i e s  a r e  conglomerat ic ,  a l t hough  
shales and sandstones a r e  common i n  p a r t s  o f  the  ' sec t ion .  I n  composi t ion,  t h e  
conglomerates and sandstones a r e  r h y o l i t i c ,  w i t h  qua r t z  and fe ldspa r  phenocrysts . .  

commonin the pebbles. . T h e r e  a re  over  200 f lows and 20-odd conglomerates i n  
t h e  ser ies .  

. . The predominant o r e  depos i t s  a r e  manto o r  b lanke t  types found b o t h  i n  t h e  
amygdaloidal tops o f  lava  f lows and i n  conglomerate beds; bo th  types o f  occur -  
rence are  l o c a l l y  r e f e r r e d  t o  a s  "lodes." The economical ly  l ess  important  
f i s s u r e  depos i ts  commonly c rosscut  the bedd ing -nea r l y  a t  r i g h t  angles, and may : 
have as w a l l  rock any type o f  rock  t h a t  occurs i n  t'he lava  series. The lode 
depos i ts  i n  amygdaloids account f o r .58 .5  percent ,  t he  conglomerates f o r  39.5 
percent ,  and f i s s u r e s  f o r  2 percent  o f  the t o t a l  d i s t r i c t  p roduct ion .  

Three general v a r i e t i e s  o f  f l o w  top, a r e  recognized i n  the  d i s t r i c t ,  and 
one i s  much more l i k e l y  t o  c o n t a i n  o r e  depos i t s  than the o thers .  The commonest 

. . type i s  known l o c a l l y  a s  a " c e l l u l a r 1 '  top;  i t  has a r e l a t i v e l y  smooth upper . . 

surface, and the degree o f  o r i g i n a l  v e s i c u l a r i t y  decreases downward f r o m . t h i s  
a 

sur face.  Although ce . l lu la f .amygda lo id  may commonly have t races  of copper, no  
'. . . 

. .  ; .  
7 .  

n .  . " * .  
. *  

, ,  . 

* . . . . 



'orc deposits a r t  fdund i n  f l ow  tops tha t  a re  p e r s i s t e n t l y  o f  t h i s  type. A 
fed snloott>-topp~d flows, were apparent ly  more gassy than average, and i n  these 
there i s  cr tcndcncy f o r  the amygdulcs t o  be l a t e r a l l y  in terconnected,  forming . 
w h ~ t  i s  l o c ~ l l y  c a l l e d  a "coalescing c e l l u l a r  amygdaloid." Th is  l a t t e r  type 
of amysdaloid i s  an important host .rock f o r  o re  o n l y  a t  t,he Quincy mine. 

About 20 percent o f  the f l o w  tops c o n s i s t  o f  a rubble o f  fragments o f  
more o r  less a n ~ y s d a l o i d i l  lava, apparent ly  formcd when f l o w - c o n t i n u e d  a f t e r  
a c rus t  had begun t o  form. The i n t e r s t i c e s  bctween fragments a r e  com~nonly . # 

f i l l e d  w i t h  secondary.minera1s. F i ve  0.f the s i x  major amygdaloidal o r e  bodies 
a r e  i n  amygdaloid of  the fragmental type, as a r e ' p a r t s  o f  the  s i x t h  (Quincy 
mine). . . 

The term "scor iaceous" amygdaloid i s  used l o c a l  l y  f o r  fragmental arnygda- : 

l o i d s  i n  which the i n t e r s t i c e s  between fragments ("scoria") a r e  f i l  l ed  w i t h  
sandy o r  s i l t y  d e t r i t u s .  The Ashbcd Amyydaloid, mined bo th  a t  the A t l a n t i c  
mine and a t  var ious  places on the Keweenaw Peninsula, i s  the  o n l y  s i g n i f i c a n t  
example o f  a cup r i f e rous  "scoriaceous" amygdaloid. . . . . 

S t r a t i g r a p h i c  Range o f  the Ore Dep.osits.--Figures 4 and 5 o f  t h e  i n t r o -  
d u c t o r y  chapter o f  t h i s  guidebook show the r e l a t i v e  p o s i t  ions o f  t he  major 

producing hor izons,  as w e l l  as some o f  the more important marker beds. - ~ a j o r  . . 

.ore bodies.occur  i n  the B a l t i c ,  I s l e .Roya le ,  Kearsarge, Kingston,  Osceola, 
calumet and Hecla, Houghton, and Pewabic ( ~ u i n c y  mine) lodes, w h i l e  low-grade 
deposi t s  a re  fol ind'  i n  the Ashbed (a scor iaceous amygdaloid a 1 i t  t l e  below 
Hancock '(NO. 17) Conglomerate), I roquo is ,  Al louez,  and several  o t h e r  minor 
lodes. I t  can be' r e a d i l y  seen tha t  m i n e r a l i z a t i o n  occurs throughout the  se r ies .  
I t  i s  i f ipor tan t  t o  p o i n t ' o u t ,  however, t h a t  almost 75 p e r c e n t . o f  the t o t a l  

- d i s t r i c t  p roduct ion  has come from the midd le  p o r t i o n  ( the  i n t e r v a l  between the .  
Pewabic and Kearsarge Amygdaloids) o f  the  se r ies .  There i s ,  t he re fo re ,  a 
tendency f o r  the o r e  t o  occur near the center  o f  the  Portage Lake Lava ~ e r i ' e s ,  
a l though h a j o r  o re  bodies occur bo th  very  h igh  (White Pine)  and v e r y  low 
( ~ a l t i c  lode mines) i n  the  Michigan copper d i s t r i c t  as a whole. . . 

La te ra l  Exten.t_,of the  D i s t r i c t . - - T h e  Portage Lake Lava Ser ies c rops  o u t  -. . --- 
i n  a b e l t  t ha t  i s  a t  l eas t  160 m i l e s  long, ye t  most of the comi~rer.cial are 

depos i ts  a r e ' r e s t r i c t e d  t o  a r e l a t i v e l y  small p o r t i o n  o f  the  b e l t .  F igu re  1 
shows the ex ten t  o f  min ing  on the p r i n c i p a l  lodes i n  the c e n t r a l  p a r t  o f  the  
area. Over '56 percent  o f  the t o t a l  d i s t r i c t  p roduct ion  o f  1 1  b i l l i o n  pounds 
came from a 28-mile s t r e t c h  between Painesdale and a few m i l e s  no r theas t  o f  
Hohawk. Hany o f  the l aye rs  tha t  c o n t a i n  copper depos i ts  w i t h i n  t h i s  s t r e t c h  
have bctn  cxplorad w i  tho~.it slrccess fo r  m i  l es  bo th  n o r t h  and south o f  ' the  
c e n t r a l  minera l i zed area. There appears t o  be l i t t l e  o r  no change; however, 
i n  thc 9hysisa.l o r  chemical c h a r a c t e r i s t i c s  o f  t h e s e ' l a y e r s  o r  o f  t he  lava  
s e r i e s  as a whole a t  the boundaries o f  the  Painesdale-Mohawk area. Outs ide 
t h i s  area, ~ o s t  o f  the arnygdaloids c a r r y  the same gangue m ine ra l s  and minor 
amounts o f  n a t i v e  copper. I f  m ine ra log i ca l  . d i f f e rences  e x i s t ,  they have y e t  
to oe detected.  Host o f  the conglomerates w i thou t  copper l i k e w i s e  appear t o  
be iden ' t i ca l  t o  those t h a t  a r e  m ine ra l i zed  except f o r  copper c o n t e n t .  Whi le  
i f  i s  t r u e . t h a t  minor amounts o f  n a t i v e  copper can almost always be found 



: 

. , 
,.vr., P , ~ ~ . : , ~ , ~ :  Lake Lava Ser ics crops o u t ,  i t i s  a l s o  c v i d c n t  t h a t  most . . ' 

' , I .  1 1 , ~ :  C O i l ) 6 : l t s ~ . ~  i.1 I -!iraJt: ~nir)t!rs 1 izsl i on .  i s  concentrstcd i n  a r c l a t  i v c l  y  smj) 1 ' ' . . , . 
- .  - - 

I,, ( 1 1 ; s  rcspcc t ,  t . 1 1 ~  Michirjan nat ivc-copper J i 5 t r i c t . i ~  s i m i l a r  t o  
d;,cricts a i l  over t l w  wor ld and thc w r i t e r s  do n o t  be l i eve ,  as do some o t h e r s  - 

j ~ ; ,  i tc', 1968; s t o i  b c r  srd Dav i dson, 1359) , t h a t  thc  reg iona 1 occur rcncc  o f  
minor jmounts ol n a t i v e  coppcr n c c c s s a r i l y  r u l e s  o u t  the  p o s s i b i l i t y  of  l o c a l  
ra ther  than r e ~ i o n a i  sources f o r  the coppcr. 

. . .' ' . 

Factors C o n t r o l l i n g  the L o c a l i z a t i o n ' o f  t he  Ore # .  . . . 
' . .  ' )  . . .  

A l l  contemporary workers i n  the d i s t r i c t  agree t h a t  the  o r e  depos i t s  a r e  
ep igenct ic  and tha t  the ore-bear ing s o l u t i o n s  were hydrothermal.  Whether the  
so lu t i ons  were der ived from a c r y s t a l l i z i n g  magma ( B u t l e r  and Burbank, 1929) 
o r  whether they were sweated o u t  i n  depth  dur ing .  metamorphism . ( ~ t o i  ber  and 
Davidson, 1959; Whi t i ,  1968) i s  debatable, bu t ,  i n  e i t h e r  case, they  were h o t -  
water so lu t i ons .  

I t  can the re fo re  be assumed t h a t  the  o r e  bodies. i n  bo th  amygdaloids and 
conglomerate beds were formed by hot-ascending s o l u t i o n s  t h a t  were somehow 
concentrated i n  c e r t a i n  s e l e c t  areas. Since the  l i t h o l o g i c  c h a r a c t e r i s t i c s  

.--of the amygdaloids and conglomerates away- from the o r e  bodies a r e  s i m i l a r  t o  . 
those w i t h i n  the o r e  bodies, s t r u c t u r a l ,  r a t h e r  than chemical,  c o n t r o l s  appear 

. . to be the main cause f o r  l o c a l i z a t i o n  o f  the ore.  

The most reasonable exp lanat ion  f o r  the form o f  many depos i t s  1 i e s  i n  t h e  
b a r r i e r  hypothesis,  o r i g i n a l l y  advanced by Graton., Brodcr ick ,  and B u t l e r  i n  
spec ia l  repo r t s  t o  the ~ a 1 u m e t : t .  Hecla Min ing  Co. . T h i s  theory  v i s u a l  i zes  Lhe 
o r e  so lu t i ons  as t r a v e l i n g  up d i p  a long c e r t a i n  amygdaloids and conglomerates 

- w i t h  throughgoing pe rmeab i l i t y  ( B u t l e r  and ~ u r b a n k ,  1'929). Inasmuch as the 
thickness and permeabi . l i ty  o f  a g iven amygdaloid o r  congl.omerate bed may vary  
enormously ,from p lace t o  place, ' f l o w  tended t o  be concent ra ted  a long those 
pathwayse t h a t  a f fo rded the l e a s t  res i s tance  ' t o  f l o w  f rom depth t o  the  sur face,  
and tended to  avo id  r e l a t i v e l y  impermeable areas, which would thus a c t  as 

. . b a r r i e r s .  So lu t ions  were funneled by b a r r i e r s  o f  va r i ous  types i n t o  the  areas 
tha t  a re  now minera l i zed.  F igure  2 i l l u s t r a t e s  two types o f  b a r r i e r  causing 
such funne l ing ,  concen t ra t i on  o f  so lu t i ons ,  and fo rma t ion  o f  oreshoots.  The 
f i r s t  type i s  exemp l i f i ed  by the southwest end o f  the  d e p o s i t ' o n  the Osceola 

. Amygdaloid lode, where a number o f  p a r a l l e l  s t reaks  o f  t h i n  and r e l a t i v e l y  
impermeable amygdaloid, rak ing  westward, appear t o  have concent ra ted  the  f l o w  ' 

. o f  copper-bearing s o l u t i o n s  i n  the rocks j u s t  down d i p  f rom the  b a r r i e r .  The 
second type i s  exemp l i f i ed  by the  oreshoots . o f - t h e  o l d  Calumet and Hecla 
Conglomerate mine. I n  t h a t  area, the conglomerate bed t h i n s  i n  each d i r e c t i o n  
a l o n g . s t r i k e ,  and both  the s t r i k e  l e n g t h  and th ickness o f  t he  lens increase . 
w i t h  depth. The funne l ing  caused by t h i s  upward decrease i n  the  h o r i z o n t a l  
cross sec t i on  o f  permeable rock  l ed  t o  the  fo rmat ion  o f  v e r y  h i g h  . . grade ore-  
shoots ' in  the upper l eve l s .  

'Where no major b a r r i e r  o r  c o n s t r i c t i o n  was present  i.n a t h i c k  l a y e r  a c t i n g  . .  , 
as a major channelway, the f l o w  would n o t  be concentrated,  and as a r e s u l t ,  
small ,amounts. of copper could'  be d i spersed through .a l a r g o  volume o f  r o c k  t h a t .  
would n o t  be r i c h  enough . . t o  mine  roderi rick, 1931). . .. . . . . 
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conscqucncc o f  d e t r i t u s !  w i t h  basins and l ack  o f  f i n e  
d e t r i t u s  w i t h  

.. . . 

t here  i s  a l s o  a  c o r r e l a t i o n  
o f  o r e  and th ickness o f  t l ~ c  

p a r t  o f  thc  ,mint, t h i c k ,  
. i s  45 o r  morc f e c t  t h i c k ,  

. footwsl  l o r e  whcrc i t  i s  
i s  l ess  than 30 fc.et . . 
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- .Centennia l  No. 3 -6  Ore ~ o d v  . :  

The Centennial #3-#6 oreshoot i s  loca ted  w i t h i n  the  Calumet and Hecla . . 
Conglomerate bed approximate ly  1 m i l e  no r theas t  o f  the v i l l a g e  o f  Calumet. 
I t l i e s  up d i p  and nor theas t  o f  the  o l d  Calumet & Hecla mine workings, and . . 

represents a  l a t e r a l  ex tens ion  o f  t h a t  depos i t  (f ig. 5). . . 
, . 

The mine was"o r ig ina l1y  exp lored and t e s t  stoped on the  upper l e v e l s  by 
t he  Centennial Min ing Co. p r i o r  t o  the t u r n  o f  the  century.  Th i s  o r i g i n a l  work 
was d i ssp9o in t i ng   an^, whi le,  the  Centennial  P3 s h a f t  was sunk 3,100 f e e t ,  no . 
o r e  was found. Weak m i n e r a l i z a t i o n  was found on the  upper Jevels,  b u t  t e s t  
s top ing  ?roved the o r e  t o  be below commercial grade. 

I n  1956, i t  was decided t o  r e h a b i l i t a t e  the Centennial  #3 s h a f t  as an . . . . 
e x p l o r a t i o n  p r o j e c t .  The e x p l o r a t i o n  was based on the hypothes is  t h a t  the  
l o w e r - 5 r ~ d e  m i n e r a l i z a t i o n  near the sur face represented leakages f rom below 
and tha t  the depos i t  would increase i n  grade w i t h  depth and u l t i m a t e l y  connect 
w i t h  the h igher  grade o r e  t h a t  was known t o  occur  i n  the  o l d  workings. 

Accordingly ,  the  s h a f t  was unwatered and d r i f t s  were d r i v e n  .on the  9th.  
11th. 17:h, and 3 l s t  l e v c l s .  An oreshoot was i n te rsec ted  on a l l  these l c v e l s  
t h a t  p ros ress i ve l y  increased i n  grade from 17 pounds per  t on  on the 9 t h  l e v e l  
t o . 2 8  pounds per t on  on the  31s't l eve l ,  The s t r i k e  length of the m i n e r a l i z a t i o n  . 
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# a l s o  incrcascd w i  t c  depth ( f i g .  6, oreshoot "A") .  A t .  t h i s  p o i n t ,  the company 
decided t o  dcvelop the mine f o r  a product ion opc rs t  ion. S t r i k i n g  increases 

-r , i n  grade cont inuco w i t h  depth, and the present  b o t t ~ m  l e v e l  (36 l e v e l )  i s  the  , . ' 

r i c h e s t  and most cont inuous ly  m ine ra l i zed  l e v e l  i n  thc mine. . . 

Product ion from the mine s ince i t  was r e h a b i l i t a t e d  i n  1956 t o t a l s  
752,480 tons, from which 19,300,446 pounds o f  copper were recovered a t  an , 

average y i e l d  o f  25.65 pounds per ton. 
I . . 

D e t i i l e d  geologic  mapping has revealed some p r e v i o u s l y  unsuspected 
r e l a t i o n s h i p s  between the Ca lumct Conglomerate i n  the Centennial  ' # 3 - i 6  area . . 
and i n  thc main o r e  body tha t  have c o n t r o l l e d  the  l o c a l i ~ a t i o ~  o f  the  ore,  
and these r e l a t i o n s h i p s ,  descr ibed below, pe rm i t  reasonably accu ra te  
p r o j e c t  ions i n t o  unexplored areas.. . . .  . .  

Hain-Channel Conglomerate Versus Conglomerate of .Centennia1 #3-11614ine.-- ' 

The Calumet and i iec ia Conglomerate can be t raced f o r  over  40 m i  l es .  , For most - 

o f  t.his length ,  i t  i s  very  t h i n ,  ranging from an inch  o r  l ess  t o  a few fee t ,  
. . i n  thickness, but i n  the Calumet area . i t  a b r u p t l y  th ickens and'averages over  
. 10 fee t  i n  th ickness.  As f i g u r e  5 makes c l e a r ,  the bed tends t o  c o n s i s t , o f  . . 

. . .a ,g roup o f  sub?ara l l e l  t h i c k e r  and th inne r  l e n t i c u l a r  s t reaks  t h a t  t rend  
. gene ra l l y  no r th .  The bed as a whole a l s o  tends t o  t h i c k e n . w i t h  depth. The 

lenses e x p l o r e d ' a t  Centennial #3-#6 mine appear t o  be t r i b u t a r y  t o  those o f  . 

the main Calumet and Hecla o r e  depos i t ,  'and d i f f e r  from them i n  l i t h o l o g y .  
The boundary between what may be termed the "main-channel conglomerate" and 

- the " t r i b u t a r y  stream-channel conglomerate" o f  t he  Centennial  #3-#6 mine i s  
- . shown by the heavy dashed 1 ine .on  f i g u r e s  5 and 6. 

* 

The pebbles o f  the conglomerate o f  Centennial  13-#6 a r e  almost exc lus-  
i v e l y  quar tz - fe ldspar  porphyry, l i k e  those a t  the Kingston mine. I n  
cont ras t ,  the main-channel conglomerate conta ins  a v a r i e t y  o f  f e l s i t e  and 
granophy're pebbles; quar tz - fe ldspar  porphyry 'pebbles a r e  common, bu t  a r e  
genera l l y  smal ler  than average. The pebbles as a whole a r e  l a r g e r  and 
b e t t e r  .rounded than t l ~ o s e  o f  the Centennial  113-116 mine. These d i f fe rences  

, . suggest t h a t  the pebbles a t  the Centennial  #3-#6 were de r i ved  f rom a 
r e l a t i v e l y  small source area o f  qua r t z - fe ldspa r  porphyry t h a t  was c l o s e  t o  

. . 
the s i t e  o f  de?os i t i on ,  and t h a t  pebbles o f  the  main-channel conglomerate 
were, on the average, t ranspor ted  f o r  a g r e a t e r  d i s tance  f rom a g e o l o g i c a l l y  . 
more d i ve rse  source te r rane.  

I n  bo th  main and t r i b u t a r y  channel-s, there  i s  a tendency f o r  t he  
conglomcrate t o  be coarser and t o  c o n t a i n  less  f i n e  mater.ia1 where i t  i s  . . 

t h i c k  than.where i t  i s  t h i n .  . . 

Figures 5 and 6 show the  5- fo0. t - th ickness contour .  Both types o f  
conglomerate p inch  o u t ' v e r y  r a p i d l y  and, f o r  a l l  p r a c t i c a l  purposes, t he  
conglomerate bed 'ou ts ide  o f  the 5- foo t - th ickness  contours can be ignored. 
If any sedimentary n i a t c r i a l  i s  present  a t  a l l ,  i t  i s  u s u a l l y  sha ly  o r  sandy 
and i s  o n l y  a f e \ ~ '  inches t h i c k .  The reader w i l l  no te  t h a t  the Centennia l  . 
# 3 - I 6  cons lo id ra te  lenses t rend almost d i r e c t l y  down d i p ,  b u t  than t u r n  
a b r u p t l y  t o  a n o r t h e r l y  d i r e c t i o n  near t he  bottom o f  t he  mine where they  

, . . .  . I . * .  approach the main ehannel. . , . , . . .. . . 
* (  . + ,  . . . . . . 







Copper ~ c . c i l i r . ; . n c c s .  - - ~ l ; c  coppcr tcnds t o  occur i n  bands w i  t h i n  the  bcd . ---.-- 
as i t  doc5 s t  ir lc k i r ~ ~ i s t o n  mi r~c .  tlowcvcr, bccausc the conqlomeratc i s  much 
th inner  (8- foot  irvcragc) . i n  t l lc  ~ e n t e n n i s l  13- / /6work ings,- t l ,e  c r i t i r t  Lcd 
i s  u s u a l l y  nlincd and t l ~ c . s c g r c g a t i o n  o f  thc  o r c  i n t o  zones i s  n o t  .as obvious. 
Scs i tc red  obscrvat  ions. snow tha t  thc copper tcnds t o  jurnp from onc s t r a t i -  
graphic.  p o s i t  ion t o  another,  as i t  does i n  thc t h i c k e r  conglorncrates ( f i g .  7). 

The i n t e n s i t y  o f  m i n c r a l i z s t i o n  again adpears t o  be c o n t r o l l e d  by severa l  
f ac to rs ,  p a r t i c u l s r l y ' t h e  rypc and amount o f  i n t e r s t i t i a l  m a t e r i a l  and the 

, 

l o c a t i o n  o f  "p inch-outsU.or  b a r r i e r s .  . . 

The congloncrate i n  the h igher  grade a reas ' t ends  t o  be e i t h e r  r e l a t i v e l y  
' 

f r c e  o f  f i n e  i n t e r s t i t i a l  m a t e r i a l  o r  c a r r i e d  f a i r l y  coarse sand o r  smal l  
pebbles i n  the i n t e r s t i t i a l  spaces.' Those.areas c o n t a i n i n g  abundant f i n e  
shale o r  s i l t  i n  the i n t e r s t i c e s  tend t o  be low grade o r  barren.  The composi- 
t i o n  o f  thc i n t c r s t i t i a l  m a t e r i a l  a l s o  seems.to e x e r t  an i n f l u e n c e  on the  
amount o f  copper present ;  conglomerate i n  which the i n t e r s t i t i a l  m a t e i i a l  . . 

cons i s t s  o f  quar tz - fe ldspar  porphyry sand o r  small pebbles tends t o  be the  
best minera l  ized.  hi 16 qua r t z - fe ldspa r  prophyry pebbles and sand a r e  . . .  

. f requent ly  completely bleached and a l t e r e d  throughout the ent i . re .pelbble o r  
. .. . 

g ra in ,  i t  i s  r a r e  to '  f i n d  pebbles r e p r e j e n t i n g  o t h e r  types o f  f e l s i t e  o r  
granophyre tha t  have a bleached r i m  more than a smal l  f r a c t i o n  o f  an i nch  
t h i c k .  .As p rev ious l y  po in ted  ou t ,  s ince  b leach ing  i s  i n t i m a t e l y  assoc ia ted  . . 

w i t h  the copper, i t :  has been pos tu la ted  t h a t  bleached rock  r e s u l t e d  f rom the 
,cheinicsi a c t i v i t ; ~  o f  the orembearing so lu t i ons .  Whether t h i s  blea'ching'and 
associated copper i s  due p r i m a r i l y  t o  the chemical composi t ion o f  the  ro.ck o r  

..sonc physica: c i i s r a c t e r i s t i c ,  such as s i z e  o r  shape, i s  unknown, bu t  t he re  i s  
a tendency f o r  the hi 'ghest grade copper. t o  occur where qua r t z - fe ldspa r  

- -porphyry i s  abundant. 
. . 

L o c a l i z a t i o n  o f  Oreshoot.--The copper m i n e r a l i z a t i o n  a t  Centennia l  X3-P6 
' 

. . 
occurs in -  two major oresnoots ( f i g .  6 ) .  Mineable o r e  i s  present  i n  s c a t t e r e d  
areas ou ts ide  o f  these two shoots, bu t  i s  low grade and e r r a t i c  and probab ly  
was formed by s t r a y  s o l u t i o n s  t h a t  leaked o u t  o f  the  major oreshoots. Both 
oreshoots occur i smed ia te ly  adjacent  t o  the 5- foo t - th ickness  contour  l i n e .  
These a r e  areas where the  conglomerate bed a b r u p t l y  i n c r e a s e s ' i n  th ickness  
from a f o o t  o r  less t o  5 o r  more f e e t  w i t h i n  10 o r  20 f e e t  a long the s t r i k e  
o f  the bed. As has been p rev ious l y  po in ted  out ,  such c o n d i t i o n s  form idea l  
b a r r i e r s  and, i n  the w r i t e r s '  op in ion ,  c o n t r o l  the p o s i t i o n  o f  the  oreshoots. 
Perhaps the most convinc ing evidence f o r  t h i s  i s  the f a c t  t h a t  the  h ighes t  
grade o re  occurs next t o  these "pinch-outs" and the  o re  then g r a d u a l l y  
decreases i n  grade away from these areas u n t i l  i t  becomes marginal.. 

5 .  

Oreshoot "A" as shown i n  f i g u r e  6 1 i e s  complete ly  w i t h i n  the  tributary 
cl~aitrrel. The d i rcc : ion  o f  m i n e r a l i z a t i n n  f o l l o w s  t h e  d i r e c t i o n  o f  t he  stream 
on the upper l e v e l s  where the shoot trends almost d i r e c t l y  down d i p ,  On 
the 34:h level ' ,  however, i t  tu rns  sharp ly  a n d . p a r a l l e l s  the  a x i s  o f  t h e  main 
channel near the  p o i n t  where the t r i b u t a r y  a l s o  t u r c s  and f lows i n t o  t h e  
main.channe1. Quar tz - fe ldspar  porphyry pebbles pregorninate i n  the  h o s t  rock. 
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Tne b'hite ?ine operations a r e  ~ ~ ' T S O N ,  ~h2i?, Ontonagon County, 19chigan. 

I z k e  Superior and t h e  t o m  of antonagon a r e  about six miles t o  t h e  north, 

t:>e " ~ u p i n e  3ountai .n~ are  oiiuated a few ~niles t o  t he  west. The 1iiir.e i s  

L5 t o  75 riles west -;v,scuth~est of the principal  na t ive  coppcr mines near  

' i ~ i l g h t ~ ~ n  and !lancoclc. The surface  i s  f la t  with an e levat ion a t  t h e  ,n;ir,e 

about 230 feet above Lake Suycrior elevation.  

- .  

.The ore lcyer znd , there fore  t h e  minicg areas are i n  t h e  lover 23 t o  
. . 

25 feet, of t h e  Bonesuzh s l d e ,  o f  l a t e  Kev~eenawan age. The shale is a b x t  

623 fcet $hick and Ls co:nposod mastly of s i l t  sto:ie. It ove r l i e s  2303 t3 
? .  

$530 feet of sandstone and conglomerates, These l a t t e r ,  i n  t u r n  o v e r l i e  

" t h e  Portage Lake Lava series in which t h e  native co?per o,re .occucs. 

The thickness of the  middle  Keweenalvan l a v a s  i n  t h e  copper d i s t r i c t  i s  

probably 29,330 feet  (y 'h i tc .  1963).  O v e ~ l y i c g  these  are a t  l e a s t  15,033 feet 

of seblnentary rocks of late Zewcena~an age. 

?Znirg i s  t loneby t h e  room and pillaE system because of the  rathor 

gen t l e  dip of t he  Nonesuch shale. The mine i s  reported t o  be t h e  l a r ~ e s t  

room' and p i l l a r  n ine  i n  Vorth America, 

T h e  major s t ruct t i ra l  f ea tu re  i s  t h e  \'ihito 'ine Fault. This f a u l t  was 

i:t::rse:ted'by ,nine rorkin~s ::any years zgo a t  1633 feet of  depth. J a t c r  

was present  and a flow of several hundred g d l o n s  pe r  minute occurred, 

This flow has decreased t o  d f l on  of  only  a f ew ' j p l l ons  per  minute. 



T2e dceper~t x ine  ao:L.i-r-.$sz ye s:!igh+,lj belml 23:13 f e c t  of dc';;f!i zn::l ars 

. .'. . 
y e  2e ;nine gcolo3ist.s .> if;e:...... ., no:, able  t o  ir icntify or recall ~11.3' z ~ e s s  of 

' --.- 
' &+,age or wetness i n  the deer,er ~ o n e s .  Hence hydr~lc$c ir!f?mn2tion 3 ' 1 ( ~ i l -  

c'u'le ?;::re is mc-agcr.' It shmld  be noted hoi~;cver t h a t  wstcer . - lo~~!s  9ccurrel.i 

in a .  f z ,d t  here .at 1633 feet  and t h a t  vrater ' f lows of ,123 5 .  ?. b!. or ~o 

also occur in a 150 foot wid6 shear zone a t  t h e  Ccco Yirie, elso a t  aboni; 

1630 feet of depth.' . 
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T?.e Soudcn ,mine i s  now p a r t  of Soudm Stste Park, s o m  two ~ l c s  e a s t .  

. . of T & E ~  Yinnes3ta, a t  t h e  me'htern end of  the.  Vcrrr,illion i r o n .  r ange , :  

T::e geolozy of t h e  . ~ n e  and v i c i n i t y  i s  given on t h o  a t t a c h e d  cn? ics  

oi" e x c s p t s  f r o 3  a pape r  by F. Iilin::ew. 

,. ..Icner::l S t a t e c e n t  
. - 

The S o u d ~ n  mine opera.ted Tor 75 years and produced about  15 .nj.].lj.on 

twc, zf hard herz? t i te  o r e ,  'fhe cletpest o ; ~ ~ n i r , g s  a r e  3.t 2533 f e e t  cle!?t?i, 

lli 7. i ?- .- 
. . 

,..- ore  .r:n.j r q i ! l ?  v:ol-l.:ings a r e  ;.:it.hin t,i.:e Zly, .3 rcenaton~.  5el . t .  Ti;<? 

rcsks .:re o f  e a r l y  ' P r e c m b r i a n  age (> 2509 ~LY. ) .  

Ths mine i s  m i n t a i n e d  by t h e  Parks Separtment and t o u r s  a r e  conductet.1 

on t h e  2'503 f o o t  level and i n t o  3 m i n  s topc .  V i s i t o r s  wear brd ine ry  r.hoes 
. . 

;.?-I cl:t.hes 2s t h e  l eve l  and t h e  .!-arze s t o p e  above it is dry. 

0:1e b r i z o n t a l  drill   ole t o  t h e  n ~ r t h  on t h e  2503 l e v e l  war; ~ o i s t  

around t h e  co l l a r .  Soye water vias observed in an o ld  d r a i r l o ~ c  tli tch. Thiu 

t~a t . e r  "a,? 2 n  M d n ,  1 ess t han  1/3 inch (fee? and b a r e l y  moving. I ,ria.? 

i c o r n z d  by t h e  guide (an ex-So?lilan ainer) t h a t  ?un?ing wzs  .done at the 23r.l 
. .. 

r , !  25t9 ~cv. .c l s  b-.:crisc! :\..-.'icy ezTe  ?o~?in. t ! ~ r : y j ~ h  t,he o l d  s.?rkin;s d:lri?;: 

9 Xl inge r  PI L. Ceol.ogy of t h e  Soudan IJine and Vic in i ty ,  Guidebook f o r  
F i e l d  T r ips ,  1'956 ,-.S. !I. ~ c h m r t z ,  %li tor .  . . . 

. 



in rl??3 7.7 $c z 3 ctt.c:r, t,%c. rc.l..lc.:tt.t .:i?.r!J n:n.?;pr !.:fql-r: -R ?,??::: t.%c.i%c- . . 
. . .  

icr r;f??nc! :.el.~r, !J t o  5 S .;'.I!. Troi one: d.rj.1. l h o l o  on t h e  24 '. ~ : c l  ;tn?~.. :.nil . . 

.cl.r.? -,:::tcr cn2?1-?.:.1;: fl-o:~ -7 :'i?:.:?2n,! r11-?11 1111.~::  1.11 t.!.:n n! .! 11-7r.i:l.n.:~ on t . 9 ~  
. . 

CI - 
(: I l c v c l .  . 3rc:iur;e ' I?.? l;.!c:i: o.f r>s fc:ty ' ;rr.l.~ltlr!n.-.xc! in t ,?c~n a.1-9: S ,  I cl,ir.? vr ) 

:ice t"le 27th  l ~ \ ~ c l .  The main stope on t h e  25?:) 1c.rnls ir; coi:!;:l~tcly C ~ J .  

excc3t. f o r  the d r i l l  .hol.e noted above. 

.A l.?rse :.ie:?:ber o f  d r i l l  holes  3xvc bcnn 2:-Elnd ngdh a?,? south, 3f tkc. 

net-rly al17ays d~ ~ ~ i t h  a f e ~   exception.^ as noted ea r l i c r .  The c>xct  s3:rcc 

i y  n!-t l:nwm b>jt  :..expect t !?st  s m e  ~pnning o f  frsct,ures i:l t.'1c- b ~ i t t I  c: 

due 
S;:C;?~. bs.nJs h;va - .!r;;.elc?3c4 - Ii;? +,hc ,=;::tensfie p z ~ t  !lining, ce t i  y i t i ~ s ,  ' 

. . 
T3e grcen::7.tonc Sclt,s, :r.y?:~y f rozn o l d  mining arcss !?eve patcnt!.:l, cut 

t h i s  ??t,cinti;.7. prohc.3ly i.7 Sclov Acnths 3939 feqt. 





ABSTRACT 

The rocks  of the Soudan a r e a  a r e  composed of the Ely  greens tone ,  con-  
taining lenses  of si l iceous i ron  format ion,  and the Knife Lake group which in- 
cludes s la te ,  conglomerate , graywacke,  and possibly tuff s .  The  genera l  
s t r ike  of the rocks  i s  E-W to  N.  80" E. and the dip, 75-85' N. Mine opetiings 

do not penetra te  the Knife Lake rocks .  

The greenstone and included i ron  format ion a r e  flanked on the nor th  and 
south by s la te  and coa r se  c las t ics  previously cor re la ted  with the Knife Lake 
group. Cer ta in  relat ions between the greenstone and the southern belt of sedi- 
ments  suggest  that  this belt m a y  s t ra t igraphical ly  under l ie  the greenstone.  

The greenstone consis ts  of schis tose  flows, tuffs,  and sed iments ,  cu t  by 
intrusions of basic  to acidic con~posi t ion.  The proportion of tuffaceous and 
sedimentary ma te r i a l  appears  to be g r e a t e r  than i n  o ther  p a r t s  of the Verlnil- 
ion range ,  and may be 4 0 ' ~ e r  cent  of the greenstone.  Zones of f ragmenta l  
rocks  appear  to be marginal  to be l t s  of i r on  formation.  Rounded pebbles of a 
granit ic rock a r e  found in some greenstone and suggest  the p re sence  of an 
older  grani te  not previously recognized in the Vermilion d i s t r i c t .  Distincti\.e 
and pers i s ten t  lithologic units  a r e  uncommon, and t h e r e  i s  much intercalation 
of rock types. Lithologic sequences may  change grea t ly  within a few hundred 
feet. The greenstone shows a general  lack of folds ,  and although i t  is greatly 
a l te red ,  many p r i m a r y  s t ruc tu re s  a r e  p re se rved  in  minute detail .  

e 

The i ron  format ion occu r s  a s  lent icular  bodies within the greenstone.  Its 
main constituents a r e  quar tz ,  hemat i te ,  magneti te &r  mar t i t e ,  pyr i te ,  s i de r -  
i te ,  and chlori te.  Much of the hemat i te  is secondary.  Th ree  genera l  types 
have been mapped; greenish-white che r t ,  lean j a spe r ,  and jaspil i te.  The  jas- '  

and i t s  tendency , l o  form th icker ,  more pers i s ten t  beds .  .The c h e r t  and lean 
jasper a r e  marg ina l  to the bodies of jaspilite., and the ' t h r ee  types  rnak r ep re -  

pilite i s  distinguished by i t s  higher i ron  'content, a prominent banded structure,  

sent  both horizontal  and ver t ical  changes i n  the i ron format ion.  Average 
analyses  of di f ferent  types a r e  given. Strong deformation of the  j a spe r  is i n  
contras t  to the lack of folded s t ruc tu re s  in the greenstone.  



material  associated with the belts of iron formation. These sedimentary 
zones separate the iron formation f rom greenstone which appears  to have 1 
derived largely f rom igneous material .  Whether the sequence--greenstone . ' 

chloritized tuffs and'sediments, and i ron formation--represents ~ ~ ~ ~ e ~ s i . i e 1 - j  : 
younger rocks i s  not known, b e c a u s e  information as to tops and bottoms of 
beds is lacking. 

I ,  
i 

The relationship of the southern belt of "Knife Lake" sediments t o  the 
t 
I 

greenstones and i ron formation is a special problem. There  is some struc; - ! 
I 

turd and lithologic evidence that these sediments may  stratigraphically under-  
lie the Keewatin rocks. This  problem is presented la ter .  1 

ELY GREENSTONE 

General Description 

The Ely greenstone is a complex se r ies  of clast ic sediments,  intrusive 1 
rocks,  volcanic flows, and tuffs. The proportion of tuffaceous and sedimen- 
t a ry  mater ia l  may exceed 40 p e r  cent. The greenstone in the Soudan a r e a  
appears to be considerably different f rom that in other p a r t s  of the Vermilion 
range. With the exception of some intrusions, lithologic units of the green-  
stone are parallel t o  each other and also to the units of i ron  formation. A 
well-developed schistosity is normally present ,  striking E - W  to N 80" IF: and 
dipping 80-85" N. This direction i s  usually maintained regard less  of foldec! 
structures.  Although the schistosity usually paral lels  the s t r ike  and dip of 
lithic units,  it sometimes cuts p r imary  planar s t ructures  a t  a very low an;;le, 
usually l e s s  than 15". 

I 
The greenstones are usually fine grained, and almost  always consis t  of a 

mixture of chlorite, ser ic i te ,  and quartz. Depending on the amount of chlor- 
i t e  o r  sericite prcscnt ,  they range in color f rom dark green to g ray  o r  ye1lov.r- 
ish gray. The rock types apparently represent  hydrothermally a l tered igrieucr 

l 
and sedimentary rocks whose p r imary  texqures and s t ruc tures  a r e  part ial ly I 
retained. In spite of the often pronounced schistosity, shearing has not been I 

extensive. P r i m a r y  textural  and structural  features ,  such as amygdules, 
phenocrysts, spherulites ( ? ), granules,  'bedding, fragmental  tex-ture, etc. 
a r e  in many cases  well preserved.  Some zones a r e  strongly sheared,  cspec  - 
idly in  the vicinity of faults. 

1 
j 
I 

The rocks  at Soudan show a wide range in  chemical  composition, and - 1 
they differ in several  respec ts  f r o m  the typical Ely greenstone. Analyses , 

f r o m  other parts of the Vermilion range (Schwartz and Reid,  1955) consistent- I 
l y  indicate a basaltic composition. Although basdltic types a r e  fa i r ly  col-nrr.c - 



i 
i?l the Soudan a rea ;  these a r e  equalled if not exceeded in volume by rocks 

I : ~ehjch  contain relatively high silica and/or  'alkalies, moderate to low titania, ... . '.. i 
alld very low lime. The magnesia content ranges f rom 1 to 12 per  cent,  and 
the ferrous iron content of some types i s  abnormally high. 

The greenstones appear to be made up largely of volcanic rocks ,  such a s  
flows and tuffs. The amount of sedim.entary mater ia l  i s  probably l e s s  than 
20 per cent but may be greater .  The proportion of intrusive mater ia l  i s  un- 
known, largely because of the difficulty in  distinguishing flows f rom si l ls .  
kn zccurate estimate of genetic types i s  hindered by textural  and composition- 
21 similarities, differing degrees of rock alteration, and lirnited exposures. 
There is considerable intercalation of the lithologic units. Discontinuities 
zr~d rapid variations in  thickness a r e  common, and a 1ithoJogic sequence found 
in one dri l l  hole may be greatly changed in a parallel hole' 200 feet  away. 

.Flows 

Amygdaloidal phases of the greenstone a r e  fa i r ly  abundant. The amyg- 
dules usua1l.y consist of finely granular quartz, sometimes with calcite o r  
ierruginous carbonate. They occur in  narrow zozes, o r  may  he concentrated 
13 i r regular ,  isolated patches. Some zones of amygdaloj.da1 m.aterj.al, only a 

. . 
i ew  inches thick, resemble thin sedimentary beds ra ther  than flow tops. It . . 

is possible that in some cases ,  "amygdules" may be granulated phenocrysts .. . 
or detrital grains of quartz. Except i n  r a r e  cases ,  amygdaloidal zones offer  
little o r  no information of stratigraphic value. In addition to the amygdaloidal 
material, some spherulitic structure s a r e  occasionally found. Ellipsoidal, 
or pillow structure is r a r e ly  seen. The thickness of single flows appears  to 
range f rom a few feet up to several  hundred feet. .Flow s t ructures  have not 
been definitely recognized, but a r e  suggested by some bandcd s t ructures .  

Fragmental .  Rocks and Sediments 

Fragmental textures a r e  ra ther  common in the greenstones. Although 
there are some good exposures of fragmental mzter ia l  i n  outcrops and in  
uderground openings, .much of the greenstone i s  fine grained and the f rag-  
Sental texture is visible only on dri l l  core. ,Such rocks usua1l.y havc only a 
crude bedding. Rock and mincral  fragments commonly .show orienta.tjon par- 
a le1  to schistosity; this could be due to  original bedding o r  to l a t e r  deforma- 
tion. The fragmental rocks probably include 'both pyroclastic and water-' 
Xr?~lsportcd material .  Such beds ,arc  us1.1ally l e s s  than 20 feet thick but may 
3e more illall 100 feet thi'clc in some places. 

An interesting fragmental and/or conglomeratic rock occurs  on the l ower  



TABLE 1. - CHEMICAL ANALYSES OF GIGENSTONE 
AND OF PAINT ROCK 

(A) Greenstone ( B )  Paint Rock 
(Dried at 212" F . )  

S i02  51.7 20.9 

15.3 16.8 ' 

A1203 

. . 3.4  52.0 F e 2 0 3  

FeO 7 . 3  04 

MgO 6.7 . 1  

CaO 9 . 4  . 2  : 

A. Average of three analyses of greenstone (Schwartz, 1924). 

B. Oliver Iron Mining Division chemical laboratory. 



Geco !;!nc 
. . 

The Geco mine i s  a t  ~~n i touv radge  Ontario Canada. 

xhe general geology i s  out l ined i n  a t tached excerpt f ron ,me.+. 

The Cu Zn he ores  a t  t h e  Goco nine occur i n  a highly ~ e r i c i t i z c d  

quar tz  - fc1dspa.r - bio tx te  gneiss horizon. North of  t!~is harizon there 
. .  .. 

are garn i t i fe rous ,  amphibole - b i o t i t e  gne i ss  and b i o t i t e  g ran i te ,  and t o  

t h e  south 'quir tz i te .  

A 9:; j:.?~* f a u l t ,  t h e  Fox Creek f$:dt,' c u t s  t'le ore - zone .a:, thc ?r.?!;t. end 

There is no deeper, mining near t h e  fault and t h e  o r e  z9ne rakes dorm t o  

t h e  ea s t  as sho~m on the long i tud ina l  section.  

. . 

- .  . r ?ye 2. +. 1 5 7 ,  ~'i;eologi,cal Explorationfl , In s t .  on Lake Superior ' 

G c o l o ~ .  :iich, Toch' Press . . 



before the resu l t s  of fur ther  dri l l ing indicated a deposit of such importancc 
that thc biggcst staking rush in the his tory of Orltario, and one of the biggcst 
i n  the his tory of Canada,  was precipitated. 

Location of Area ,  Means of Access  

The Manitouwadge Lake a r e a  f o r m s  a sma l l  but very  ' important par t  of 
the Heron Bay - White Lake. region along the nor th  s h o r e  of Lake  Super ior .  
As shown in F ig .  1 ;  i t  l i e s  about midway between two' t ranscont inental  ra i l -  
ways, the Canadian National Railways l ine on the north and the  Canadian 
Pacific l ine or, the south; i t  i s  170 mi les  eas t -nor theast  of the Canadian 
Lakehead, and 200.miles  nor theast  of Houghton, Michigan. , . 

The a r e a  i s  access ible  by an Ontario Department.of Mines a c c e s s  road  
. . 

connecting Manitouwadge Lake with the Trans-Canada  highway along the 
north sho re  of Lalce ~ u p e r j n r ;  by a spu r  railway l ine built south f r o m  l-lills- 
port  by the Ca.nadian.Nationa1 R.ailways; =nd by a second railway l ine ,  built 
north f r o m  Hemlo by the Canadian Pacif ic  Railway. 

Genera l  Geologv 

All 'the consolidated rocks  exposed in the Manitouwadge Lake a r e a  a r e  
of Precambrial?  age. They have been divided into t h r ee  main groups: 

(1) A s y s t e m  of closely folded arid intensely metamorphosed 
volcanics and sediments ,  which, together with hor izons of 
amphibole - biotite gneiss  and banded i ron  format ion,  a r e  
believed to  be  of E a r l y  Archaean age; 

(2) An assemblage of igneous rocks ,  of post-Ear ly  Archaean 
and possibly of Algoman age; and 

( 3 )  Diabase dikes ,  which have been cor re la ted  tentatively with 
bas ic  in t rusives  of Keweenawan age exposed around Lake 
Nipigon and along the northwest sho re  of Lake  Super ior .  

E a r l y  Archaenn 

Volcanics: A prominent s e r i e s  made-up  la rge ly  of hornblende sch is t  
. > 



- 1 - . ' r;. 

:,: , .s!, , .~~etl suutll and ea s t  of Wowun Lake.  It f o r m s  a well-defined bel t ,  
:.,, t o  ; I I I C I  l,tJ.isil.)ly, exceeding two miles  in  width, which extends f r o m  
ti::,: i I , ~ n l ~ ~ ) -  sout11\vcst to Manitouwadge Lake ,  and thence westward 
a r  1 . ~ 5 s  111,: south\\.est co rne r  of the map a r e a .  Two var ie t ies  of horn-  
I , l l . r i ( I c  sc . l l~:~t  a r e  1)resent. One shows l i t t le evidence of banding; the 
. c 9 t i ~ t s ~ .  is cl laractcrist ically finely laminated and r e sembles  a thin bedded 
~ , ~ ~ l l l t ~ , - u t  in s t ruc ture .  

. Lxcellent exposures  of the non-laminated hornblende sch is t  a r e  found 
11: : i ~ c :  \\.est part  of the belt .  In places  where  'shearing has  not been too 
.,. . , , tc .~>se,  vestiges of original  pillow s t ruc tu re s  can be seen.  . The  pillows 
a r e  sonle\t.hat i r r egu la r  in shape and do not pe rmi t  sa t i s fac tory  top de-  
tc>rn>l~lat.ions. But their  .p resence  i s  significant,  f o r  they indicate that  the 
hornblende sch is t  i s  of volcanic origin.  In considerat ion of the mine r -  
alogical composition - the typical  sch is t  cons i s t s  of about 50 percent  
hornblende with l e s s e r  amounts of andesine and a l i t t le  quar tz ,  sphene,  
and magnetite - it  i s  probable that  the rock i s  the metamorphosed equiva- 
lent  of iklginal bas ic  lava.  

' . :TC 

Thin horizons of laminated hornblende sch is t  s epa ra t e  the lava flows. 
They a r e  par t icular ly  well-developed in the vicinity of Manitouwadge and 
Mose lakes.  The rock itself i s  s i m i l a r  miner&logically to the var ie ty  
just described,  except that ,  at  the eGpense of p l a g i o c l a s e , ' ~ ~ ~ a r t z  i s  an  
essential  ra ther  than an acces so ry  constituent. A fur ther  and m o r e  s t r i k -  
ing difference, of course , .  is the thin bedded s t ruc tu re  - bla'ck l a y e r s  of 

.. rnaterlal r ich in hornblende a l te rna te  with grey l a y e r s  r i ch  i n  plagioclase 
and quartz.  These l a y e r s  range f r o m  a s m a l l  f ract ion of an inch to s e v e r -  
a l  inches in thickness..  .The  laminated hornblende s ch i s t  i s  found in  p laces  
to contain lent icular  f ragments  of greenstone,  f r o m  l e s s  than an inch to  
s ix  inches and up  to about t h r ee  inches in t h i cknes s . .  The  two cha rac t e r -  
i s t ics  - strat if ication and f ragmenta l  s t ruc tu re  - indicate that  the or iginal  
rock \\?as a tuffaceous sediment  deposited subaqueously dur ing the per iod  
o t  volcanism. 

Sedimentary Gneisses :  As the nor th  marg in  of the volcanic s e r i e s ,  i s  . .----.- 
' approached, well-developed hor izons of sed imentary  gne i s se s  a r e  found 
to a l ternate  with bands of hornblende sch is t .  These  i n c r e a s e  in both 
rluxnber and thickness t o , t he  nor th  s o  that ,  within a sho r t  d is tance,  the 
s e r i e s  gives way to one in which. the principal  ferromagnesiAn mine ra l  
is hbtite. F o u r  principal  var ie t ies  of sed imentary  grleisses have been 
r e c o g ~ ~ i z e d ,  T h e y  a r e  biotite gne iss ,  quar ts -o l igoclase-biot i te  gne i s s ,  
q u a r t z i t e ,  and quar tz-microcl ine  gneiss .  

In view of the evidence presen ted  by petr610gists t o  the effect that 
clay minera l s  combine to f o r m  chLorite and se r i c i t e ,  and that t he se  in  



. . 2 turn combine to fo rm bjotitc durilag metanlorphiem,  , it  i s  thought that 
.the biotite gncisr;, t.he quartz-01igoclasc:-l)iot.ite gneiefi, thc quar tz i te ,  
and t11c quartz-microcl iue  gneiss a r e  thc a l tc red  equivalents of sha le ,  
argil laceous sandstone, quar tz  sandstone,  and a rkose ,  retipectively. 

. . 

Amphibole-Biotite Gneiss:  In many places throughout the s e r i e s  
the sedimentary gne isses  a r e  found to be in te r rup ted  by lent icular  m a s s e s  
of amphibole-biotite gneiss  of da rk  colour ,  coa r se  to very  c o a r s e  gcanu- 
l a r i ty ,  and s t r ik ing appearance.  This  rock i s  made up la rge ly  of 
anthophyllite, hornblende, and bioti te,  with sma l l  amounts of quar tz ,  
oligoclase,  .and magnetite. R.ed garnets  a r e  a l so  commonly presen t .  
They occur  a s  l a rge  porphyroblas ts ,  ranging f r o m  about one-half 
inch to two inches o r  m o r e  in d i ame te r ,  and in places  make up 25 per -  
cent of the rock m a s s .  The amphibole-biotite gneiss  i s  frequently 
found to grade ,  by disappearance of amphibole and,  when p re sen t ,  a l s o  . . 

of garnet; into typical biotite gneiss .  Because  'of this i t  i s  cdnsidered , . 

to be sedimentary origin - i t  may repre,sent the highly metamorphosed 
equivalent of a ca lcareous ,  chlori t ic gr i t  o r  ba s i c  tuffaceous sediment  
that was developed a t  the s a m e  t ime  a s  the enclosing rocks .  It is in- 

. . cluded with the se.dimentary gneiss  on the general ized geological map. 

I ron Format ion:  Commoniy intimately assoc ia ted  with the amphibole- 
biotite gneiss i s  a peculiar  banded rock.  This  banded rock consis ts  of 
l ayers  of coarse-grained quar tz ,  f r o m  a f ract ion of a n  inch to a foot o r  
more  in thickness,  al ternating with equally thin o r  thinner l a y e r s  of one 
o r  more  of amphibole sch is t ,  garne' t if&rous amphibole-biotite s ch i s t ,  
and a very coa r se  amphibolite. In the -field i t  ha s  been var iously  t e r m e d  
quartz-chlori te rock,  quartz-amphibole rock ,  qua r t  z-amphibole-pyroxene 
rock,  and i ron  formation.  Since the rock i s  dist inctly banded, s ince the 
sch is t  o r  amphibolite layer's contain disseminated c rys t a l s  and thin s e a m s  , 

of f ine granular  magneti te,  since individual hor izons can be  t r aced  by dip  
needle and magnetometer ,  and s ince these  hor izons a r e  v e r y  pe r s i s t en t  

. and follow the folded pat tern  of the sedimentary gneisseti,  i t  i s  thought 
. . that "iron formation" is the most  appropria te  t e rm:  

Pos t -Ear ly  Archaean (Algoman ? )  

Basic  ~ e t a i n t r u s i v e s :  Smal l  lent icular  bodies of metagabbro a r e  
found ill a number  o f  places u?ithin o r  c lose  to the bel t  of volcanic rocks ,  

. . 

, . 

2. Ha rke r ,  Alfred, "Metamorphism,  A study of the Transformat ions  of 
Rock h.lasses, " h~lethuen 8: Co. Ltd. , London, 1-1,. 45-61, 1950. 



These bodies have int rusive re la t ions  with the E a r l y  Ar  chaeah for  mations , 
but a r e  themselves cut by grani te  and pegmatite. -F!or the  mos t  p a r t  they 

consist.of a medium- to coarse-gra ined  rock made up of about equal amounts 
of dark'wgreen hornblende and plagioclase,  with smal l  amounts of bioti te,  
quartz,  a n d  magnetite. This rock  i s  general ly  quite mass ive  in the outcrop. 

Granitic Rocks: The most  abundant igneous rock found in  the Manitou- - 
wadge Lake a r e a  i s  biotite grani te  gneiss .  Together with mass ive  grani te ,  
'migmatite, and pegmatite,  i t  occurs  in  t h r ee  principal  locali t ies:  ( 1)  the 
extreme southeast  co rne r  of the a r e a ;  ( 2 )  the ex t r eme  nor thwest  c o r n e r ;  
and ( 3 )  the whole of the  nor theast  qua r t e r .  The grani t ic  rocks  to the  
noiithwest and southeast  a r e  believed to  r ep re sen t  a single l a r g e  m a s s ,  in 
which the Ear ly-Archaean rocks  f o r m  a deeply infolded inclusion; those ,  
In the northeast  qua r t e r  of the a r e a  a r e  believed to  r ep re sen t  a sa te l l i t e  
of the main m a s s ,  which has  been localized along the ma jo r  syncl inal  
.axis ( s e e  S t ruc tura l  Geology). 

.Associated with the grani te  gneiss ,  migmati te ,  and the medium- 
grained, .  mass ive ,  i n t r u s i v e  biotite g ran i te ,  and cutting the E a r l y , - ~ r c h a e a n  
formations, a r e  dikes and s i l l s  of pegmatite and aplite. The pegmatite 
is  of th ree  ages .  It occurs  as: (1)  dikes w-hich cut me.tagabbro inclusions 
in, and which a r e  themselves  t runcated by, the mass ive  biotite: grani te ;  
( 2 )  i r r egu la r  bodies which grade  into, and hence r e p r e s e n t ' a  phase o f ,  
the massive biotite .grani te ;  and ( 3 )  dikes ,  which cut the  mass ive  biotite 
granite. Some of the .pegmati tes  a r e  p r e - o r e  in  ag,e, and on the  proper t ies  
of Geco Mlnes,  Limited,  and Willroy Mines,  L imi ted ,  the)- we re  ins t ru-  
mental in . the  localization of the o r e  deposits .  

Algonkian 

The youngest rock exposed i s  d iabase.  The diabase f o r m s  a number  
of nar row,  but fair ly.  pers i s ten t  north-south. d ikes ,  so= of which a r e  
localized along t r a n s v e r s e  faults  ( s e e  F ig .  2 ) .  In that these  dikes  cut  
sharply a c r o s s  a l l  the other  consolidated rocks ,  inc lud i~ lg ' the  var ious  
gran:tic r o c k s ,  it i s  thought that  they a r e  of Algonkian o r  La t e  Prccalnb-rial1 
age.  It i s  possible that they could b e  cor re la ted  \vith s i m i l a r  icjclis, ul 
Kc\veena\van age ,  that c r o p  out td the west  of the a r e a  in the vicinity of 
Lake Nipigon. 



Structural  Geology 

Folding: The rock type descr ibed a s  i ron  format ion is the  only one 
that occurs  in sufficiently dist inct  and pers i s ten t  hor izons t o  be  useful in  
ot t t l in i~~g the s t ruc tura l  geology. Examination el the general ized geol- 
ogical map  of the a r e a  shows that ,  in the vicinity of Wowun lake on the 
c a s t ,  the i ron format ion and the gneisses  s t r i ke  southwest and dip ver t i -  
jcally;to steeply north.  Proceeding westward to  F o x  c r eek  and the Geco  
mine, however,  the format ions  a s sume  an  east -west  s t r ike ;  and s t i l l  
far ther  \vest, midway between Fox  and Nama c r e e k s ,  they s t r i k e  north- 
\-.rest and dip 5O0 N.  Final ly ,  at  the west  s ide  of the map a r e a ,  the 
formations a s sume  f i r s t  a norther ly  s t r i k e  and then double back on them- 
selves to : s t ~ i k e  nor theast  again. They delineate a l a r g e  t rough o r  syn- 
clinal fold, which dip measurements  indicate to be a s  syme t r i ca l  and 
overturned .to the north.  Other d ip  measu remen t s ,  a t  the nose of the  
fold, indicate a plunge to  the nor theast  of f r o m  15. t o  25  deg rees .  In 
the ea s t e rn  par t  of the a r e a ,  lineation and drag  folds indicate a s t eepe r  
plunge of about 40 deg rees .  

Faulting: After the major  folding, the Manitouwadgc Lake  a r e a  
suffered a s e r i e s  of disturbances '  that resul ted in the development of 
a l a rge  number of faults .  These  faults  a r e  of t h r ee  types: (1 )  Longi-  
tudinal o r  s t r i ke  .faults ,  yh ich  m o r e  o r  l e s s  paral le l  the format ions  
along the south l imb of the syncline;  ( 2 )  t r a n s v e r s e  faul ts ,  which 
s t r i ke  in a general  north-south direction; and ( 3 )  diagonal fau l t s ,  
which s t r ike  northwest,  obliquely to the other  faults .  All a r e  r e p r e -  
sented in the field by deep l inear  depress ions  in the topography. 

An example of. a major s t r i ke  fault i s  the Agam Lake fault ,  .which 
s t r i ke s  due wes t ,  f r o m  north  of'Manitouwadge lake to a lmost  the  wes t  
boundary of the map  a r e a ,  just nor th .of  and roughly paral le l  t o  .the bel t  
of volcanic rocks .  This  fault i s  p r e -o re  i ~ a g e ,  and i s  r ep re sen t ed  by 
a wide zone of graphit ic sch is t ,  in  places mineral ized with pyr i te  and 
pyrrhoti te.  The magnitude and direct ion of rnove'ment along this  b r e a k  
havc not been determin.ed, However, the fault appca r s  to  t runca te  a 
number  of p r e - o r e ,  right-hand t r a n s v e r s e  fau l t s ,  and at the s a m e  t ime ,  
appears Lu be terminotcd by the north=so~.i th,  pnst-ore,  left-hand F o x  
Creek  fault.  

At leas t  th ree  .periods i f  movement a r e  thLs indicated. A possible  
f o u r t l ~  lscriocl of ' d i s t u ~ b a n c c  may be r e spons i l~ l e  fo r  the fault  that extends 
diagonally ac ros s  t.he a r e a  f r o m  northwest to south'east. In r ega rd  to  
this fault,  t h e  offsets shah by the rock format ions  a r c  of in ie res t .  In 
the northurest se'ction of  the a r e a ,  the format ions  d i p  r a t h e r  flatly to  the  
southeast .  H e r e  the displacement was lefthand, .or cas t  s ide  to  the 'nor th .  



In the southeast section of the a r e a ,  the format ions  d ip  about 65O,to the  
northwest. Here  the displacement was right-hand ,, o r  e a s t  s ide  to the  
south. To the ea s t  of the Geco mine,  the format ions  d ip  vert ically.  
Here  the formatioris have been t r aced  a c r o s s  the fault to  Wowun lake with- 
out any apparent o f f  s e t .  Such anomal bus conditions can  b e  explained sa t i s -  
factorl ly by as.suming that  the displacement along the fault  was mainly 
ver t ical ,  and that the re la t ive  movement was up on the weBt s ide .  South 
of Mose lake,  a diabase dike was localized along this diagonal fault.  But 
the diabase has  be,en breccia ted.  F u r t h e r ,  north of the Geco mine,  the  
fault cuts and offsets two diabase dikes.  In view of these  fac t s  and the 
simple ver t ical  displacement indicated, i t  i s  thought that  the two o r e  m o r e  
movements represented occur red  in  La t e  P r e c a m b r i a n  time,. 

1 Mineral  Deposits 

All the important minera l  deposits  d iscovered to date  a r e  sulphide 
replacement bodi.es. The i r  locations a r e  shown in  F i g .  3 .  They s t r i k e  . 

1 and dip paral le l  to  the format ions  that contain them,  and have been found 
in or  closely assoc ia tedwi th  e i ther  i ron format ion o r  a var ie ty  of sedi- '  
mentary rock.  A determination of the ,lead isotope ra t ios  of a s ample  of . . 

1 galena, f r o m  one of the occu r r ences ,  by m a s s  spectromet .er  i s  repor ted  
by J. T,  Wilson oi  the Universi ty of Toronto to indicate an  age  of 2 ,  6003 

3 120  million y e a r s  . According to  Wilson, the indicated age i s  c lose  t o  

1:. that of leads  found in the Golden Manitou and Barvue  deposi ts  in  Quebec 
and the gold o r e s  of Timrnins in ~ n t a r i o .  The lead  f r o m  Manitouwadge 
lake,  and those f r o m  the other  deposi ts ,  a r e  a l l  much older  than the 

1 Sudbury 'nickel-copper o r e s ,  which a r e  believed to have bee11 formed in  
I Late P recambr i an  time.. In view of th is ,  i t  i s  reasonable  to  ao.sume Lllal . 

the o r e  minera l s  were  depos.ited during the period of grani t ic  in t rusion,  

1 and that they a r e  of La te  Archaean o r  Algoman age. 

De osi ts  in Tron Format ion:  Sulphide replacement  deposits  in i r on  P . - -. - -. -- - 
iormation ha\.€. beei~ ' found on tllc p roper t ies  of Lun-Echo Gold Mines,  
Limited,  about the nose of the blailitouwadge syncline,  ancl Willroy - h4ines, 
I.,lm:t.ed, on the s ~ \ r t l ~  l imb of the sync l i i~e .  

As mentioned previously,  the i ron format ion is a banded rock, in 
which l aye r s  ol quartz al ternate  with l aye r s  of an~ph ibo le  s c h i s t ,  garnct i -  
ferotts amphibole schis t ,  o r  coarsc-gr;rilletl aml~ l i i l~o l j l c ,  J n  lllc rej>lacc*- 

-- --a- 

3 .  Wllson, 2 .  T . ,  personal  co r r e sp&~dcnce .  

, . 





NORANDA MINES LIMITED '. 
(Geco D i  v i s i o n )  

POLLUTION CONTROLS 

The f o l l o w i n g  measures a r e  employed a t  Geco t o  m in im ize  t h e  p o l l u t i o n  

o f  t he  Manitouwadge a rea  wate r  systems. 

( a )  Ten l o c a t i o n s  r e l a t i n g  t o  t h e  t a i l i n g s  area,  Fox Creek %and t h e  

wate r  d ischarged f rom t h e  mine a r e  sampled and assayed on a  weel!ly b a s i s .  

Assays a r e  made f o r  copper, z i n c ,  i r o n ,  suspended s o l i d s ,  d i s s o l v e d  s o l i d s ,  

s u l  phate , ammonia and t h e  a c i d i t y  measured as 'pH. 

I n  a d d i t i o n ,  Fox Creek upstream and Kaginu Creek a t  t h e  O n t a r i o  Paper 

Company b r i d g e  a r e  'sampled on a month ly  bas i s .  

( b )  A system t o  r e c y c l e  t h e  decant  wa te r  f r om t h e  t a i l  i ngs  pond back 

t o  t h e  m i l l  was i n s t a l l e d  i n  1972 a t  a  c o s t  o f  $275,000. The w a t e r  d i s -  

charged from underground i s  pumped t o  t h e  t a i l i n g s  pond as w e l l  as t h e  

seepages through t h e  t a i l i n g s  embankments. Thus a lmos t  a l l  t h e  w a t e r  used 

i s  c o l l e c t e d  i n  t he  ta i l - inys  pond, i s  n e u t r a l i z e d  f ii t h e  poiid siid i s  r e -  

cyc led  back t o  t h e  m i l l .  Du r i ng  t h e  s p r i n g  r u n - o f f  and p e r i o d s  o f  heavy 

r a i n f a l l  I t  i s ,  however, necessary t o  decant  t h e  excess wa te r  t o  t h e  l a k e  

system. 

( c )  About $100,000 i s  spen t  a n n u a l l y  on power, l a b o r  and s u p p l i e s  f o r  

p o l l u t i o n  c o n t r o l  purposes. 'One ma jo r  i t e m  i s  1,300 tons  o f  l i m e  r e q u i r e d  

t o  n e u t r a l  i ze a c i d i  ty . 

( d )  An i n i t i a l  exper iment  on t h e  growth o f  v e g e t a t i v e  cover  on pass i ve  

su lph ide  t a i l i n g s  has been mqde a t  a  c o s t  o f  $10,000. 

( e )  A  f u r t h e r  proposal  has been made t o  i n s t a l l  a  waste wa te r  t r e a t -  

ment p l a n t  a t  a c o s t  o f  $300,000. T.his p l a n t  w i l l  n e u t r a l i z e  t h e  mine 

and seepage waters .  The c l a r i f i e d  e f f l u e n t  w i l l  f l o w  t o  t h e  l a k e  system 

ancl t he  heavy metal  c o n t e r ~ t s  w i  11 be p r e c i p i t a t e d  as hydrox ides  and pumped 

as a  s ludge i n t o  the t a i l i n g s  area. 

Th i s  p l a n t  has been des igned s'o t h a t  t a i l  i n g s  e f f l u e n t s ,  mine wate r  

seepages w i l l  be t r e a t e d  even a f t e r  m i n i n g  o p e r a t i o n s  have ceased due t o  

d e p l e t i o n  of  t he  o r e  bodies.  
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l'lc IJacLeod mine is 1k0 miles nor th  of Szult  Stc. ?'ark Ontario.  

A re?wt on t h e  geology of t h e  YacLeod .nine i s  attc?..cl~ed. As ;jointed 

ou t  i n  t h a t  r e p o r t  fa-Atin;: i s  r a t h e r  extensive with f ive  major types  

recognfze3. To quote  f ron  ?age 10, lt---a cx!p l ica t2d  fau l t  ? a t t e r n  has 

develo7ed. ?robz3ly during l a t e  s t a ~ e s  of f'>l<.ir,;. . ? zu l t ing  i . 5  ,gore i ~ t e n s , ?  

ir, t h e  11Tper l e v e l s  of . t h e  a ine  than a t  depth. Faul t ing  ray be cievkl oped i n  

one o r  qnre st_ratigrc?hic u n i t s  and vissing i n  2n n3joinFng unit . P- g r e a t  

ii Yarrincc i n  rcl; t i v e  c o ~ c t c n s : ;  of str3t i.;-~1?)lic wit F w i t h  C B C ~  rc%:.:tj.r;i; 

differ?nLly t,o st,rr:sl; i s  ~ ~ z z e ~ t , e d  as  t h e  l o g i c a l  c ~ : > l a r ? a t i o n . ~ ~  

po in t  not  .no'ted i n  t h e  r e p o r t  i s  t h e  presence of  occass ional  open t t v w l c  

i n  t h e  s i d e r i t e  ore .zone.  On t h e  2803 l e v e l  t h e r e  a r e  severa l  up t o  20 feet  

l o .  Soaa a r e  p r t l y  f i l l e d  n i t h  stagnant  mter. The mine s t a f f  has tried 

t3 t r lzc!  t h e  connection S e t ~ e c ?  so:ne of  then w i t h m t  S U C ~ ~ S S . '  Below t h c  

2232 l c v e l  t h e  f e w  vugs repor ted  a r e  2 o r  3 inches  i n  s i z e .  The implication 

i s  t + a t  tse W v u g . 9  f o m e d  a s  s o l u t i o n  ca-ri t i 'es  a t  some ? d o t  i n  t h e  mine 

hi:tc?ry and t h a t  t h e  zones along which t h e  so lu t ions  mover1 . have . long  since 

 bee!^ seal.cd by pressure  and/or deposit ion.  Also, that  movernonf o f  water  

did n ~ t  extend belcw about 3230 feet. 

.:,,. 
.. .Jt' - S U T ~ ~ C P ,  t'clr're has Seen a ;;ooi' iif?ll of r,pJ:lti:>n ;p.-! o:.2:'1;'.'.' . ,, !- on 

t o  f o m  g o e t h i t c  and soxe hcnl?it,lt,e ere f r o m  the s i d e r i t e  and pyrite, These 

ores 5~t to :ued  a t  about 700 feet but some large sand and water  bear ing zones 



2evelo;>ed . for F short d.i.strncc! P ~ r t h e r .  A r e o r t  i s  a t t s ~ h c d ,  on a run 

'!'he i n s p c t i o n  o:'.the lower rrorlcings consis ted o f  y~zll ; ins bl.ong t he  

1s:vcls anrl hn.ulagc rsl?=ps t o  dr!;?thS a bit below 3239 f ee t .  Thc si2crit;c' is 

rather Sl'oc:cy, - but :%es have f rec turas  m'lich are t i z h t  and ' dry. w.?tr?r 

wds seen o r  re?orted enter ing t h e  mine rior;:ings through t he  rral.1 o r  r ~ o f  
. . 

rocks. A t  ' t h i s  depth these  rocks are  not  peneable .  

h;o incl ined haulage tunnels  a r c  bein: driven fr-m surface t o  the 3!103 

l eve l ,  e dis tance of 16',900 fee t .  From surface t o  1603 f e e t  depth (vert ica?.)  

;vater scepzge .%-as r a the r  comon. This disappeared before a d e ~ t h  o f  2333 

f e e t  -.-rs reach~l end t h e  roclts o f  t h e  h a u l s ~ e  tunnel are' c o ~ ~ ~ l a t c l y  dry. 

This ?ya~fiage drive is ngt ye t  co~ .p le t sd .  . . :.. 

;n. sp i t e  of t he  foldzng f au l t i ng  an2 f rac tur ing ,  the rocks a r c  dry 

Sc:,~::l 3?3O f ee t  of depth. This may be a r e s u l t  o f  rdnera l  .deposition, i n  

p a d  (t hmgh none - ~ 3 s  seen on *any fmcturc's) but m9re likely i.s s r c  ?i!.t, of 
. . 

'I.ong-tern creer, ~f t be  . r ~ c l t s  a t  t h ~ r , e  iJcpt%s. 
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REGIONAL GEOLOGY 

I n t r o d u c t i o n  

The M i c h i p i c o t e n  a rea  i s  s i t u a t e d  150 m i l e s  n o r t h  o f  S a u l t  S te .  Mar ie .  
I t  extends approx imate ly  f rom Lake Supe r i o r  on t h e  sou th  t o  t h e  C.P.R. 
t r a c k s  o n ' t h e  n o r t h ,  a  d i s t ance  o f  30 m i l e s ,  and f r om Lochalsh on t h e  eas t  
t o  Pucaswa R i v e r  on t h e  west,  a  d i s t a n c e  o f  SO m i l e s .  The p o r t i o n  h e r e i n  
descr ibed  l i e s  i n  t h e  sou thern  p a r t  o f  t h e  area,  ex tend ing  f r om CIawa Lake 
nor theas tward  f o r  14 m i l e s  t o  Hawk J u n c t i o n  on t h e  Algoma Cen t ra l  Rai lway.  
The purpose o f  t h i s  s e c t i o n  o f  t h e  r e p o r t  i s  t o  b r i e f l y  desc r i be  t h e  
r e g i o n a l  geo log i ca l  s e t t i n g  i n  which m in ing  o p e r a t i o n s  o f  t h e  company a re  
1  ocated. 

Brown i r o n  o r e  was d iscovered  n o r t h  o f  Wawa Lake i n  1898. W i t h i n  t h e  
n e x t  two years  most segments o f  t h e  i r o n  f o r m a t i o n  ex tend ing  nor theas tward  
t o  t h e  Algoma Cen t ra l  Rai lway had been disc0vere.d and p rospec ted  i n  a  p re -  
l i m i n a r y  manner. The segments which have s i n c e  a t t r a c t e d  most a t t e n t i o n  
a r e  f rom wost t o  eas t ,  t he  Helen, MacLeod Mine, S i r  James Mine, Lucy, 
Ruth, Josephine and B r i t a n n i a .  A t  t h e  Helen, brown o r e  was f - i r s t  mined. 
I t  was r e a l i z e d  t h a t  t h e  brown o r e  represen ted  an o x i d i z e d  p o r t i o n  o f  a  
much l a r g e r  body o f  s i d e r i t e  which was e x p l o r e d  and t e s t e d  i n  d e t a i l .  
A c t i v e  m in ing  o f  t h e  s i d e r i t e  was i n i t i a t e d  i n  1939 and has con t i nued  t o  
t h e  p resen t .  Much su r f ace  work was per formed on t h e  Ruth and Lucy p r o -  
p e r t i e s  were examined i n  d e t a i  1  by Jones and ' l augh1 i n  S tee l  ' Co rpo ra t i on  
d u r i n g  t h e  years  1947 t o  1952. The Joseph ine -B r i t ann ia  range was d i scove red  
i n  1899. A  hema t i t e  d e p o s i t  a t  t h e  Josephine was d r i l l e d  i n  1900 and 1906 
and again i n  1913 t o  1914. I n  1941, M i c h i p i c o t e n  I r o n  Mines sank a  s h a f t  
on t h e  proper..Ly. .Ti i t -  i i i n e  %as p ~ ; t  i n t s  producti !?r! by  S h e r i t t .  Gordon Mines 
L i m i t e d  i n  1945 b u t  c l osed  one y e a r  l a t e r  because o f  cav ing .  The B r i t a n n i a  
s i d e r i t e  p r o p e r t y  was f i r s t  d r i l l e d  i n  191.2 by Algoina S t e e l  Co rpo ra t i on  
and again i n  1946 by A1 goma Ore P r o p e r t i e s  L t d .  A  s i z e a b l e  body o f  s i d e r i t e  
was d iscovered  .beneath d r i f t  cover  a t  t h e  S i r  James Mine i n  1948. Th i s  
was mined as an open p i t  u n i  t l  1967, when t h e  o r e  was dep le ted .  

Lucy Mine: F o l l o w i n g  t h e  d e p l e t i o n  o f  t h e  S i r  Janies Ore Body, develop-  
ment 'work was completed and p i t  p r o d u c t i o n  s ta r t ' ed  a t  t h e  Lucy Ore Body. 
Th i s  Ore Body i s  approx imate ly  two m i l e s  n o r t h  o f  t h e  S i r  James Mine. 

GENERAL GFfll n G Y  

The i r o n  f o rma t i on ,  which c o n t a i n s  a l l  known o r e  bod ies ,  l i e s  w i t h i n  a  
complex assemblage o f  Precambrian v o l c a n i c  and sedimentai-y r ocks  which a r e  
c o l l e c t i v e l y  termed t h e  M i c h i p i c o t e n  s e r i e s .  The l a r g e r  p a r t  o f  t h e  s e r i e s  
c o n s i s t s  - o f  v o l c a n i c  rocks  v a r y i n g  i n  compos i t ion  f r om b a s a l t  t o  r h y o l i t e  
and i n  s t r u c t u r e  f r om f l o w  t o  f ragmenta l .  Two p r i n c i p a l  ho r i zons  o f  sed- 
imentary  rocks  - i r o n  f o r m a t i o n  and asso r ted  . c l  a s t i  cs .- occupy s t r a t i  g raph i c  
p o s i t i o n s  w i t h i n  t h i s  v o l c a n i c  p i l e .  Both sedimentary  h o r i z o n s  a r e  s t r u c t -  
u r a l l y  concordant f o r  t h e  most p a r t  w i t h  e n c l o s i n g  v o l c a n i c s .  I r o n  f o r -  
mat ion appears t o  have fol-med d u r i n g  a p e r i o d  o f  r e l a t i v e  v o l c a n i c  qu iescence 
i n  which chemical a c t i v i t y  p reva . i l ed ,  and t h e  c l a s t i c s  d u r i n g  a  p e r i o d  of  
moderate s t r u c t u r a l  u p l i f t  w i t h  a t t e n d a n t  e r o s i o n  and sed imen ta t i on .  The 
M i c h i p i c o t e n  se. r ies ,  thus ,  r ep resen ts  i n  essence a  s i n g l e  s t r u c t u r a l  and 
s t r a t i g r a p h i c  u n i t ,  t h e  sedimentary  h o r i z o n s  r e f l e c t i n g  r e 1  a t i v e l y  b r i e f  
sedimentary i n t e r l  udes i n a  doir~i n a n t l y  v o l  can i  c  process.  



In t f i s iv i .  j.nto t . t i t?  volcar~i!:.-sr:dL~;cn:.ary rocks a r c  s t ~ c k s  iinci Larger . . 
masses of g r a r i t e  an::', ~;raril.:,c. ~ -_ :nc i s s ,  5;. 1.1 and dykc-Likt. m:i:,stss of G i o r i t ~ .  
and numerous diaba:;~ dykes. 

The st?a+,iglVaphic sequence. of t h c  TG.chipicoten s e r i e s  i n  the  Helen - 
Britannia ,a rea  i s  as f o l l n ~ ~  i n  desccndil?g order 

# 
Dore Sediments 
Basic Volcanics 
I r o n  Fornaticn 
Acid Volcanic s 
Basic Volcanics 

The d i s t r i b u t i o n  of rock types i s  i l l u s t x a t e d  i n  Diagram 1. A ? r i n c i p a l  
s t r a t i g r a p h i c  f e a t u r e  i s  t h a t  the,Yron formation i s  located a t  o r  near t h e  
contact  between acid  volcanics below and basic volcanics above. 

Basic volcanics occur i n  two p a r a l l e l  zones, one ly ing  south of the  ac id  
volcanics and the  o ther  north of the  i r o n  formation. The common v a r i e t y  i s  a 
greyish green, f i n e  grained, schis tose  rock approaching andes i t e  i n  composition. 
P i l b w  s t ruc tu res ,  aclygdules and flow tops  a r e  common, p a r t i c u l a r l y  i n  t h e  
nor th  zone. 

Acid volcailics krimediately under l ie  i r o n  formation throughout the  length  
of t h e  range and, i n  t h e  v i c i n i t y  of t h e  Bri tannia prcperty, o v e r l i e  it .  R e  
band var ies  considerably i n  width, ranging from 2000 f e e t  at t h e  Bri tannia t o  
more than 6000 f e e t  a t  the  ElacLeod. It i s  composed mainly of grey t o  yellow 
schis tose  f e l s i t e  flows and pyroclas t ics .  Pyroclas t ic  phases range from f i n e  
grained t u f f  t o  unusually coarse agglomerate. Fragments i n  t h e  l a t t e r  range 
up t o  18 inches i n  diameter and a r e  composed of massive and porphyr i t ic  f e l -  
s i t e  together with minor bas ic  lava.  Acid volcanics i-.ave been extensively 
carbonatized south of the i r o n  formation. Thc degrce of carbonatizat ion 
increases  northward and i s  a maximm a t  the  contact  w i t h  i r a n  formation. 

1ron Formation 

I ron  f o m a t i o n  noqnally cons i s t s  .of the' following terniiry succession i n  
descending order: ., 

Banded cher t  member 
P y r i t e  mabur  
S i d e r i t e  member. 

The banded cher t  member i s  a th ick  and p e r s i s t e n t  u n i t .  Tt~c two i ron-  
bearing mrnt.l?rs, 011 the ot!l(:x* hand, al-t. i n  !.!:*.! f o n  of !.cnticular, irr:.lEll;ir 
massc-.s basal  t , ~  i:\?lldl:d c ~ I c : x * ~ .  'l''!-.v 'r~llx:.:i.;-. ; \os i t ions  or  !;he mc:mhcrs arc: c,::;- 
sistent a ~ d  arc us6:d , t o  ind ica te  o r i g i n a l  ~ t r a t i g l - a p h f ;  t'ops. 

. . 



'.,! 
. . .:.. . . t 

~ ) ~ c : ' h  charsct,c.!r.i s t ,  pi;;, :;r: rf !,?:L !;endt:J c h w t  c!t:xber corlsizt.s of t l i in  
Lands of n.:a:-ly 'pgr-.: :iAr::..!. al:.l,t-.l..rtifii; w i L h  a.:qaalL;* t!.ir. i~:ir~cis of c i ~ c r t  
.interrrLixcd ?:;!. :?.or ::c?I" : ~ f .  sidc.l-i: , pyrit.12 ?~tid ::;a~!11.:5it0. 'lI1r-a membg 1. 

th ickens  ar;d 1,kins ::or! :i:! ;:l.at.i.;, :I ?.;tic ; I.:*iko; i t  rang{:s from o I'ew f c c t  t o  
1000 f c c t  a::.d av1:raCr:s a;,r~r-oiiinsb 1;r' 350 f'uc:t. . 201~::; of' ca rbonac~ :o~s  mat*:-- 
r i a l  ranging up t o  25 f [:.. t ere present. .  

'l?it~ 1owi::rnos: o r  s i d n ~ i t . ;  il\~nir.jc>r a t  t.ail:r; s r;:Lici~.!xl t h i ckness  cf 300 fc: . .  
a+, t h e  MacLcod property.  l;irjewi;c:re i t ,  rarii:.:4As .up t o  200 f e c t  t h i c k .  It is 
d i s t i n c t l y  v a r i a b l e  i n  d i s ? , r i b ~ ? , i a r ,  arid t2;ick:;c:ss. 2 1 1 . :  sid4:rito ranges f rcrr. 
l i g h t  grey  t o  ?a le  buff i;! c:ol.>r';.- I? i s  of' rr.;rs:;:.:;: ur.iform a',ructure l'or Ch. 
most p a r t  a l though l o c n l : ~  f i n e l y  l:minritcd. It, con ta ins  v a r i a b l e  s i l i c e o u s  
i m p u r i t i e s  which a r e  presr,r.t; c i t h e r  as  disscrr;inatcd g r a i n s  and pa tches  of 
c h e r t  o r  a s  t h i ck ,  p c r s i s t r ~ n t  c h e r t  zones. ?he s i d e r i t e  con ta ins  v a r i a b l e  
c h l o r i t i c  and micaceuds i m p u r i t i e s .  Adjacent t o  d i abasc  dykes i n  p a r t i c u l a r ,  
s i d e r i t e  has  been p a r t l y  converted t o  magnet i te .  

/ 
Sedimentary rocks of t h e  ,Dore s e r i e s  extend a s  a p a r a l l e l  band n o r t h  of 

t h e  i r o n  formation and separated from i t  by a t h i c k n e s s  of vo lcan ic s .  ' he  
 ore/ band v a r i e s  g r e a t l y  i n  t h i ckness ,  . ranging  from a p p r o & n a t e l y  3000 f e e t  
a t  t h e  west end t o  less  than  300 f e e t  a t  t h e  e a s t  end. .It c o n s i s t s  of con- 
glomerate,  greywacke, sha l e ,  a rkose  and q u a r t z i t e ,  t > e  f irst  t h r e e  predominat i rg.  
Coarser  phases a r e  more coElmon t o  t h e  southwest.  Pebbles 'and  boulders  of 
g r a n i t e ,  i r o n  f o m a t i o n  and bas i c  and ac id  vo lcan ic s  ccrmpose most of t h e  con- 
glomerate.  

I n t r u s i v e  Ser.ics 

I n t r u s i v e  i n t o  t h e  volcanic  s edb-cn ta ry  r ~ c k s  i s  a s e r i e s  of g r a n i t e s ,  
grariodiori . tes,  d i o r i t e s  and r e l a t e d  rocks ,  and d 1' ' I...:. "dse .dykt.:s. A main mass 
of g r a n i t e  and g r a n i t e  gne i s s  i s  s i t u a t t d  southeas t  of t h e  He1er:-Britannia 
a r e a .  Smaller masses of' g r a n i t e ,  f e l d s p a r  porphyry and s p l i t e  occur.  D i o r i t c  
i n t r u s i v e s  ranging from t h i n  dykes t o  l a r g e  s i l l - l i k e  masses s e v e r a l  hundred 
f e e t  t h i c k  a r e  prescnt  i n  t h e  vo lcan ic s ,  p a r t i c u l a r l y  sotlth of t h c  i r o n  f o m -  
t i o n .  A l l  o l d e r  roclts a r e  i n t e r s e c t e d  by two s e t s  of d i abase  dykes. Onder, 
quartz-bearing d i abases  occupy northwest- t rending f r a c t u r e s  and younger 
r e l a t i v e l y  unal.i;esr?d rli abases occupy nor theas t - t rendina  f r a c t u r e s .  

S t r u c t u r e  

The main s t r u c t u r a l  f c a t u r c s  of t h s  Helcn-Britannia a r e a  a r c  r e l a t i v e l y  
simple. 'Ihe vo lcan ic - sedbcn ta ry  sequcncc forms t h e  south  l imb of an e a s t -  
west  t rending  s y n c l i ~ l e  which has been s l i g h t l y  overturned t o  t h e  no r th .  Thus, 
t h e  rocks  d i p  s t e e p l y  southward i n  aonocl inal .  success ion  and have t h e i r  t o g s  
t o  t h e  nor th .  Tlie synclinc: plunges castward a t  /+0 t o  60 degrees  i n  thc vici1lj.t.y 
of t h e  ,&cLeod 1iinc ; 

Thus, rock u n i t s  a t  t h e  minc r a s e  castward a t  dcpth .  

The i r o n  for ; :~nf~ion h-is bccn sepln!;f t !I  Ly s ~ r a u u  of northw#:stc*r!y 
t rending ,  ].eft.-hand cross f ' , ~ ' ~ L t u  i .c: rt. ..::,'.i..:r. r:.c)v, ::c~.! !:;isL :: i t i t? noia!.i;. 
Hor izonta l  r n ~ v c r n ~ - ~ ~ f ,  ranges 11:) t o  two mi2t:s as i n  tt.t. case 01' ttlc f a u l t  scp- 
a r a t i n g  S i r  J m e s  Mint. and Lucy scgncnts .  Low o r . ~ l c ,  cast-west striking 
t h r u s t  f a u l t s  arc prc.sc:nt i n  t he  !-ieic:n range mc! are  prok-ibly present; t.:lse- 
where. Other smal.lcr f a u l t  groups arc al.so ,prc:sc!r,t. ?hc c -n t i r c  assemSlago 



of vo lcan ic - sedhcnhry  rocks has been rrndercd more or  less sch i s tosc  by, 
strong 3 h e a r i n ~ ;  the  prevailing s c h i s t o s i t y  s t r i k e s  nor th  65 degree9 c a s t  
and d i p s  steeply southward. 

Lmer Volcanic s 

A mixed assemblage of ac id  tu l ' i ' s ,  agglomerates and r h y o l i t e s  foxin t h e  
base of the  i ron  deposi t  a t  a  s l ig t l t  angular unconformity. 

@ 

Individual  beds and flows show l i t t l e  continunitjr and a r e  o f t en  sharply  
truncated. They a r e  thus not useful  a s  horizon q r k e r s .  One l a r g e  bed of 
agglomerate a t  the  west end of the  l i n e  i s  the  main e x c e ~ t i o n  being 4000 f e e t  
long and 700 f e e t  wide. It a l s c  i s  sharply truncated.  

The t u f f s  range from f i n e  t o  coarse grained and grade i n t o  agglomerates. 
They a r e  cmposed of quartz and fe ldspar  g ra ins  with sca les  of s e r i c i t e .  

The agg1ornera;tcs usually contain r h y o l i t e  fragments up t o  six f e e t  in 
diameter i n  a  pale coloured ac id ic  ground mass. One bed with a l eng th  of 
,2303 f e e t  and a  thickness o f  300 f e e t  contains rhyol i te ,  fragments in a ground 
mass of c h l o r i t e  s c h i s t ,  

Bodies of porphy-ritic rhyoLite occur with quartz phenocrysts forming a 
l a rge  proportion of t h e  : -~ck .  'i'hcy conform t o  the  surrounding volcanics but. 
may be in t rus ive  i n t o  them. They do riot in t rude  t h e  s i d e r i t e  or  i r o n  f  o m -  
t ion .  I f  t h y  a r e . i n t r u s i v e ,  they a r c  probably gene t i ca l ly  r e l a t e d  t o  t h e  
lower volcanics and therefore  confined t o  them. 

The above rocks have been sheared with l a r g e  volumes being a l t e r e d  t o  
serici te-carbonate s c h i s t s  of ten  containing l a r g e .  amounts of o t t r e l i t e .  
O t t r e l i t e  i s . n o t  l imi ted  t o  t h e  s c h i s t s  and i s  known t o  occur i n  s i d e r i t e ,  
metadiori te  ahd quar tz-car~onate  veins .  

h e r  Bmdcd 11.011 Formation 

Between the  lower volcanics and the  s i d e r i t e  a band of banded s i l i ca  
type i r o n  ionrati;.tl usuLiL1.y occurs froi:i a  fcw inches t o  1 5  f e e t  J.n width. 
This band i s  indi3ti~!&uisl-;..:31~! from t h c  upper banded i r o n  formation. Where 
' the i r o n  fo rn i t ion  i s  abscilt t h e  underlying t u f f s  a r e  commonly a i d e r i t i z e d  
t o  some depth. 

The s i d e r i t e . i s  dense and f c l s i t i c  i n  appearance. It is  usua l ly  massive 
alt!-.ough 93~7:' r;idk!riti; i s  d i s t . h c t l y  bnl.iil. 2 .  i'olours range through buff, 

. . brown, grcy and b lack .  T h c  Tracturc i.s i;;.ock;:. 



The s ide r i . t c  r ~ s w n l r l c  s ~.'i:i::-.;ri~.:r: ::. &;:id rocks ' i n  f r ~ s h  spscimerls and 
i t  is difficu?!, fol. !:! .... i n ~ ~ x r > ~  .-i:.nca!c! 5.:: cJl~:!.i~lcmjish L.. !..wc:t:n t t l c z .  Zideritc.: 
oxidizes t o  a  chocol; t c, Lrbw:~ co: our w! .:r*.as .t;.t~c =lo.l.car.ics r g m i r ,  r c l a t i v c  l;: 
unoxidized. A spt. c i  t ' i c  gr;tci.t.;; of 3. '/ I r: ar,bther : i is t ,Lnguishiq f t:nLurc. 

Pyr i t e  i s  prt:st.r.t, I n  ' . . : l c :  s i d ~ h r i t ~ .  l'rorn lows of 'lczs t1,m one per c m t  i1i.1 
highs of 60 per* ccnt  by . ~ o l . u r . ~ ~ ~ .  11:. i:; f w n d  i n  s.311 grn ins , and  c l u o t c r s  of 
gra ins  t h r ~ ~ g l ~ o u t ;  the  sidt:ritc?. l h c  pj.r'i.t,r! 1s ccncentratcd near  t h e  top  of 
the  ore-body. ancl con;?lorJy occurs i n  a ll.C..c~rl~y-comtw-l.ike s t r u c t u r e  enclosing 
small masses of s i d e r i t e .  II; h a s  a bar.df:Z structc:-c with inc rease  and dccreasr: . 

i n  p y r i t e  content .  

Ore widths in tiif: MacLeod ! f i r . t s  reac.!\ a maximu of 300 f e e t .  In  the l a s t  
sec t ion  of the.mine a  40 t o  60 f c o t  band of c e n t r a l  granular  s i l i c a  d i v i d e s  
the  ore  body. 

A t y p i c a l  s i d e r i t e  assay i s  a s  follows: 

, . Per cent  
Fe ........................... 35.52 
S i Q  ......................... 7.14 
S ......... ;.................. .2.93 
Mn ........................... 1.98 
CaO .......................... 2.38 
MgO. ............................ 5.82 .......................... ~ 1 ~ 0 3  1.41 

Magnetite has formed f ?on1 t h e  nlterat.icr. of s i d e r i t e  i n  the  v i c i n i t y  of 
intrusive 's ,  p a r t i c u l a r l y  uiahase dykes. A width of 5 t o  25, fee t  i s  coxmuonly 
a l t e r e d  alongside these dykes. 

A body of oxide crl::, 11.ainljr gcaihi'li: \ d , t h  soEe h e r ~ t i t e  was formcd a s  a 
r e s u l t  of oxidat icn  of s i d e r i t e  and p y r i t e ' b y  surface  waters,  beneath t h e  
waters of Boyer Lake. The oxide ore  extended to a depth of 700 f e e t .  This 
oxide ore  body was , the  bas i s  of the o r i g i n a l  Helen Mine. The o re  was reported 
a s  porous and cavernous, containing l a rge  pockets of s i l i c a  sand and p y r i t e  
sand. 

Within the  a i d e r i t e  s band of a rg i l l aceous  rock, w i t h  a th ickness  up t o  
5 f e e t ,  occurs usua .11~  at a d i s t ance  of 40 f e e t  above t h e  l w c r  banded i r o n  
fomat.ion. One Sand ?-,as Seen traced f o r  m>0 ' feet  i n  t h i s  pos i t ion .  A 
s i m i l a r  band occurs h m e d i a t e l y  above the  lower banded i ron  formation. 

The rock i s  grey col-oured a?d f i n e l y  bedded wi%h bands of p y r i t e  and 
pyr rho t i t c .  It usual ly  grades i n t o  s i l i c e o u s  s i d e r i t e .  

Ccntrai  Granular S i l i c a  

A bed of g r a n ~ i l a r  r.iiic:.? occurs cc:.ntr,ally w i t h i n  t h e  sidcritc. It i a  3 
r t . let ivcly cocirs!! <rol.lulur s i i . ica w i t h  ir xi:y.S...i>~~Aed st rucLqkf .? .  Colour i s  
a s u e l l . ~  nhit t!  o r  buf f  f ron  t h e  addi.t,d.arl of' s i d e r i t e .  h n d s  and patches of . . 
s i d e r i t e  occur most comedy on the lower' s ide .  

. . 



'4 'his bed is Liiin +,o rti.;?::.!. i r ,  I,!ie wi:::f. c:nd of ttLc: mint. L u t  g r adua l ly  
th ickens  t,o thn' t;;~si. ,,i! - 1.. it  ?t;:.c.!.~:n n !:L;~x~Tu~; :,I;icj.:~:s~; of bO f t .  

. . Occasiollh'L:.; s;;.clll ; . a~ ,ds  s!' L.L 1 i c;i ;::st: !'i>~r;d abuv c ti;is ccntral band 
mainly i n  1.h: w.:r;t. '1 nd ~ i '  ! :.I ~~ i . : . i :  . 

. . 

This' band i 5 :;hi!. 1.a:. t o  Lhc: cc$r,l.ral :.;.l iclt L:l!;d and llos inmediately . . 
abovl. tk,c, r;ieit.:r-.:.c-~j..i..l:.~:. 'i?:;:, ~ ~ l . i ( : : ,  i:; ~ . : o r ~ ~ ~ n l ;  i:.:t,c::~':,:~y~d~d k-i t !~ s i d e r i t t 2  
and ~ y r i t ~ . .  Scrnt! ~ ( : ~ . L i . . i t ' l . ~ ;  LI..: t)~'..r~::liit,r.d ; I I - ~ L L C ~ ~ L ~  a s i l i ~ a - ~ i d c , ~ i t e - ~ ~ i t ~  
bracc ia  . 

This  band g1-ade,s inperce3t . ibly tipwaras i n t o  t h e  upper banded i r o n  forma- 
t i o n  a s  t h e  bcds br:comc thinner and darki:r ccloured.  Maximum widths  of 100 
f e e t  a r e  obtaini-d in t h e  cpper  rin!: 1'evel.s in t h e  v i c i n i t y  of. t h e  5000 E. co- 
o rd ina t e  t h inn ing  r a p l d l y  t o  2he .:.ast and west .  

Upper Bandcd I r o n  Fom.at,ion 

Abcve t h e  upper g ranu la r  s i l F c a  x ~ d '  s i d e r i t e - p y r i t e  i s  a band of banded 
s i l i c a  type  i r o n  f o k t i o i l .  band rangcs from 609 f e e t . t h i c k  a t  t h e  weat 
end of t h e  mining a r e a  t o  300 f e e t  a t  t he  e a s t  end. West of t h e  mining a r e a  
a th i ckness  of 1/+30 f e e t  i s  ob'.aincd bu t  t h i s  i n c r e a s e  i s . a t t r i b u t e d  t o  fo ld-  
ing .  

The .t.t>ds a r c  coluposed cf g ranu la r  s i l i c a  laminae 1/16 inch  t o  s e v e r a l  
i zches  ' i n  th ickness  va:.jirg i'r02~ w ? l i t e  t o  5 lack  i n  co lour  and producing a 
pronounced bz!:.!lcd st.l.;izt.uxbt~. . Indi:;id-&l lariLnae tend t o  l e n s  ou t  w i t h i n  a 
few f e e t  and t : : e  who1.c r ep re sen t s  a s e r i e s  of o-ierlapping l enses .  

S i d e r i t e  :and's cl't.:.:;; alternate h 5 t h  s i l i c a  ard fill fractures in t h e  - 
silica. l n e  i r o n  fomtat ion i s  more s i d e r i t i c  al; t h e  base whel-e t y y i c a l  a s says  
razge from 24 per  cen t  i r o n  and 42 per  cent  s i l i c a  t o  11 per  cen t  i r o n  and 
74 ?er  'cent  s i l i c a  , a t  t h e  top .  I: .. 

Beds of g r a p h i t i c  s l a t e  a r e  found wi th in  t h e  banded i r o n  format ion  and 
;r.e cornonly m r k s  t h e  contac t  between t h e  upper g ranu la r  s i l i c a  and t h e  
+per canded i r o n  Somt. io i i .  

A f e w  bands of s i l i c a  m.d coarse  n a g n e t i t e  arc, known bilt magnet i te  is. 
a r;ir:crr c o n s t i t ~ e n t  of t h e  k .dn  f o r m t i o n .  

.-/fie U s  have beer, int!!nscly b recc i a t ed .  ?hey v a r y  from one foot t o  
S c f ; ~  r,f f e o t  i n  w id th .  Frapmnts up t o  a f o o t  lorig, lying in c h a 0 t . i ~  orrang(:- 
zc: '. and cemented by grznulrlr  s i l i c a  i s  t h e  c m o n  ' t y p e .  & i s  of unbrecc ia t ( ,d  
i r  ::, ? - ,ma t ion  tkove a i d  below Arc? corrfornabli. suggesting t h e  L recc i a t ion  i s  
-.on:c;;,:ir>raneous Ki th  deformation and i s  poss ib ly  due t o  slunping of beys. 

' A I.lrk:l! a r c a  of b r e c c i a t ~ d  . i r o n  f o r i t i o n  litis t.o ti:e west of t h e  minc. 
1;L;j !,:.l:f:r:;c~ i s  iargt:ly cl:lili!ntcd l i t 1 1  sidi.~.iCY:. b ~ t  b~  a brecc i a  r e s u l t -  
; ?;< ? :  :,::, ~!;~:.:~:.i;: :..~~:&)!ijrpili:-~, ,' 



A thicknt::;~ of L5C!O f.:,;.t l:nxj.c In:!;!., k.:l.sal+, 2nd :=:.di;sit,., o v c r i i c s  . 

. . the  banded i r o n  f orma'tion. lmydaloidal :Lavs - L s  cow~,,on 2nd pillow lavas  a r c  
nu.erous with t11r;ir. tops f;cing north.  Uasic lavas givt. wrzy tc, mar-e ac id  
phases with intzrbedded ~ ~ y r o c l a s t i s s  a t , ~ v c  t h i i u .  

Gabjro, Metadiori1,c and I'ielated 
Acidic I n t r ~ s i v ( ; s  

Large s i l l - l ike 'masses  of coarse gabbro l i e  t o  t h e  south of t h e  mine 
area. From thesc  s i l l s  n u c r o u s  i r r e g u l a r  off shoots occur which in t rude  
t h e  volcanics the  a i d e r i t e  and i r o n  formation. Locally these  i n t r u s i v e s  
a r e  ca l l ed  metadioritt;. 

The rcck i s  l a r g e l y  composed of c l u s t e r s  of dark green c h l o r i t e  i n  a 
paler  coloured c h l o r i t i c  and carbonatized matrix giving a mottled t ex tu re .  
I r r e g u l a r  quartz-carbonate s t r i n g e r s  a r e  common. These i n t r u s i v e s  grade 
i n t o  more ac id  phases with a g rea t  v a r i e t y  of compositions and tex tu res .  
Dif ferent ia t ion  of n~et~adicir i te  i s  t h e  probable o r ig in  of these  i n t r u s i v e s  
which in t rude  along f a u l t  zones. 

Where the  s i d e r i t e  has been intruded by metadior i te  a magnetite aureole  
,n the  s i d e r i t e  so~nctimes occurs. 

Five s teep ly  (lipping diabase dykes in t rude  the  mind area .  Tdo of thesc  
dykes cut  through the  center  of t h e  mining area  on a no~.:!-.westel*ljr s t r i k e .  

1 

They are c a l l e d . t h e . e a s t  and t h e  west dykes. The west dyke i s  normal diabase 
n t h  occasional l a r g e  phenocrysts of o l i v i n e .  The east dyke is  a. highly 

, 
,-.: a l t e red  sr.ussuitized diabase. A strong f a u l t  zone along this dyke d i sp laces  

the ore ?I.ct.wec?n west and e a s t  sec t ions  of t h e  mine. 
4 

rke r:,qc end of t h e  mining a r e a  i s  terminated by 'a dyke and similar 
f a u l t  movements. The dyke, r e fe r red  t o  a s  t h e  Wallbank Lake dyke, i s  oUvine  
diabase. . 

A f r e s h  quartz diabase dyke w i t h  a north-east s t r i k e c u t s  through t h e  
cei:tre of Boyel* Lakc and i s  cal led  t h e  UoyC~r. M e  dyke. l h i s  dyke i s  t h e  

. pungi-st  diabase in the  area .  

i;. normal diabase dyk:: a t  :.he w e s t  c~id  of tile n i l l e  c u t s  thr0ugh w b 0 t  .: 
Lake with a norttlwesterly s t r i k e  and i s  known a s  thc  ' k lbo t  Iake  dyke. 

9 

?I h p r o p h y r e  dykes p a r a l l e l  the  ~ \ a s t  and. west diabasc'  dyke3 . The most 
noiable of thesc iG one 2 t o  10 f e e t  wide which c lose ly  p r a l l c l a  the wesf 
diabasc. dyk-. Thi3 dykr? ~~11.!.3' into two a-.d recorl.ycrir,cu along i t s  s t r i k c .  
N+at.rouu mi:. h " ~ j ) r i , p l ~ ~ u  dykc!cl p a - a i l c l  ti-,,: ccs t  dyke? closely on i t s  e a s t  

* 3 j . d ~ .  
!4 

. .. . '3 . . .  

i 
. . !i 



S o ~ e  dyk8.s i : t 4 . r sG- . .  f~c. 'Lf .  ::~:i,::-: ..;;! i.1. : . i . ~  w:ri 1 l;, o t i ~ c r s  !:;rl.!,i:k.li~ roll ow 
both f a u l t  zone: z:!d t.:lisiori f 1-a:: ttirl::.; wit.!, no apparent displacement of thc 
ore horizon across i!..e uyk.:. 

The foregoing s t r a t i g r a p h i c  secluence has been overturned by fo ld ing  and 
now represents  a monoclinal ' s t ruc ture  dipping south a t  80 degrees t o  v e r t i c a l  
with 'displacenents  down the  d i p  producing average d i p s  of 60 t o  70 degrees. 
The s t r i k e  i s  a few degrees north of' e a s t .  h e  t o  t h i s  overturning t h e  geo- 
l og ica l  footwall  becomes the rLning hanging wall  and i s  r e f e r r e d  t o  as such. 

Metadiorite i n t r - ~ s i o n s  pr.otablg ozcurrcd during t h e  l a t e  s t ages  of fold- 
ing a s  i n t r u s i v e s  of t h i s  t y p :  are found in f a u l t s  r e l a t e d  t o  fo ld ing.  Dia- 
base dykes of the  Keweenawan type a r e  t h e  youngest rocke 6nd were emplaced 
a f t e r  folding.  

A major fold  occurs i n  t h e  banded iror: formation west of t h e  mining a r e a  
a t  surface and p l ~ n g e s  eastei-iy a t  50 t o  60 degrees. The o r e  zone terminates  
on surface i n  t h i s  a r e a  but  i s  much confused by in tense  b recc ia t ion  and f a u l t -  
ing. 

Undergrou~d mining and di&ond dril . l i .ng ha.,-e proven t h a t  t h e  o re  rakes 
cast  i n  a similar. a t t i t s d e .  . Thi.s i s  a l s o  i cd ica tcd  bjr an e a s t e r l y  rake t o  
t he  pyr i t e  zorie and t;hc c e n t r a l  g r a r ~ o l a r  s i l i c a .  

Minor f o l d s  of a s h i l a r  na tu re  occur i n  t h e  banded i r o n  formation par- 
t i c u l a r l y  in the  eas t  and west diabase dyke area .  The ore  zone i s  not, folded 
s imi lar ly  but  i s  displaced by major f a u l t s  .' 

Folded t h r u s t s  with d i p s  15  t o  30 degrces south have d isplaced t h e  ore  .. 

zones above r e l a t i v e l y  nort~hward and up.  ?his f ea tu re ,  while p a r t l y  due t o  
faul t ing ,  i s  l a rge ly  due t;o fo ld ing as t.l~c wall  rocks have been folded t o  
these f l a t  attitudes. 'he  a c t u a l  c o n t x t  between the  uppur banded i r o n  forma- 
t i on  and s i d e r i t e  i n  these  zones i s  always a f l a t  t h r u s t  f a u l t .  

'Ihis f oidirlg c;as more pronducced i n  the'  Victoria  ore-body and has r e s u l t -  
':d i n  much g rea te r  displacerncnt of ore blocks than i n  t h e  ilclen. 111 t h e  Helen 
ore-bdy t h e  t h r u s t  i s  marked in places bx a f a u l t  on ly ,  

lbo major thrust zonrs a r c  now ~ ~ C \ ~ J T I  t o  e x i s t .  'he number one thrust 
:.:one l i e s  bctwccn tile s?corld l e v e l  Helcri Mine and f i r s t  l e v e l  .in t h e  M8cLcod 
ore-body and is dis!~laced r c l a t i v r l y  ujnrards t o  t h e  e a s t  by faulting at  t h e  
*%st and west dinbase  dyke arcs. ?%I: t l ~ r u s t  i les j u s t  above t.hr f i r s t  lovc l .  
i:; t.lie old i ' ic tu l - ia  dm- i rdy  a l~d ycacI1r.s s u r - f l i r  +.tui.en t!!? 66UO au) 7000 

co-ordimtc:. 



and has dil;;;la::cd t:.c L: ..:-So.?;! :;:!A: ;.ir. L,; :.u ';:'ti.: ni~;nt)r.r i,~:..: Z Q I ~ C .  ' A r v p n ~ t -  
ing i m b r i c s t ~  stdri~ct,ur! Is tit:.~s : . I . . . * !  . 
i'au 1 t i n 4  

Five n,ajo:- f a x l l  t:iiJ .;: a;:,:.i:* ~ { l  :.!.LIL ' t ~ c  nG.ni.n&; ;::. :I . 
Flat. TTPJS:. fa1 l t . s  - a..; ::;a:rj t iont d L U ~ C ~ C ~  f'c;lding t h c ; ~ . .  Tau1t.s d i p  2 5  t o  30 
degrees  s ~ x t t .  and d . 1 ~  t o  t h e i r  i'Lat r.atarl: a r e  sinuous i r ~  p l ~ i  bu t  have a 
gene ra l  east-wcst stri!;:.:. 

E a s t  b e  Fa;dl.+.s - strikr.: !:.ort:~ 60 degrees c a s t  arid d i ?  60 degrees  south 
e a s t e r l y  t o  6r3 dcgrccs ncrth-wcs'ic:rlj.. 'Ll:c~ have left .  hand movement and have 
thinned t h e  ore  zone due t o  t h e i r  l a r g e  displacements  a t  smal l  ang le s  t o  t h e  
ore-body . 

These f a u l t s  alee ccr;i'lned t o  t h e  ! l i c to r l a  ox-?-body, and a t  t h e  t o p s  of  
t h e  o r e  blocks f l a t t e n  and x.crb<e with  She f l a t  t h r u s t  f a u l t s .  

Valley ' i h e  Fa :~ l t , s  - s t r i k e  dae east. t o  south 60 degrees  e a s t  and d i p  s t e e p l y  
south .  Re la t ive  move~cn t  i s  r i g h t  !landed a i d  i s  most ly ho r i zon ta l .  This type  
of f a u l t i n g  comonl.;r has.  a ' t h i c k  b r e c c i a  w;~ereas  a l l  o the r  f a u l t  t y p e s  are 
t i g h t .  

They a r e  cor;.fined tc: t h e  V ic to r i a  ore-body. Above t h e  f i r s t  l e v e l  t h e y  . 
have caxsed a r;.ug!i h a n ~ i n g .  w a l l  a s  t hey  have produced a s e r i e s  of small over- 
l a p s  of t h e  cor , tact .  Eelow l::e f l l v s t  l e v i d  immediately e a s t  of t h e  e a s t  dyke, 
a l a r g e  o r e  a r e a  ;,ia.s fzc2.tc.d 0:~:. i n  p a r t  by f a u l t i n g  of t h i s  type.  However, 
t h i s  rr.aj- be i n  p a r t  dui.: a l s o  t,o a steeperi .ng of t h e  f l a t  t h r u s t  zone below 
f i r s t  l e v e l .  

Traris-;<?rse '!\TIC F c ~ i t s  a- z t r i k e  no r th  35 dcgrecs '  e a s t  ac:-oss t t ~ e  ore-body 
with s t e e p  d i p s  east. and west .  They have l e f t  hand movement wi th  a maximum 
of 250 f e e t  of ho r i zon ta l  displacement,  and are,,son!etimes q u i t e  d i scont inuous .  
A s t rong  displaceno~ii ;  on t h e  footwal l '  may not be apparent  on t h e  hanging wall, 
o r  t h e  oppos i te  mag occur. 

Displacement a l o n g  t h e  f a u l t s  decreases as t h e  f l S t  t h ru s t  Z O I ? P S . ~ ~ F !  

approac!~ed. a - r c .  not  known t o  displact:  f l a t  t h r u s t  ZOiIcs and a r e  prob- 
ably confined t o  t ~ l u c k s  of o rc  bctwCen s u c ! ~  zones. Aijove n\unbt.r one t5 rus t  
zone i n  t h e  MacLeod ore-isAy t ! i e x  f a u l t s  trere &llMlcr~jCs. t l~low t h e  t h r u s t  
Zone they  a r e  scarci: arid hpivc? 5 d y  minor d i s : ) l a c u ~ t n t .  

v i c t o r i a  p,-p!? Fac!' 2 - s t ~ i k c  r:c.r.th wc?stcrly and d i p  dcc:p:!y s o u t h e o t  t o  nor th-  
eas t .  Relat ' ivc 9oirc~ii;nXis l e i  L :larld(;d. 

Most of t h e  d i a j a s e  dykes f o l l ~ w  t..h.nse f a u l t s  o r  t c n s i o ~ l  f r a c t u r e s  on 
'.he sa~z~c s t r i k n .  , .' 

They predodnat..: i n  tile c a s t  and west dyke  a rca  and apparent ly  d i s p l a c e  
the f l3t .  ti:rust :i.r.-:s :.::Lai,.i.icl;: :~li;;irdx c;;: : ::i. ensb. sicit,. ('nt: l n r ~ c  f a u l t  
i '3ralleli1ig th:. 1.':::;' cii..!':,::se d:.-Icc is k!;vw:i a; t'!*t. Yi.:t.ar.is f a u l t .  I t  has 
"';~..rai brancnes t.o t h e  wt-s:.. . . 
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The ;;ocond w i n  Vj.c tor- ia  t y  pt: Jh:!.ult i:: knsrrrl ;rs ti,*- I I I  . l#:n f a u l t .  It 
l i e s  Setwc-.cn t h v  cask and W I : ~ !  diatl;r::t, uy%+,c a;.d di;pl:i.c:es tlic 01-82 200 f c c t .  
The s t r i k e  i s  no:.!.: northf:rly ?k:;ii~ tile l'i.c1<.,ri:1 f ' i ~ u l t .  ??I?: d i l ~  i' :,t.ccply 
w ~ t ;  a t  ssrfacr.: but  changc; Lo stc.!cp'ly c:ast. br.:two r : r ~  t h e  first u d  sccorid 
l e v c l ,  d r i l l i n g  indicattds i t  j o i n  tr,v V iz to r i :~  l ' a ~ l t  ~ ~ o v I . :  t h e  f o u r t h  l e v u l  
of t he  MacLcod Mine. . . 

A t h i r d  main f a u l t  of t h i s  typr: 1it:s a1or.g tile 6;ast s i d e  of t h e  west 
diabase dyke and i s  named the  west Hclf:n f'a:llt. ?his f a u l t  begins t o  show 
some d i sp l acescn t  j u s t  below t h e  f i r s t  l e v e l  of t h e  Helen. A t  t h e  second 
l e v e l  Helen displacement has increased  t o  100 f e e t  and a t  t h e  2nd l e v e l  Mac- 
L e d  180 f e e t .  

The mining zone te rmina tes  t o  i h e  e a s t  of t h e  Wallbank d i abase  dyke. 

As can be observed from t h e  above, a complicated f a u l t  p a t t e r n  has 
.developed probably-dur ing  l a t e  s t a g e s  of fo ld ing .  Fau l t i ng  i s  more i n t e n s e  
i n  t h e  upper l e v e l s  of t h e  mine than  at, depth .  Fau l t i ng  may be developed i n  
one o r  more s t r a t i g r a p h i c  u n i t s  and ~ i i s s i n g  i n  a n  ad jo in ing  u n i t .  A g r e a t  

. . 
d i f f e rence  i n  r.elat;ive conipetency of s t r a t i g r a p h i c  u n i t s  wi th  each r e a c t i n g  

. d i f f e r e n t l y  t o  s t r e s s  i s  suegested as,  the '  l o g i c a l  explana t ion .  
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~ R ~ - P ~ , R T ~ ~ O , F ,  A.RriN . . - . . O F  . . - . . -- WATER . .. 
& SANDS ON . . 

N5.1. ..&J~.YG.L .,OF rl?cLxOD M - I N ~  

6 n  Xovbmbei 29, 1963 b y ~ h i f t  a crew of hvo m e n  w e r e  driving 
Mi 224 Vent. Raiac.  Tho crdw Completed the dr i l lhg  cycle and reported heavy 
water flow but of five holes but no pressure. Instructions w e r e  left for the 

ni,nbi Ghift iiew mt if t a t e i  how diininiahed they were to  blast the round. Tke 
+ate+ ih ,~ h&i not diminished &u& the zound.&ae left to  drain for tho weekend. 

'- 
. Q* i jgtainbri  2, 1363dayshift the crew was sent to the raise. ~ ~ o 3 '  

. . 
ihhck;ng B 'senkii. 6 i i i j * f + < k * f  t k ~  iitirater .flow had dinlinished greatly a d  c r c w  

" +&ke in~ti-uctdd to b k k e  k6\inh Zit the end of Gayshift. c -. 
The ahate did not .go at tho r c p l a r  blasting time of 3: 15 p. nl. 'due to - . . 

f z ~ i t y  battois tiiw.\;.-zg seilt back c i .~ \~n  with another battery to blast the 
Thb r ~ ~ d  +;hi 'fjikcted ht apij~~ximately'C:45 F. mi The crew p5oned' to 

guiigsc &&=126 i i i n e ~ ~ b a r t l ' & ~ d  t . f p r t c d  approximatclyI 112 ft. of \rater 
I ,  . . ~ ~ E Q B W  6f h t ~  i24 j i&gi t ,  .agiee, . . :. : -  

. . . .  
' . ' ,  . :  

. . 
.. . , .. . . . . 

, . . - .  . . .. ... _ . . . . . T]i& $,$=I i k i j ~ r  pdii:p,,c'rin +i;rsii~ notified to  prepare for heavy wtter. ' 

,. .-. 
~ \ ~ ~ . l ~ i i  Qt;g twij,$ii.eh r . e t ~ ~ i &  tp kbrg&se they w e r e  .que~tioncd.  J. ROUSE& a d  .. - 
W ;  Gkeb* ,518ht t b  ~ 4 ; i  i'6tci t6 i jk~ek coj~ditions. .water heavy with can i s  w2s  

5bt.eh iii dl& ;i?.it=h :y.G,.-.= i:tg to t.he i \ k z l  Mud was  noted acrose  the t rack at 
k i ~ i  eigs2ofl &hrcr&o =t=tiah : a d  ficj* df \ v a f ~ r  in &tc3 W+S epprosiixatei)r do.:ble 

. . - = .  ._ -. .. .. -. - ._ _*". . .. -=ng'a.lbut 100 f t .  east of -U-12 Raise tke rnud yi9rZ-i.d ,coi.-ait?C3b, , A~t- ik >-i.okeki?-" 
\+sb &bs<t 8 hi\fhe6'abk-i, =i3j. d&c;i ~ i i i ~ a  could be heal-d in drift ahead. Another 
. ...- i - ' -  - 2,.: 63, oz w a h +  baa .mwa i v ~ g  &rnninp'&*~~% drift carrying with i t  fsirly good 

. . 
f.4-6 &ny-,&i;k; ,cc&~ jy+b&&@a c ; r ~ t  in the !d- 1 H. \I1. Dr. due t o  

-. 
e6*sffi&gk ~$*m:&ka k 6  A { Z ~  elaarging c k t i o i  and the floor of E c  'ctrrg- 
kg bt.gti\ruh .<,:2& kai.&i.&;d .,"it,h ,~'bbi i(  4 of niud* &kin switch -.vaa pilled off 
powcr Ln chargin's. stxt:ioh. htnd &s also  iloodhlg track at junction of M-1  H .  F. 
Dr.. $:nd M-4 $., i\~., D+, , $2u* 't-h'e above locatiou to the ehaft sump tba flow r?ae 

- .  E6h&..*,* !h 't*. , &t&,, .': 
. . . . 

,. . . .  . . . . . . . ' 8  . . .I . i 

8%. &b%skajh N, Ch&h prarce4cd cast in AC- 1 F. W. Dr. to try to 
' 

&;ei iiiihI cik'sa h a o i r i ~  t~ba kakt w&. UPa3 p ~ 6 r i n g  hI- 120 lunchroom a phone call. 

. . 



was rnzde to surfaco (appro,:imatcly 6:OO p. rn. ) to  notify P. M. Nixon, Sup:. - 
Minos and Mechznical ~ o k e m s n  to get  a rnillvrright out to keep  a check on M- 1 
pumps. 

-. U.pon checldng, water and 'mud &be found at eaee end of 24-124 Ve=t. 
Drift .  Proceeded back to n e s t  end and the iiow past h4-112 Exhauat Ra l sc  I-d 
diminiehed and a r e a  vrae relatively quiet. Proceeded east  t o  botto= of M-,124 
Vent, Raise. hpproxlmate,ly 1 ft. of mud was  in f loor  of d r i f t  e a s t  to Sf-1.20 
A c ~ ' ~ s s  Drift. Frorn M-120 Accees Drif t  to M-124 Vent. ' ~ a i n e  m u d  t h i c k c e ~ s  
increased gradually to approximately 5 ft. a t  the ra iee .  The raise was oboerved 
f rom a distance of about 20 ft. Broken t imber  2nd muck could be seen in the  - 
manway and steclslicle of the ra i se  completely blocking tho r a i s e  opening. 1 he re  
w a s  a small f low of watt?r f r o m  the r a i s e .  Proceeded back t o  ~ u r i z c e  to r e ~ r t  
conditidae. Arr ived on uurface a t  approximately 6 : 3 0  p. m. , 

After coneultztion with Mine Staff persocncl ,  it was decided to cozstruct . . 

a t&nporary dam a t  ventilation door frame about 50 f t .  ezqt of M-1 Clayton 
charging station. Thedam c.onsisted of 7" x 9" t imbere  wall  to wall a d  6 ff  . 

high, Ditch w a i  left open and sand bags  w e r e  provided t o  seal ditch if a d s i  of 
n ~ u d  vjas exper<enced. . . . . 

A watchman vras left in the a r e a  on a continuous basis .  The d a m  n a g  

cornpletc by 3:00 a. m. December 3rd. . . , . 
, .  , . . . . 

. . 
At approximately 5:30 a. m. 2nother flow of mud 2nd water  a a s  e-r- 

fenced. ~ h c  d a m  coutahcd the main force  of ;he r u s h  but the ditch ;as riot 

plugged ,+ld allowed a heavy flow to proceed on bui ' io  shaftsump. A minor'  . , , 

a m o ~ n t o f t h e ~ u d p a s s e d t h e s ~ m ~ t o t h e  shaf ts ta t ion.  N o d i f f i c u l t y w a s  . , ,  

experienced on the shaft bottom d i e  to .the smal l '  f l& of mud. . .. - . . 
. . .. - .  . . .  ' . .. . ': ..; 

After examination a t  7:00 a. rn. by N .  Greed  and J. i iousseia,  i t  *,as, 
decided to curtai l  ir.inir,g c.perations. After fur ther  e:s~nil;ation by h'i7e S ' L C ~  i t  
,was decided to e rec t  three  t imber bulkheads; one' in >A-1 H . ~ V ' .  Dr. at '%-est  coor 

-LI frame east  of Al l -1  Clayton charging static.?; one at west s,ide of A4-124 Ore  - - t s e  
Rai se  zzd  one 2t eas t  e.pd of M-124 Vcnt Drift. . 

The bulkheads w e r e  complete by 7:00 p. m. ~ e c e m b e r  3rd. ~ o r r r l  . 

operations res 'un~ed 'wi th  ihe 7:30 p,m. shift on December  3, 19,63. , . . . . 



A t  10: 30 P.M. D c c ~ h c r  Lkh, tEco m n  rarkirq In X-127 sluehczr drift reprtod 
a n n  of rjand or.d ts'ier irtth their ~xl-lrtg place to a si\if t LXRS. Yl'le s!df t EGSB 
noti  fi& tho l.2icLed Shaft hoi ~"um \tino in t u r n  not1 Eied ssxior e-\rpcntf s i o n  

Pat ' 11 : 10. P.IL the oonior sup-firvicors at tho r l n e  sf t i  hcd the st end; gae 
injected f nto the r5ne air to rc;.ovo a l l  piiisoinel. E i d ~ t e o n  man core kept at  the . ' 

d n o  t o  do rceesssary work after .iriv&tigetion, 
. . . 

. . 

Upon inva:stipation it tns f c ~ d  &hct a tic- h a h e a d  in tho s e t  2nd' of 
1 ~ 1 2 4  Zy-Pc;;s D r i f t  t h a t  I;sd keen c r c c t d  en GSC, 3rd. bed i&ilccl. Rn:! and mtor . 
],ad f i l r o x ~ h  tlrl 1 i . W .  Dx. to I!-227. Elus?.er D i i f t  md ~ o * h  in tho $lusher Drift 

,;;rd;:fitely $3 b21010. ~t '*st p~irit tho i l w  aan hold Lack hy a i u i l d  up of ruck 
f n tho ~lcshcxr dr i f t .  fiflAer' f::-;cstir;ctf on v:ss mde end i t  t.w? noted tha t  the m d  
kad nzn c w t  t2:rouc;ll fZL i l . ~ .  Dr. .to 1-'~129 )[-Cut L;. ficn nortl~.thro~ch t1129 Y - a t  E. 
z;7e i - 2 ~ ~  had bsan tip5xqsi1z2tely l0 desp at thc 2.f-125 6log.  &rift lozciion. The f lo17 
kad w n  further nor% in h129 X-Cut E ,  .ard &in L130 . . ?illar'k;ai~e dXch =a &?ng 

. .- . . . . . .  . . . . . . . . . .  , . . . u s 4  crs On ore pciso. . . . .  . - . . .  : ' . .  .... :. . . .  . . . . . . .  . . . . . . . .  : . r . .  * . . . .  . . .  . . .  . . . .  . . ,  . . . . . . . . . . .  . . . . . . - - 
A flcw of wtcr and s & ! & ' h ~ d  Gone b p i  t h r o ~ ? ~ ? l  tl:k cre ~ L G E  . ~ y s t a  t o  '"le 

cnst?or statjcn e n c i , f i l l &  the  jaw of. 310 crashar. A d n o s  cii-13:~nt \.:a& noted on Q.e 
cz-.:shcr r c a  Plo2r. 

. . 

A Imsvy .flow ct  id 3as J ~ E O  ~ j ~ r i c n e c d  ~ ~ T O ; I C &  tho Ge val-io in- tt.0 &n . 

erestud on Cc-c. Srd in i.!-l Ji,ti'. Cr. just  west  of 1>112 f k i ~ e .  '0.8 .flax 3:i.a~ .k&fidbd 
Ly fhe 1;=7i1ig sZ;ltFcn ~t 3.+1 s te t i on  of Ibchod sr"~ft. 

. . 

... 
Sinza one ci t h e  *tee 'IxWlt-66 srectg-2 on Csc. 3rd isfled, i t  F ~ S  ,dezjdcd 

t o  strer~S\en tte raain?tic~ ,hs i r r d o t e l y  d t h  iurthet 7" x 9" ti&re on liu p i n 0  ' .  

f n t??c 1 - z 3  19. A decision tzs e l s o  r a d o  'to reczoz;;tr~ct the t i rbr  hlkhcbd that lad  
Z=ile5 as coon os ~cr;sik.-le.. ' tr-mn zccgle'iion oi I L s  ~tre;r.~rtl~cncG L.-1U:ear'!s, wsri: 
- .q-, 1 ti C.+. '...-,7" nL La .--;l.,e op i n s t a l i o i i  ca of .tl:ree, rcirtforced c o n m t e  ~ U ~ L L , E S ~ &  5' t?d& at- 
c i d o  of i h c  tL~Ler 1~11Xkc~ds.  31e concrctc . . L1L1;Cicaii.s $:era d o s i g ~ d  to' wlthctrrnd ,tho 
prcsn?ro. of the teci to tt;a ji-2 level. 

_ . . . .  . . 
. . .  . A fcur t l~  reinfo&cd'ccn&reto 'hl<?ieed GD-6" In t h i c l z o a s -  t;as s ter te i  in 

.220 x-Cut. ' T!!c t:~Lkl~csd - t : ~ t s  tllwclqht ;lecossary ~ S C S ~ C Z ?  P-220 P. Xoe. been 
Grivcn to \rit>An iic .of-' jkl 1 ~ ; d . -  'The Lrc& t:trcx~bh, rcxrrd htci L.cen dr i l l& e .d  
klistcd iu t  ir,\-cktic.\2tion 'at 'the to?  of' kre& thrcuch Icqztion 0.7 Pee. 2nd i r d  c n t d  
' that i n  fact '  tho rzicz ~s not Li:ckon ihrc.:15:5. The tkicdnoss  of gro~nd, f r w  hrcag. ,' 

tl1roul;h r;;=s urhcwn oaci !ha kt1k.h-d ~ 2 3  t f i c c ~ f i t  xe,-cacary. . 
. . 



Before rc-corutruction t h e  b~lkhoad clt t h o  a c t  ond of PA24 Py-Fasa =Aft  
end c t x ~ ~ ~ h o l L i r g  t h e  h l i d . e a d  a t  west  id^ of L 1 2 4  0x0 Fcss JUr;e, I t  h-4 rteczrrary 
t o  romvo t l ie I.WA ar4d later froz tho  or-. yhi8 ) r 3 ~  dono by aluahirrg t h o  r a t o r l a  
doam the ni l lho le  of L127 S l u ~ h c x  D r i f t ,  mards werq pstcd at  t h o  1L2 lmol a 3  *Io 
cnshcr roos. t o  omuro *.at t h e  wtcr cnd sun& wore paccing through the  cre ~ E S  

~yctem.  

. 'Y!-112 Area Bdkhesd - 
In kLl,H.I?. Dr. strengthening of t h e  tLrlor lullrhcad ras cwqdete by 7:SO A,# 

Dec. 5th. Cowtructign of tho reinforced c ~ n c r e t c  h U - J ~ e d  I-.- then ca?se;iccsl a.d -.ls 
by 3:30 P.M. Dec. 7th. 

~ ~ ~ ~ ~ e t d t i r ~ e r '  b ~ m r n d  iit 3:50 A.X. DW. ~ t b  end ca'izwtcrd \ark *B 
rdkforced concrete bulkhesd. The reinforced concrete bulkhead m co;plete at  6 :  GO 1..1(. 
Dm. 8th. . . 

. . 

%124 Ore Pass EllPdwdd - ' .. ' 

- .  . . 
. . 

, Cczipletd r e in fo rc ing  the t i r h ?  hl f imd at 7: 30- A . I .  Dec. 6th. The .' 
. r e i n f o r c e  concrete h1I:he;id %s ~ . ~ 2 1 e t e  by 2:GO P.E. Dm. 8th. 





The 9enison nine i s  loca ted  about 11 miles nor th  of F J l i o t  Lalce, 

Ontario Canada. . ' 

The geology i s  out l ined i n  t h e  attachments from mater ia l  sup?lied by 

General Sts tenent  

The nine v i s i t  s t a r t e d  by e n t e r i w  t h e  mine' a t  t h e  2h65 l eve l .  m r i n g  

tt16 t ou r  v!e covered s+out 15 :?.ilc.s ol" :?,in? r;ork!-qi;s l';;r t ,rdck, nvcr z.n srer 

. . 
of four square dies, v d t h  n:lmerous stops. The deepest  ;ror%i3gs vie.5 t.c.2 ;:..-:l:* 

a t  a .depth of 2969 f e e t .  The a.reas v i s i t e d  a r e  be10l.i gu i rke  Lake :;r:sL:;l i s  

350 feet deep. The'workirgs are dry. *. .. ., . 

A t  one 20 f o o t  face there  ase 5 bedding . p lane  s l i p s  i n  t h e  o r e  l aye r ,  , 

bit 23 seerage GY d 3 n ~ n e s . ~ .  There x-as s o l e  mindr i r o n  - s t a in ing  t h a t  

extrended 109 f e e t .  o r  so 1 a t e r a l l y .  Sone minor stee? s t r i k e - s l i n  .feCl.ts cut  

t he  ore, sho1.r s l i ckens ides  and an antxirent . .  movement of  a.bout 2 fee t .  Yo 

,evidence o f  m t e r  ra,zs seen i n  o r  near  t he se  f au l t s .  

. . The only mter r e ~ o r t e d  was i n  an abandoned area, no longer acccss iblc ,  

rhere 23 G.P.Y. occumed. . This  ras p o u t e d  an5 aealed.' 
, . . . 

A y!l;l Ct f r.: .: ,O2_lrf2:p cflrol;ntp,'c-? ,? .t,9r?:~t f?::!l.t ~ . t .  3339 r cn t ,  t.'?.l', Y:;? :: 

very vet .  -4 t h r ee  nonth delay ensu'e.d while grouting was c a r r i e d  out .  TJo 

vnter ~ 9 3  cnoauntored below t.hat, depth. The t h r u s t  f a u l t  i s  shown on t h e  

a t t ~ c h e d  :colo:& section.  



It is re:.r?rtc::! t h e t  t h i . s  same t h n i s t  fa i r l t  e;-t.:n:ls int3 the adjroinigg 

src being s?ught. 

I .(. . ... . It i s  notc-:!.>r'vhy t h s t .  t las$ite t 5a  cxtcr,si.vc v-iriin;: t>!.orr: o?p!?qrs t.6 QC 
., . . 

.. . 

r,o h:r:?rologic c'onnecticz tc, t h e  xst'er - b 6 a r i . n ~  t h n s t  f a u l t  .a thousctnd 

o r  so f e e t  abovc t h e  v;ori<ings. The lack of ?rater  rcovenent on . t h e  nu?~c ' ro~s 

Sar lTl in~  r lane nI.i?a,. f a u l t s ,  o r  dikes augsesta that, a t  these depths t h e  :, 

r x k  pi-cswlres a r e  s u f f i x i e n t  t o  ffpr~ssurc ssalff  t !~e  fractures i n  th.13. 

geologic t i n e  avs i lab le  since the  f r a c t u r e s  d e v e l q ~ d .  
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The Denison mine, more than .4,700 acres in surface area, is located on ilte north limb of the 
famous Quirke Lake syncline. The main ore zone, consisting of the two uranium-bearing 
conglomerate beds, dips from north to south at an average angle of 19 degrees. At the upper ,. 

end i t  lies 550 feet below the surface and deepens to 3,000 feet at the south property boundary. 3- . 
7 .  ' 

Minor undulations occur throughout the orebody and faults, dykes and sills have been encountered -rT+G= ., 
in several locations. - * - P , ~ , , T ~  qJr-,:y . + ,  -, - 

8 Id- 

, > 1::. 
r- - 

The uranium-bearing conglomerate.beds are reached by two main vertical shafts, approximately (,is ;$-2:;, c ,  - -\ 
one-half mile apart. The first shaft gives access to the orebody at the 7,600 foot level and the 
second shaft, farther downdip, intersects the main ore zone at the 2,454 foot hariz~n. The mining 

method rrquires only one main underground station at each shaft. The am now is hoisted at 
No. 2 shaft. 

Two other shafts at the east end of the property, formerly part of the nei~hboring Can-Met mine, 
have been connected with k c  Denison underground wrkngs for ventilation purposes. 



Th3 Creiyhtrm :cine is loce tcd  n t  .S;:di-.ur;t Ontario Cana:Q, 

1; br i e f  sunmry o f  the' .  inhe geology, supplied by t h e  ~ n t e r n a t i o n a l  
, : ..; .,. ,,,,.ic.l Cob, i s  at tached.  Mso at tached a r e  excevts froin F i s ld  Fxcursion' 

C33 International Geological Songress 1972. 

Iris:,ection of t h e  Creighton mine was confined t:, t h e  61103 l e v e l  s topc 

and tumels .  'Lhs rocks a r e  dusty and dry. No x a t e r  ?vas .reen. A pro,d?c:?t 

C ? ! - I ~ R Y  z . 3 n ~  cr35ses tvo of t h e  t;?nncl.s but %here m s  no evidence o f  noi:ture. 

T:?n !?.i_ne ~ c " l o , r ; i s t ?  report  t h a t  they do not kpoor of zqy v;rfer ..;ee?3 b i . S l ~ 7  

t h e  3300 foot  l eve l ,  a contract  tunnel  miner confirmed t h a t  i n  t e n  years  of 

tunnel  dr iv ing,  he has never seen water except a t  one ~ o i n t  on o r  above t h e  
. . 

33.30 foot  lev-el: ?.line geologic maps shov t h e  r>resence of a .nul=ber of shears  

223 f zu l t s .  No \rater occgrs i n  these  a t  de?ths.exceeding 3333 fee t .  

The var ious  rock t p e s  exposed g ive  t h e  d i s t i n c t  i ~ p r e s s i a n  o f  a g i a n t  

breccia vihich i s  completely re-sealed. 

Fmctures a3d j o i n t s  a r e  q u i t e  c lo se ly  spaced i n  some areas. A Fracture  

. . frequcxy of L t o  6 per foot  occurs i n  some of  t h e  tunnel walls but  no . . 

, !. 

i t  sce.:i:.: c!.eAr t h a t  a t  this dci:!t!~ 3.n t4cse  ? rcc i :~b r i an  rocks, no . , 

- .  viater c i rcul-a tes  and there i s  an absence of any e f f ec t i ve  permeability. 



: L CREICHTON MINE 

His tory  

The 'Creighton orebody % a s  o r i g i n a l l y  discovered by A. P. S a l t e r  i n  
1856 whi le  engaging i n  base l i n e  survey work a s  a  P rov inc i a l  Land Surveyor.  
He was of t he  opin ion  t h a t  t h e  marked d e f l e c t i o n s  i n  h i s  com?ass r ead ings  
were caused by t h e  presence of a  l a r g e  i r o n  d e p o s i t  nearby. Th i s  was 
examined by Alexander Flurray who was making a  geo log ica l  survey of  t h e  d i s -  
t r i c t .  Sampling ind ica t ed  copper and n i c k e l  m i n e r a l i z a t i o n ;  however due t o  
the i n a c c e s s i b i l i t y ~ o f  t he  a r e a ,  t h e  d iscovery  was f o r g a t t e n .  I t  was r e -  
discovered i n  1886 by Henry Ranger fo l lowing  a  f l u r r y  of e x p l o r a t i o n  i n  t h e  
a rea .  .,Three yea r s  e a r l i e r  a  mineral  occurrence had been d iscovered  dur ing  
ra i lway cons t ruc t ion .  I n  1900 an .  open p i t  mining ope ra t ion  was s t a r t e d  by 
t h e  ~ a n a d i a n  Copper Company. The f i r s t  shipment of Creighton o r e  was made 
in  August 1901. The mining has c o n t i n u e d t o t h e  p re sen t ,  a l though a t  s e v e r a l  

' t imes t h e  orebody appeared t o  be pinching out .  Diamond d r i l l i n g  proved t h e  
cont inua t ion  of t h e  orebody a t  depth and t h e  mining has c o n t i n u e d t o t h e  lcw- 
est present  mining l e v e l o f 6 , 6 0 0  f e e t .  These deep workings a r e  made access-  

' i b 1 e . b ~  a  s h a f t  from s 'urface t o  j u s t  be low. the  7,000 f o o t  l e v e l .  

. .' 
Geology 

-* 
. I c t r  C ~ e i ~ i ~ i u r ~  u ~ e b u d y  is Iucaied u i ~  i i c r '  u u i e r  rill1 u1 iite ~ i i c k e ;  . 

i r r u p t i v e  of t h e  soi t theast  c o m e r  of an embayment i n t o  t h e  f o o t w a l l  rocks. 
A s  a  g e n e r a l i z a t i o n  t h e  lower member of t h e  i r r u p t i v e  ( n o r i t s )  i s  t h e  hang-., 
i ngwa l l . o f  t he  orebody. The foo twa l l  rocks  a r e  lower Huronian vo lcan ic s  
(metamorphosed b a s a l t s  and a n d e s i t e s )  a n d . g r a n i t e s .  These have been s u b j e c -  
ted  t o  thermal and dynamic metamorphism. The foo twa l l  rocks  a r e  t h e  o l d e s t  
. in  t h e '  mike .a rea .  . 

The s u b - l a y e t ' n o r i t e  con ta ins  most of t h e  ore .  I t  occurs  between ti12 
hangingwall n o r i t e  and foo twa l l  rocks and c o n s i s t s  of b a s i c  t o u l t r a b a s i c  and 
footwal l  i nc lus ions  i n  a matr ix  of n o r i t e  and su lph ides .  The emplacemsnt o i  
t h i s  ore-bear ing  zone appears  t o h a v e  been i n  s e v e r a l  p u l s e s ;  t h i s  is  suggested 
by d i f f e r e n t  o r e  types occurr ing  a s  i nc lus ions  i n  o t h c r  o r e  types.  The main 
orebody has been subdivided on minc ra lqg ica l  acd /or  geographica l  l o c a t i o n  
d i f f e r ences  i n t o  a  number of s e p a r a t e  orebodies .  A gene ra l  sequcncc of o r e  
types i n  t h e  sub- layer  from hangingwall t o  foo twa l l  is a s  ' follows: 

(1) d i sscmins ted  su lph ide  i n  aorite  
( 2 )  irit,ers t i . t i a l  su lph ide  i n  n o r i  t c  (INSU) 
(3) ragged disseminated su lph ide  i n  i n c l u s i o n  packed n o r i t e  (RCDI) 
(4) gabbro p c r i d o t i t e  i n c l u s i o n  su lph ide  (GPIS) 
(5) .contorted s c h i s t  i n c l u s i o n  su lph idc  (CSIS) a s s o c i a t e d  wi th  

s t r u c t u r e  zones 
(6)  i nc lus ion  massive su lph idc  (IhTIS) - g e n e r a l l y  l ? r g c  i n c l u s i o n s  

f l o a t i n g  i n  massive su lph ide  
(7) mass ivc  su lpliidc (Emu) 



, The sequence i n  most of t h e  orebodies  f i t s  i n t o  t h i s  gene ra l i zed  s e c t i o n .  
I Tl.ere a r e  a few except ions  t o  th i s . ;  they a r e  a s  fo l lows:  (1) a r e . a s s o c i a t e d  

wi th  a qua r t z  d i o r i t e  dyke, (2)  high grade pods i n . t h e  f o o t w a l l  end (3)  o r e  
tha t  occurs  a long  a low ang le  s h e a r  t h a t  extends i n t o  t h e  foo twa l l .  

The most common su lph ides  a r e  p y r r l . 2 t i t e ,  p e n t l a n d i t e  and chalco-  
p y r i t e .  Precious meta ls  a r e  p re sen t  i n  sma l l  q u a n t i t i e s  b u t  t h e i r  d i s t r i b u -  
t i o n . i s  e r r a t i c . .  The average p y r r h o t i t e - n i c k e l  and coppe r -  n i c k e l  r a t i o s  
are 9 : l a n d . 8  : 1, r e s p e c t i v e l y .  The va lues  f o r  t h e  i n d i v i d u a l  orebodies  

: can be  s u b s t a n t i a l l y  d i f f e r e n t  from t h e s e  f i g u r e s .  

The youngest r o c k s i n t h e  a r e a  a r e  t h e  t r a p  and o l i v i n e  d i abase  dykes. 
I 

Mining; Methods 

As p r e v i k s l y  s t a t e d  t h e  o r i g i n a l  mining was open p i t :  t h e  o r e  was 
, drawnup  a ramp by ho r se  drawn c a r t s .  From t h i s  p r i m i t i v e  beginning i n  t he  
: e a r l y  1900's mining methods have developed t o  meet t h e  economic and grourid 
: c o n t r o l  requirements of t h e  t ime. A t  p r e s e n t ,  f i v e  mining methods a r e  being 
: used; they are:,  shr inkage ,  b l a s t . h o l e ,  cu t  and f i l l ;  undercut  and f i l l ,  and 
i pos t '  p i l l a r .    he e f f i c i e n c y  of t h e s e  methods has been g r e a t l y  improved by 

the  in t roduc t ion  of  mechanized equipment. For a d e t a i l  d e s c r i p t i o n  of the 
' .  va r ious  methods used a t  Creighton s i n c e  i t s  beginning t h e  r e a d e r  is  r e f e r r e d  

t o  J, R. Bolk's "The \?inning of Nickel". . . 

S t r u c t u r e  

The l o c a t i o n  of t h e  o r e  i n  t h e  upper p a r t  of t h e  mine is gene ra l ly  
con t ro l l ed  by shea r s  a s s o c i a t e d  w i t h  t h e  foo twa l l  con tac t  of t h e  n o r i t e  

' embayment. The shea r s  t a i l  ou t  i n t o  t h e  foo twa l l  a t  a ' s teeper  d i p  than the  
I contact ,  and a r e  ore-bear ing .  One of t h e  major s h e a r s  ( 6  S h a f t )  is a low 

. I  ang le  s t r u c t u r e  dipping i n t o  t h e  foo twa l l  a long which o r e  has  been emplaced 
: and appears  t o  be a channelway f o r  t h e  d e p o s i t i o n  of a sma l l  orebody which 
' . coneains Llle h i g h e s t  g rade  a t  t h e  m i n ~ .  i n  the loher  po r t ion  of t h e  n i n e ,  1 shear ing  does not  appear  t o  be a s  s i g n i f i c a n t  except  f o r  t h e  e a s t  end of  tile 

o r e  zone (401 0. B . ) .  The major c o n t r o l  is t h e  n o r i t e  - foo twa l l  con tac t .  
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APP roximately $l2,000,WWI,OOO worth of nickel, coppr, c+ a 
, . 

Wt, selenium, tellurium, platinum metals, gold, silver, iron" 
ore, and sulphur have been produced from the ore d e p s h  
of the Sudbury Nickel Irruptive over the past 85 years At 
present, some 20 mines are in production. The sulphide ores 
are miated  with the "sub-layer", a discontinuous layer of 
inclusion-bearfng igneous intrusions which form a distinct 
lower unit of the N i  Irruptive. The offset dikes, which 
radiate outward from the main body of the Irruptive, are ' 

part of this sub-layer. 
Other types of mineral deposits in the region include 

copper-lead-zinc sulphides of possible udralative origin asso- 
ciated with the Whitewater Group of the Sudbury Basin 
(Thomso~ 1956), and copper-nickel sulphides and gold- 
bearing quark vein deposits associated with Nipissing dia- 
base intrusions. Copper sulphidts occur in the lm Huron- 
ian volcanic sequence& Several af these deposits have been ' 

worked. 

~ T R U P A - S ~ A S A N A S T ~ O B L E ~ M E  

w 
J. V. Guy-Bray 

The International Nickel Company of Canada Ltd. 

rNTR0~umo;u 

Them are two main theories or origin for the Sudbury 
structure: the "traditionaln and tke "askobleme". m e  older 
theory has undergone various changes in detail but it rests * 

upan braad canventIona1 considerations of regional structure 
(location at the intt3l~ect'ion of several major lineaments), 
petroloky and metallogeny (association of Fe-Ni-Cu sulphides 
with layered basic i n w v c s ;  proximity to ring complexes; 
presence of explosive ."volt!anic" rocks with Cu-Zn-Pb sul- 
phidcs) and geochronology j-ce of other ~ 7 i d  
events ca 1.7 b.y. age; parent existence of a positive "Sud- 
b"ly d n t  in ~urOn"%. tinre). 

According to &ems (1951) the structure was formed by 
wlmnic-tectonic explosion pmcesses, somewhat as fotlows. 
A broad dorPre, 60 miles (95 km) acrpss and involving 
Hpnian a d  older rocks, was uplifted by the prescnce of 
magma. Succesdve periods sf uplift followed by tensional 

w- - Ci , a *L; .::,+ :",- . . r-A; ?$>. A K  



ing around the rim of the caldera and flowing into the col- 
a lapsed centre produced the Onaping Formation. The Irrup- 

tive was intruded subsequently along the base of this forma- 
tion; the Nickel Irruptive is thus a later plutonfc manifes- 
tation of the igneous activity which had previously formed 
the extrusive Onaping. 

More recently Die& (1964) suggestcd that the gcomctry 
of the Sudbury structure and the associated brecchtion could 
best be explained by an explosive meteorite impact, an inter- 

* pretation for which his own discovery of shatter cones gave 
support. This theory led French (1970) to find, in inclusions 
in the Onaping Formation, microscopk features character- 

t U .- istic of shock metamorphism. Subsequent work has shown 
that shock metamorphism, a normal feature of impact sites 

f 
P but unknown in volcanic rocks, is widespread and common 

in the Omping, and is also found in footwall rocks adjacent 
6 to the Irruptive and in fragment3 in the Sudbury breccias. 

3 Dietz considers tho Ni-Cu ores to be comogenic, derived 
from the meteorite, but in the more accepted version of i 

Y 

the theory, the explosion is thought to have acted as a t r i g  
o ger for endogenic magmatism with associated sulphide 

i minediaation, as follows. Shock waves radiating from the 
point Of impact produced brecciation, melting, microscopic 

8 u shock features and shatter cones, and excavated a circular 
- . crater, the collapsed outer limit of which is now xnarked by 

I remnants of down-faulted Huronian sediments north of the 

S 
Basin. Part of the material blasted from the crater fell back 
as a poorly sorted breccia; the Onaping F o r m a t h  Fractur- 
ing and heating of the pocks, and reduction of pressure in i the upper mantle below the crater, initiated ewhtbn of the . 

h Nickel Irruptive. The magma, including the ores, was em- 
placed between the bmciated crater wall and medying 
crater-filling breccias -in the central zone of tbe structure 
(Figurn 5). 
Dence (personal communication, 1971) discovered, in gla- 

cial deposits in Madennan Township, friable 
breccia with abundant fmsh glass and s h o c k s  
foatures. These rocks evidently derive from Lake W9naNt.d 
which is thus identified as a 8eparatc and mrvh wWP 
impact site. 

F m D L Q G  

From Lawedm University Campus, whem Missha@ 
~ t o w i t h d r a t t e r c o n c s i s c x p o s e d w e t r a t r r l d 2 ~ ~ y  

U 



Fh. 5. Evclution of SuBkrry &sin st- according to tho astrobleme 
hypothesis. 

to Stop 411, a distmcc of some 33 miles (55 km), crossing 
the Sudbury Basin from southeast to northwest ( F i i  4). 
The City of Srldbrtiy is built mainly upon ridges of McKim 

Formation intruded by Nipissing diabase. Highway 144 (the - 
route to Timmins) winds out of the city between bare hills 
of Copper Cliff rhyolite on the right or northeast side, and 
slag on the left. The rond climb northwestwards through 
basal Iiuronian sediments and volcnnics, past the Clambelle ' 
conccntrutar and the distant Copper Cliff North Mine shaft. 

Thc lower contact of the Sudbury Nick4 Inuptive (Stop 
4) is markcd by the jpsan of the hi ir ic  d i i  site next 
to the Canadian Pacific tracks, and by the concrete of the 
original Slwmy hIine buildings. From this point we drive 
for mom than a mib  over the typically subdued pk-u topo- 
graphy of South Range norite, then down through sheared 
mkrop:mtite into the interior lawhd of the Swdbury 

16 

Bash a t  U d a .  The hills of the North Range are visible, ' 

ten rniies (16 Ian) to the northwest. 
The Onwatin slate and the sheared southern limb of the 

Onaping makc generally flat farmland; in the central part 
of the Basin low, woodcd, east-northeast trending hills are 
formed by own folds in the Chclmsford melstonc. rZcyond 
Dowling the highway climbs into the North Rangb-: the 
massive, mshtmt Onaping Formation is marked by the cata- 
ract of High Falls on the Onaping River (Stop 2); above 
fhe falls tho route win& through q c d  hills of mic.rr~1w.q- 
matite, which forms the highest ground in the district. On 
Highway 144 the summit is close to the quartz mbbm 
("tnmsition *mc"), n mile north 01 Lcvack stirtian; the road 
then drops dawn, across the norite, to the Amhean granite 
and gneiss terrain north of Windy Lake (which can be seen 
while descending the hill). 

Stop 1' is on Highway 144, 0.7 .miles (1.1 km) past the 
C.P.R. level cmssing a t  Windy Lake Provincial Park. 

Exposures of migmatitic gneiss are pervaded by irrcmlar 
tongues of psmdotachylitic breccia The blocks are rounded 
to angular dbF3ented fragments of country rock, in a matrix 
of finely comminuted rodt flour. No foreign igneous com- 
ponent is present: the brrccia has been formed by attrition 
h situ, without apparent mlting. In thin section the larger - 
fragments may show weak shock f e a m  

The Sudbury Basin is swroundcd by a zonc d such brcc- 
ciated rocks, extending a t  least l.5 miles (24 km) beyond 
the Irruptive contact. This zone is co-extensive wlah the zosro 
containin& shattcr corn. Together with the pslescncr? od 
shock metamorphism in the breccia fragments and in the 
wallnocks,thissugges&tbatthebrecdasfdasaeak 
sequence id explosive meteerrite impact. 

' L  . 
stop I toS@ b .-,'I' c+,i  

Closer to the Nickel lrntptive contact the gneirslc stme- 
ture ot the corntry rock becomes quite hegub and bmceh- 
tion is pervasive. The Irruptive contact is not expoed, but 
as isusual an t h e m  Range, it ismarked by afopoenpbtc 




